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Abstract 
This study is an attempt to evaluate the costs for the production of cellulose nanofibers (CNF) obtained by TEMPO mediated oxidation followed by an homogenization 
step. The costs for the production of cellulose nanofibers have been divided in energy costs and chemicals costs. This evaluation has been carried for each step 
considering three differential stages: i) disintegration; ii) pre-treatment by TEMPO-oxidation; iii) Passes through homogenizer (GEA NEO Souavi, working at 600 bar) 
until more than 90% of microfibrillation is obtained. In the present study pine bleached Kraft fibers were used as raw material, and non-beating process was applied as 
pretreatment. The measurement of the energy consumption was done by means of appropriate energy analyzers in each case. 
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Step 1- Disintegration step, only the cost of the energy consumed by the disintegrator (rotor) 
is considered. The energy analyzer applied to this step (SOCOMEC �t DIRIS A20) provides a 
direct value of the power consumed in this step. The value of the specific energy consumed 
is given in kWh/kg and the cost of the energy was of 0.08�¦/kwh. In the present experiment, 
30 g of pine slurry at 1.5% consistency were submitted to working at 3000 rpm for 30 
minutes.  
 
Step 2- TEMPO-oxidation pre-treatment, both costs (energy consumption and chemicals) are 
taken into account. Here, the expense on energy is basically to maintain the fibers in 
suspension (agitation), and was also measure by the same power analyzer (SOCOMEC �t 
DIRIS A20). Regarding the chemicals consumption, 3 levels of fiber oxidation were assayed, 
named as low level of oxidation (580 �Peq·g -COOH/g of cellulose), medium level of oxidation 
(980�Peq·g -COOH/g of cellulose), and high level of oxidation (1150 �Peq·g -COOH/g of 
cellulose). The cost per kilo of chemicals was estimated considering the price of each 
chemical (TEMPO, NaBr, NaClO and NaOH). It is worth to mention that, at this step, the 
recovery of the catalyzer TEMPO has been pointed out.  
 
Step 3-  The cost associated to energy consumption is the main contribution to the global 
production costs. For each level of oxidation, different number of passes through the 
homogenizer was applied in order to get a microfibrillation rate up to 90%, which were 6, 3 
and 2 passes respectively for the low, medium and high oxidation level. In this case, a 
triphasic analyzer was employed to measure the value of the energy utilized during 
homogenization (CIRCUTOR CVM-C10). 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison between energy costs and chemicals costs during the global 
process of CNF production, for three different TEMPO oxidation levels. It is 
considered that TEMPO catalyser is recovered around 95% at the end.  
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
�t The level of oxidation increase the energy consumption during oxidation process and 

diminishes the energy needed during homogenization (Fig. 3). 
�t For the production of CNF by TEMPO-mediated oxidation, the costs of chemicals are 

higher than the costs of the energy (Fig 4), in the present conditions. 
�t The  global costs (energy and chemicals) to produce CNF are independent to the 

oxidation state (Fig. 4).  
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Introduction 
 
The microfibrilation is a process 
that aims to de-structure 
cellulose fibers into their 
elemental microfibrils.  
In this process, cellulose fiber 
diameters breakdown from �‡��=  
15 �Pm to a �‡��� ��3-10 nm, as 
shown in the picture. 
 

source: T. Zimmermann. Cellulose (2011) 

Results and discussion 
 

Specific energy consumption (kwh/kg) for CNF production 
during oxidation and homogenization processes for different 
oxidation levels: 

Fig. 1 

Fig. 2 

Experimental 
The  main steps of the process to produce CNF are described in figure 2 : 
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Fig. 4 


