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Cellulose Nanofibril (CNF)
| Fgllulosg nanofibrils
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Classical ways to produce MFC
» CCPp

centre fechnigue
du papier

High pressure homogenizer"" Grinding " Microfluidizer "*

Inlet suspension

!

Inlet suspension

;

Impact ring Outlet suspension

Static stone

Valve seat

A 4

Outlet suspension Outlet suspension

Outlet suspension

Rotative stone

Valve

2,3,4

Low solid content : 0,5-4 wt% - High transportation & drying costs
High energy consumption : 8-70 MWh/t

Rashki et al. Cellulose nanofibrils manufactured by various methods with application as paper strength additives, Frontiers in Bioengineering and Biotechnology (2021).
Turbak et al, Microfibrillated cellulose, a new cellulose product: properties, uses, and commercial potential, J. Appl. Polym. Sci.: Appl. Polym. Symp. 37 (1983).

Herrick et al, Microfibrillated cellulose: morphology and accessibility, J. Appl. Polym. Sci.: Appl. Polym. Symp. 37 (1983).

Nechyporchuk et al, Current Progress in Rheology of Cellulose Nanofibril Suspensions, /ndustrial Crops and Products 93, 2-25 (2016)




Classical ways to produce MFC
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b Y Refiner
+ Industrial scale
- Process instabilities, limited CNF prop.

Twin-screw extruder
+ High solid content
- Medium prop.
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- Many passes
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Gabriel BANVILLET, PhD thesis (2021) 6



NFC production by twin screw extrusion
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“Process for the
production of
microfibrillated cellulose
in an extruder and
microfibrillated cellulose
produced according to
the process”

201

1. Stora Enso, WO02011051882A1

2. Ho et al,Cellulose (2014)

3. Fleur ROL, PhD thesis (2019)

4. Banvillet et al,, BioResource Technology, (2021) 7
5. Banvillet ef al,, Cellulose, (2023)
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.Material and methods cene ecricue
Birch fibers
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TSE parameters - Ctp
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TSE : 20 wt%, 10°C chiller, 400 rpm,|1 & 5 passes
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TSE parameters - Ctp
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Energy consumption
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Torque stability - ctp
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Residence time L Yewm
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Temperature and solid content
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Stability conclusions
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Mech+Enz

« Lower energy consumption (1P =1000 kWh/T)

Constant and low torque among passes

e Stable residence time and mass flow

* No water losses

« Controlled temperature process
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Nanosize characterization
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[ « Bottom-up Construction of Xylan Nanocrystals in Dimethyl Sulfoxide ». Biomacromolecules, 2021
epurposing Xylan Biowastes for Sustainable Household Detergents ». ACS Sustainable Chemistry & Engineering 2023.
Cellulose Nanofibril Production by the Combined Use of Four Mechanical Fibrillation Processes with Different Destructuration Effects ». Cellulose 2023
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Mag= 50.00 KX Signal A = InLens Aperture No. = 1 Grenoble INP - CMTC Mag= 50.00 KX Signal A = InLens Aperture No. = 1 Grenoble INP - CMTC
EHT = 3.00 kV WD = 5.0 mm Aperture Size = 30.00 pm Date .21 Feb 2023 EHT = 3.00 kv WD = 4.8 mm Aperture Size = 30.00 pm Date :21 Feb 2023
High Current = Off High Current = Off
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TEMPO

Mag= 50.00 KX Signal A=InLens Aperture MNo. = 1 Grenoble INP - CMTC Mag= 50.00 KX Signal A = InLens Aperture No. = 1 Grenoble INP- CMTC
EHT = 3.00 kv WD = 6.0 mm Aperture Size = 30.00 um Date :21 Feb 2023 EHT = 3.00 KV WD = 5.4 mm Aperture Size = 20,00 pm Date :21 Feb 2023
High Current = Off High Current = Off
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Mechanical properties - Cctp
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Conclusion
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® Mech + Enz - Stable TSE process (SME, C, t, g, Sc, T°)
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©® High NF after 5P - XNC creation ?

@ Poor mechanical properties = dispersion / CNF morphologies / Sugars
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