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é with a lot of heterogeneities

3-scale
material
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All part of CNF

A Poorly defibrillated fiber¢>m) — =— suspensions

A Nanofibrils(nm)
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No unique device to characterize all at the same tinse
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Context

oward Quality Index method

- A Characterization of aomplex materia) with high
Challenges?® heterogeneities and 3 scale analysis
A Establishment ofjuantitative ranking
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A CNF benchmarking
Possible applications? A Production control
A Energy consumption analysis
A Influence of process parameters
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Context
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1 suspension = 1 unigue grade

CNF PRODUCTION: LARGE AMOUNT OF POSSIBILITIES

Large possibilities

MORPHOLOGY?
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INTERACTIONS?
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& Lot of different properties
& defining a CNF suspension
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Material&Methods y

Which tools of characterization?

Property

Characterization method

Amount of nanomaterials

>

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

Fractionation by centrifugation or gravitometr¢Ahola et al., 2008; Besbes et al., 2011; Moser et al.,
Naderi et al., 2015)

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

Average particle size/sizq
distribution

Light scattering measurement (Moser et al., 2015)

Transmittance at 550nm (Ugpectroscopy(ChingaCarrasco, 2013; Moser et al., 2015)
Turbidity (ChingaCarrasco, 2013)

Microscopy (SEM, TEM, AFM)

Rheology (viscosity, yield
stress, gel point, aspect
ratio)

Rheometers (cone/plate or plate/plate geometriPa@kkéet al., 2007)
Brookfield viscosit(Moser et al., 2015)
Couetterheometer(Nechyporchulet al., 2014)

Visual aspect

Optical MicroscopgOksmaret al., 2009)

Scanning electron microscope (SE®hifgaCarrasco, 2013)
Transmission electron microscope (TEM) (Qing et al., 2013)
Atomic force microscopy (AFM)

Crystallinity

X-ray diffraction (XRD) (lwamoto et al., 2008; Qing et al., 2013)

Water retention

WRYV (Carrillo et al., 201Mpegeret al., 2013)

Degree of polymerization

Viscosity measurement in Cuem solution (Moser et al., 2015; Qing et al., 2013)

Specific surface area

X-ray scattering (SAXS) (Leppénen et al., 2010)
N2 adsorption (BET) (Paakko et al., 2007)

Surface charge and
chemistry

Conductimetric titration (Saito et al., 2007)
Polyelectrolyte (PE) titration (Junka et al., 2013)
Zeta potential (Eronen et al., 2012)

X-ray photoelectron spectroscopy (XPS)

Fourier Transform Infrared (Johansson et al., 2011)
Spectroscopy (FIR) (Saito et al., 2006)

Mechanical properties
(onnanopapers

Strength properties on nanopapers, Instrq@ing et al., 2013)
Viscoelastic properties of nanopapers (Dynamic mechanical analysis, DMA)
Tear resistance

Network density
(onnanopaper$
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Air permeability (Vase delariotte, Bendsef
Porosity (calculation from basis weight and thickne¢®jing et al., 2013)
Transparency (Haze meter)
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~ Material&Methods
Characterization tools

Optical microscopeAveragesize (im) Characterizatiof macropart of the
OpticalmicroscopeHomogeneity(%) suspension
Nanosizedraction (%) Quantityof nanoparticles
Turbidity(NTU) Dimensions ohanoparticles
FilmTransparencyo) Particlesdimensions

NFC interactions, surface area, NFC

Film TearesistancgmN) dimensions

Fim . 2 dzVBdukis(GP3 NFC interactions, surface area, NFC

'-* dimensions
f INDIRECT FilmPorosity Particlesdimensions
‘ A Principal factors considered: cost, ease and speed
1 A 8 criteria (redundancy) to overcome lack of advances technology
i A Characterization of both macro and micro part
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From raw values to Quality Index

Characterization value

Conversion lables

Trend curves
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With 4 parameters
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With 8 parameters
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Equations determination

12

Nanosized fractlon‘
Turbidity
~ Young's modulus |

Tear resistance )

' OM Macro Iéngth

OM Homogeneity

Equation

y=0,1*x

y=(-0,01*x)+11

y =-0,035x2 + 1,27x

y=-0,16x+114

y=1,65In(x) +2,7

y =-3,59In(x) + 20,7

y=-2,67In(x) + 12,8

y =0,18x
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Quality Index modeling

Results&Discussion

QI=0,2,+(-0,02%,)-0,035,2+1,2%,-0,16 +1,65Ink:)-3,59In.)-
2,67In{,)+0,18 +69,6

X1:Nanosizedf N} O A2y &320Z

HY

¢ dzND AGR, H4e Porogityt (%)) X5:

Transmittance (%), X6: Tear resistamo®), x7: Macro length (um), X8: Homogeneity (%)

Characterization Direct/indirect Information CNF from R eucalyptug Grade/10 Q.l.and Q.1.*
A i fmi ticl
s SIZ: 2 $|L'():ropar e Characterization of the 59>Y -b.& 8.1
Homogeneity (%) Direct macropart 42.6 % +/5.00 7.7 Complete ch):/JIeIing
: : - Q.l.=75.0 +/5.7
Nanosized fraction (og) | (O SuSPension) Quantity of particles at 67.5% +13.5 6.7
nanoscale
Turbidity (NTU) Dimensims 242.2 NTU +/4,516 8.6 Sjmplifiedmodeling
. Q.I.*=81.8+/3.7
Transmittance at 550nm (% 4.21% +/0,420 51
Tear resistance (mN) Indirect Interactions, surface 38 mN +£8.0 7.6
o 2dzy3Qa a2 RdA(@RaNGPIPE) ||y area, dimensions 11.2 +£0.570 9.8
Porosity (%) 33.4% +/3.34 6.1

LGP
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Results&Discussion

A —_—

Influence of energy consumption on Q.I.

= CNF produced from refined eucalyptus

A Begginingof defibrillation is

L I determinant

A Then, reach of a stabilization

A 42%of the total energy

consumptionis consumed for

a Q.lincrease 0%

A 800¢/tones could be

economized

0

r
G
!

2000 4000 6000 8000 10000 12000 14000
Energy consumption (kwh/t)

Q.l. possible application: control of industrial quality, controtoérgy
consumption reduction ofproduction cost
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Quality Index
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Results&Discussion

S— —

Influence of pulp source and preparation

pu'p treatment Easier defibrillation thanks to:

Commercial pulp

Refined )
A Limitation ofhornification

. phenomenon

A Limitation ofmicrofibrils
aggregations, repulsive force
(carboxylic groups)

A Hydratation fibrillation, fiber
cutting

Better defibrillation obtained fromnever driedand pre-refined pulp, with high

hemicellulosecontent
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| Results&Discussion ‘

A

Comparative analysis of commercial sources

Commercial benchmarking

Enzymatic commercial CNF
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Quality Index
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A ldentification of some extremal valuesA Q.. allow also to check the A Higher quality for charged
A Make a like with cost and application  repeatability of production CNF

LGPZ 13
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Results&Discussion

Matrix correlation table

Macro length Homogeneity Nanosized fraction Turbidity Transparency Tearresistance Young's modulus Porosity

Macro length (M.L.)

Homogeneity (H)

Nanosized fraction (N.F.)

Turbidity (Tnry)

Transparency (Tsso)

Tear resistance (Tg)

Young's modulus (E))

Porosity (P°

LGP

+ PCA
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