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ABSTRACT 
 
Novel spherical nano-scaled cellulose particles have 

been prepared by high-pressure homogenizing of four 
different types (grinding, decrystallization, hydrolysis, and 
chemical modification) of pre-treated cellulose samples 
with MICROFLUIDIZER™ processor (MF) in aqueous 
media. The prepared nanocellulosic dispersions were 
characterized by means of static and dynamic light 
scattering (DLS), ultra-centrifugation and scanning electron 
microscopy (SEM). The dispersions and also the dried 
materials were further characterized by rheological 
investigations and by measurements of the porosity with 
mercury porosimetry and volumetric gas adsorption (BET). 
Additionally, the barrier properties against oxygen and 
moisture of nanocellulose coated polyester foils were 
examined. 
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1 INTRODUCTION 
 
As the most abundant organic and renewable polymer, 

cellulose is used in a wide variety of industrial products and 
applications such as pulp and paper, regenerated cellulose 
fibres, and cellulose derivatives such as cellulose ethers and 
esters which are applied as additives, thickeners, stabilizers, 
binders and fillers in pharmaceutics, sanitary, textile and 
food industry, as well as paper making [1].  

In the recent past some novel and interesting cellulosic 
materials were developed which were obtained by 
disintegrating cellulosic or lignocellulosic fibres using 
mechanical [2], chemical [3] and enzymatic approaches [4] 
or combinations thereof [5]. In that context there is an 
increasing interest and demand in nanoscaled cellulosic 
materials which have a big potential to develop novel 
applications e.g. in biomedicine [6], paper industry [7] and 
materials science [5a]. In general, nanotechnology deals 
with structures sized between 1 and 100 nm. Due to the 
decreasing size of particles or molecules, corresponding 
nanomaterials feature unique surface and colloidal 
properties arising from their nanoscale dimension [8].  

 

In the present work novel approaches for the preparation 
of nanocellulose are discussed which combine cellulose 
pre-treatment due to grinding, dissolution and precipitation, 
hydrolysis or chemical derivatization of different pulps with 
subsequent mechanical treatment of aqueous suspensions of 
pre-treated or derivatized cellulose with a high-pressure 
homogenizer (Microfluidizer processor). The disintegration 
to nanoscaled structures leads to a strong alteration of the 
structural and surface properties of the cellulose molecule 
and is connected with changes of its fibrillated architecture 
and supramolecular order [9]. This means, cellulose fibrils 
with nanoscaled diameter and with lengths in the 
micrometer range are presented in most papers. The task of 
these investigations was the preparation of spherical 
cellulose particles with diameters in the nanometer range 
[10]. In order to obtain more information concerning the 
structural properties, aqueous dispersions of nanocellulose 
were characterized by dynamic light scattering (DLS). The 
morphological characterization of dried samples which 
were obtained by lyophilization and solvent exchange was 
conducted using scanning electron microscopy (SEM) and 
measurements of the porosity by mercury porosimetry and 
volumetric gas adsorption (BET). Further properties like 
viscosities of redispersed samples were compared with 
starting dispersions and the barrier properties of casted 
films were determinated. 

 
2 PREPARATION OF NANOCELLULOSE 

 
For the preparation of nanocellulose three different 

celluloses were used as starting material: a) bleached sulfite 
chemical pulp Cellunier F (Rayonier Inc., Jacksonville, FL, 
USA [DPCuen = 867]), b) cotton-linters from Buckeye 
(Buckeye Technologies Inc., Perry, FL, USA 
[DPCuen = 1316]), and c) microcrystalline cellulose NF, 
BPAvicel® from FMC Europe N.V. [DPCuen = 223]).  

The nanocellulosic dispersions were prepared as 
described by Hettrich et. al [11]. Therefor the celluloses were 
pretreated by grinding, hydrolysis, decrystallization, or 
chemical derivatization before they were treated 
mechanically first with high-speed stirrer Ultra-Turrax™ 
(UT) and second with a high-pressure homogenizer like a 
Microfluidizer® (MF) processor. The solid content of the 
prepared opaque dispersions was in the range of 1 to 2 %. 
As cellulose derivatives low substituted methyl cellulose, 
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carboxymethyl cellulose (CMC) and oxidized cellulose 
were used. Figure 1 shows the SEM pictures of spherical 
cellulose particles depending on the pretreatment. 

 

  

   
Figure 1: SEM images of spherical particles from a) acid 
hydrolized, b) decrystallized,. c) carboxymethylated, and d) 
oxidized cellulose after treatment in a Microfluidizer®. 

 
3 ANALYTICAL METHODS 

 
In order to obtain information about cellulose particle 

sizes, UT and MF treated dispersions were characterized by 
means of static and dynamic light scattering (DLS), ultra-
centrifugation and scanning electron microscopy (SEM). 
All these methods have their advantages and disadvantages 
and the values for the particle sizes differed in a broad 
range. While SEM is an optical method the particle sizes 
can be seen directly, but only very small regions of the 
whole sample can be examined. In addition the particle 
sizes depend on the drying and preparation method of the 
SEM sample. The static light scattering is a direct and exact 
method for the determination of particle sizes, but it is time 
consuming and applicable only for monomodal systems. 
Also the dynamic light scattering is a direct and fast 
method, but it should be applied only with Newtonian 
liquids and most of the investigated nanocellulosic 
dispersions were characterized by shear thinning viscosity. 
Another direct and exact method for the determination of 
particle sizes is the ultracentrifugation. This method is also 
time consuming and limited applicable for charged samples 
like some oxidized and carboxymethylated nanocelluloses. 

 
4 SPECIAL PROPERTIES 

 
For further characterization selected samples of nano-

cellulosic dispersions were dried via lyophilizsation, via 
spray drying, and solvent exchange. The dried products 
were characterized in terms of particle morphology (SEM) 
and porosity (mercury porosimetry and volumetric gas 
adsorption (BET)) in dependence on the drying method. 

Re-dispersed samples were compared with starting 
dispersions by means of SEM, DLS and rheology. 

Rheomechanical measurements revealed the viscoelastic 
properties and gel-like structure of the materials as well as 
time- and shear-dependent effects like thixotropy and 
pseudoplasticity (structural viscosity).  

In conjunction with potential applications film forming 
properties and temperature dependent behavior (e.g. 
viscosity) of the materials were investigated. Additionally, 
the barrier properties against oxygen and moisture of 
nanocellulose coated polyester foils were examined. 

 
4.1 Porosimetry 

The mercury porosimetry was arranged by Pascal 140 
with pressure range between 0.013 to 0.4 MPa for 
determination of macro pores and Pascal 440 with pressure 
range between 0.1 to 400 MPa for determination of meso 
pores (Company Thermo Electron Corporation, Milano, 
Italy). The cumulative pore volume and the determination 
of pore diameters und distribution (registration of pores 
between 4 nm and 116.000 nm diameter) were calculated. 
The determination of the porosimetry was carried out with 
different samples. A selection is summarized in Table 1. 
Figure 1 shows the distribution of the macro pores. Nearly 
no macro pores are found in the samples dried by solvent 
exchanges (sample NC-1-2). Whereas a lot of macro pores 
are observed in the samples dried by freeze-drying (NC-1-1 
and NC-2-1). These samples are characterized by 
incompact, fluffily and fibred structure. It can be assumed 
that the measured data correspond with the distance 
between the several particles but not with the pore sizes. 

Table 1: Summary of drying samples and the used methods. 

Sample-
No. 

Material Drying method Labelling 

NC-1 oxidized 
cellulose  

freeze drying 
solvent exchange 

NC-1-1 
NC-1-2 

NC-2 CMC freeze drying 
solvent exchange 

NC-2-1 
NC-2-2 

NC-3 CMC freeze drying 
solvent exchange 

NC-3-1 
NC-3-2 

 

a) b) 

c) d) 
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Figure 2: Results of the porosity determination measured by 
Pascal 140 (macro pores); green - NC-1-1: freeze drying, 
red - NC-1-2: solvent exchange, black - NC-2-1: freeze 

drying. 

In contrast to the data above the measurements of meso 
pores show a more realistic picture of the pore sizes (Figure 
2). Surprisingly, the results between the both drying 
methods are not such different as expected (samples NC-1-
1 and NC-1-2). Divergence can be observed rather between 
the different starting materials. More meso pores appear 
obviously at the drying sample of oxidized cellulose. This 
tendency can also be detected by the data of the volumetric 
gas adsorption. The specific surface of the drying oxidized 
cellulose is greater than the CMC sample (Table 2). The 
determination of the volumetric gas adsorption was carried 
out by Sorptomatic 1990 with N2. The pore diameters and 
distribution can be estimated by using different model 
calculation. The BET model was used for this investigation.  
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Figure 3: Results of the porosity determination measured by 
Pascal 440 (meso pores); green - NC-1-1: freeze drying, red 
– NC-1-2: solvent exchange, black – NC-2-1: freeze drying. 

Table 2: Results of the volumetric gas adsorption 
measurements, the data for the specific surface are 

calculated by the BET model. 

Sample Drying method Specific surface [m2/g] 
NC-1-1 
ox. Cell. 

freeze drying 26,7 

NC-1-2 
ox. Cell. 

solvent exchange 29,4 

NC-2-1 
CMC 

freeze drying 16,5 

 
The SEM images show the specified structure explicitly 

(Figure 3). The surface is appeared smooth but also 
voluminous in contrast to the sample NC-1-2 (Figure 4) 
which was dried by solvent exchange and resulted a very 
compact and fibrous structure. In the lower resolution SEM 
image (Figure 4 right) fibrils are distinguishable. 
Apparently a reorganisation is observed during the drying 
process by solvent exchange. These pictures are conform 
with the mercury porosimetry mesuarements.  

 

  
Figure 4: SEM images of freeze dried sample NC-1-1 with 
different resolution. 

 

 
Figure 5: SEM images dried sample NC-1-2 by solvent 
exchange with different resolution. 

 
4.2 Rheological investigations after 
redispersion 

After drying of the sample with the described methods 
the samples were redispersed and investigated by viscosity 
measurements. Initially the dried samples were dispersed in 
water by magnetic stirrer or mechanical stirrer (e. g. glass 
or metal blade stirrer). The rheological investigations show 
a distinct lower viscosity of the redispersed sample in 
comparison to the original sample after the microfluidizer 
treatment (Figure 5, blue and red curves). But the viscosity 
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is closely in the same range after using a little bit more 
shear forces by an ultra turrax® treatment. These 
phenomena can be observed for example for the oxidized 
cellulose (NC-1).  

 

 
Figure 6: Rheological investigation of samples NC-1 after 
redispersion without (blue) and with (green) UT treatment 
in comparison with the starting nanodispersion (red). 

Differences were also shown by the optical comparison 
between the original and the redispersed sample (Figure 6). 
The redispersed sample is distinctly more turbid as the 
original sample despite the ultra turrax® treatment. The 
discussed differences are independent of the used drying 
methods. 

 

 
Figure 7: Optical comparison of sample NC-1 after 
microfluidizer treatment (left bottle) and after redispersion 
(right bottle) 

 
4.3 Film forming and barrier properties 

The most prepared samples can form films by very easy 
preparation. The resulted dispersion (1%, w/w) were cast 
on a glass plate or Petri dish. A film is obtained after the 
water is evaporated. In dependence of the appearance of the 
dispersion the films were transparent, turbid, colorless, 
white or yellow. For example, an opaque nanocellulosic 
dispersion of oxidized cellulose gave a clear, transparent, 
and colorless film. For the characterization of the oxygen 
and the vapor permeability a polylactid (PLA) film was 
layered by an oxidized nanocellulose film (Figure 8).  

 

  
Figure 8: SEM images of PLA film layered with oxidized 
nanocellulose film; cellulose surface (left) and cross section 
(right). 

The measurements of the permeability were done with 
an OxTran 2/21 modul of Mocon, with reference air 
containing 21 % O2, and carrier gas with 95 % N2 and 5 % 
H2. Table 3 shows the considerably decrease of the oxygen 
permeability of the PLA film layered with nanocellulose in 
comparison to the film without nanocellulose. The water 
vapor permeability was not influenced by the layered 
cellulose. 

 

Table 3: Oxygen and waterr vapor  permeability of PLA 
film layered with nanocellulose. 

Sample O2–TR 
[cm³mm/m²d] 

WDD100  
[g/m²d] 

PLA without NC 16,2 ± 0,7 33 ± 2 

PLA with NC < 0,1 38 ± 4 

 
 
 

5 CONCLUSION 
 
Stable cellulose dispersions with spherical cellulose 

particles with diameters in the nanometer-range and without 
fibrillated structures can be formed by an adequate 
pretreatment followed by a mechanical treatment in a high 
pressure homogenizer like a Microfluidizer® Processor.  

The prepared cellulosic nanodispersions show 
interesting rheological properties like hear thinning and 
thixotropic behavior. The formed hydrogels show good film 
forming properties and the resulted transparent films are 
characterized by a high oxygen barrier. 

It is possible to redisperse nanocellulose – the properties 
are comparable with them from the original material 
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