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A lot of CNF suspensionsé. 
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Nechyporchuk, Belgacem, Bras 

Production of cellulose nanofibrils: a review of recent advances, 

Ind crops (2016), in press 

How differentiate 
them? 



é with a lot of heterogeneities 
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Á Residual fibers (mm) 
 

Á Poorly defibrillated fibers ( m˃) 
 

Á Nanofibrils (nm) 

All part of CNF 
suspensions 

No unique device to characterize all at the same time 



é with a lot of heterogeneities 
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Same materialé 



Toward Quality Index method 
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Challenges? 

5ŜŦƛƴƛǘƛƻƴ ƻŦ άvǳŀƭƛǘȅέΚ 

For who? 

Possible applications? 

άhomogeneous suspension in term of both 
dispersion and size repartition, with nanometric 

dimensionsέ 

Á CNF benchmarking 
Á Production control 
Á Energy consumption analysis 
Á Influence of process parameters 
ÁΧ 

Á Characterization of a complex material, with high 
heterogeneities and 3 scale analysis 

Á Establishment of quantitative ranking  
 



1 suspension = 1 unique grade 
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Multi criteria analysis 

1 unique grade 

Large possibilities 

Lot of different properties 
defining a CNF suspension 



Which tools of characterization? 
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Property Characterization method 

Device cost 

/Availability in 

industry 

Expertise 

requirement 

Time-

consuming 

Amount of nanomaterials 

Á Mechanical fractionation by combination of sieves and membranes (Tanaka, 2012) 

Á Fractionation by centrifugation or gravitometry (Ahola et al., 2008; Besbes et al., 2011; Moser et al., 2015; 

Naderi et al., 2015) 

Á Field/tube fractionation (Haapala et al., 2013) 

Classic equipments 

Classic equipment 

Expensive 

High 

  

Low 

 High 

High 

  

Medium  

High 

Average particle size/size 

distribution 

Á Light scattering measurement (Moser et al., 2015) 

Á Transmittance at 550nm (UV-spectroscopy) (Chinga-Carrasco, 2013; Moser et al., 2015) 

Á Turbidity (Chinga-Carrasco, 2013) 

Á Microscopy (SEM, TEM, AFM) 

Expensive  

Classic equipment 

Classic equipment 

Expensive 

High 

Low 

Low 

High 

Low 

Low 

Low 

High 

Rheology (viscosity, yield 

stress, gel point, aspect 

ratio) 

Á Rheometers (cone/plate or plate/plate geometry) (Pääkkö et al., 2007) 

Á Brookfield viscosity (Moser et al., 2015) 

Á Couette rheometer (Nechyporchuk et al., 2014) 

Classic equipment 

Classic equipment 

Expensive 

High 

Low 

High 

High 

Low 

High 

Visual aspect 

Á Optical Microscope (Oksman et al., 2009) 

Á Scanning electron microscope (SEM) (Chinga-Carrasco, 2013) 

Á Transmission electron microscope (TEM) (Qing et al., 2013) 

Á Atomic force microscopy (AFM) 

Classic equipment 

Expensive 

Expensive 

Expensive 

Low 

High 

High 

High 

Low 

High 

High 

High 

Crystallinity Á X-ray diffraction (XRD) (Iwamoto et al., 2008; Qing et al., 2013) Expensive Medium Low 

Water retention Á WRV (Carrillo et al., 2014; Hoeger et al., 2013)        

Degree of polymerization Á Viscosity measurement in Cuem solution (Moser et al., 2015; Qing et al., 2013) Medium Medium Low 

Specific surface area 
Á X-ray scattering (SAXS) (Leppänen et al., 2010) 

Á N2 adsorption (BET) (Pääkkö et al., 2007) 

Expensive 

Expensive 

High 

High 

High 

High 

Surface charge and 

chemistry 

Á Conductimetric titration (Saito et al., 2007) 

Á Polyelectrolyte (PE) titration (Junka et al., 2013) 

Á Zeta potential (Eronen et al., 2012) 

Á X-ray photoelectron spectroscopy (XPS) 

Á Fourier Transform Infrared (Johansson et al., 2011) 

Á Spectroscopy (FT-IR) (Saito et al., 2006) 

Classic equipment 

Classic equipment 

Expensive 

Expensive 

 

Classic equipment 

Low 

Medium 

High 

High 

 

High 

High 

Low 

Low 

Low 

 

Low 

Mechanical properties 

 (on nanopapers) 

Á Strength properties on nanopapers, Instron (Qing et al., 2013) 

Á Visco-elastic properties of nanopapers (Dynamic mechanical analysis, DMA) 

Á Tear resistance 

Classic equipment 

Expensive 

Classic equipment 

Low 

High 

Low 

Low 

Low 

Low 

Network density 

(on nanopapers) 

Á Air permeability (Vase de Mariotte, Bendsen) 

Á Porosity (calculation from basis weight and thickness) (Qing et al., 2013) 

Á Transparency (Haze meter)   

Classic equipment 

Classic equipments 

Expensive 

Low 

Low 

Low 

Medium 

Low 

Low 



Characterization tools 
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Characterization Information 

Optical microscope: Average size (um) Characterization of macro-part of the 
suspension Optical microscope: Homogeneity (%) 

Nanosized fraction (%) Quantity of nanoparticles 

Turbidity (NTU) Dimensions of nanoparticles 

Film Transparency (%) Particles dimensions 

Film Tear resistance (mN) 
NFC interactions, surface area, NFC 

dimensions 

Film ̧ ƻǳƴƎΩǎ Modulus (GPa) 
NFC interactions, surface area, NFC 

dimensions 

Film Porosity Particles dimensions   

Á Principal factors considered: cost, ease and speed 

Á 8 criteria (redundancy) to overcome lack of advances technology 

Á Characterization of both macro and micro part 



From raw values to Quality Index 
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Quality Index modeling 
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QI =0,2 +(-0,02* )-0,035 2+1,27 -0,16 +1,65ln( )-3,59ln( )-
2,67ln( )+0,18 +69,6 

X1: Nanosized ŦǊŀŎǘƛƻƴ ό҈ύΣ ·нΥ ¢ǳǊōƛŘƛǘȅ όb¢¦ύΣ ·оΥ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ όGpa), X4: Porosity (%), X5: 
Transmittance (%), X6: Tear resistance (mN), x7: Macro length (um), X8: Homogeneity (%) 

Characterization Direct/indirect Information CNF from R eucalyptus Grade /10 Q.I. and Q.I.* 

Average size of microparticles 

ό˃Ƴύ 

Direct 

(On suspension) 

Characterization of the 

macro-part 

5.9 ˃ Ƴ Ҍκ- 1.0 8.1   

Complete modeling 

Q.I. = 75.0 +/- 5.7 

  

Sjmplified modeling 

Q.I.* = 81.8 +/- 3.7 

  

  

  

Homogeneity(%) 42.6 % +/- 5.00 7.7 

Nanosized fraction (%) 
Quantity of particles at 

nanoscale 
67.5% +/- 13.5 6.7 

Turbidity (NTU) Dimensions 242.2 NTU +/- 4,516 8.6 

Transmittance at 550nm (%) 

Indirect 

(On nanopaper) 

Interactions, surface 

area, dimensions 

4.21% +/- 0,420 5.1 

Tear resistance (mN) 38 mN +/- 8.0 7.6 

¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ όDtŀύ 11.2 +/- 0.570 9.8 

Porosity (%) 33.4% +/- 3.34 6.1 



Influence of energy consumption on Q.I. 
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Á Beggining of defibrillation is 
determinant 

 
Á Then, reach of a stabilization 
 
Á 42% of the total energy 

consumption is consumed for 
a Q.I. increase of 9%  
 

Á 800ϵ/tones could be 
economized 

Q.I. possible application: control of industrial quality, control of energy 
consumption, reduction of production cost 
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Influence of pulp source and preparation 

12 

Context Material&Methods Results&Discussion Conclusion&Perspectives 

Better defibrillation obtained from never dried and pre-refined pulp, with high 
hemicellulose content (Confirmation with Literature results) 

Easier defibrillation thanks to: 
 

Á Limitation of hornification 
phenomenon 
 

Á Limitation of microfibrils 
aggregations, repulsive force 
(carboxylic groups) 
 

Á Hydratation, fibrillation, fiber 
cutting 



Comparative analysis of commercial sources 
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Á Identification of some extremal values 
Á Make a like with cost and application 

 

Á Q.I. allow also to check the 
repeatability of production 
 

Á Higher quality for charged 
CNF 
 



Matrix correlation table 
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+ PCA 




