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From macro to nano

100 um—1cm particle ~3 nm: width of cellulose
100 um —1 mm cell: length crystal, the cell wall building
5-100 um cell: diameter block.

1-4pum cell wall: thickness

Microtomography of a

bagasse particle
(Isaac, Sket, Driemeier & Rocha, 2013)




Lignocellulose hierarchical nanostructure

moleculetg(c&é;t&zl

cellulose erystal (3-5 nm width)

fibrillar aggregate (10-40 nm width)
lamella (10-40 nm thickness)

cell wall thickness

cell
particle

How to deconstruct?

Fahlén and Salmén, 2005



Outline

E> * Nano changes in hydrothermal pretreatments
* Nano changes in mild alkaline pretreatments

* Mineral particles observed by microtomography



Nano changes in hydrothermal pretreatments

Opening of nanoscale pores

native

Cellulose co-crystallization

Lignin aggregation

@ pretreated
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Langan et al. 2014; Pingali et al. 2014



X-ray diffraction of sugarcane bagasse
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Increasing cellulose crystal width (co-crystallization)
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Calorimetric thermoporometry
determination of water in nano-confinement

Driemeier, Mendes, Oliveira 2012
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Hydrothermal, delignification, and porosity

1 Cane rind 1 Coconut fiber 1 Sisal
S 044 A 0.4 0.4
k=)
ug 0.2 e
g - e
® 1 e A
2 C 0.0 et
o 1 10 100
c
o
fe) 1 . ] . ]

— Cane pith % Pine Eucalyptus
E’ 0.4- X 0.4- 0.4+4 _a delignified
N b i =l T -
8 0 %# 0 ..r*;: ;17‘4 0 Af:f:,.— hydrothermal

.2 .24 A .2 .

I i Kt ol a7

| 4 j’ + /+§'+ 1 ),l:: ,‘,A’.._._.-.__._._. 1 - ::::/‘-_-.-.-._.-._._. .

0.0--nﬂgﬂ-‘------. e 0.0-4wepd=pdze—e 0 (.0- R
1 10 100 1 10 100 1 10 100

Pore diameter (nm)

Driemeier, Oliveira, Curvelo 2016

Hydrothermal and delignification increase nano porosity.

Hydrothermal has thermoporometric signature (@ FBW <4 nm).



lignhin <> pores <4 nm

Nano-irregularities at the surface
of lignin aggregates
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Outline

* Nano changes in hydrothermal pretreatments

j> * Nano changes in mild alkaline pretreatments

* Mineral particles observed by microtomography



Limits of hydrothermal pretreatments
(similar for dilute acid!)

Water only — no catalyst recovery

B Reactor high CAPEX

Reactor complex operation
Liquor toxicity

Lignin condensation

Nanoscale cohesion ~




DDR/DMR route for cellulosic ethanol
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Alkaline deacetylation in comparison

,l NaOH recovery

Reactor high CAPEX
Reactor complex operation
Liquor toxicity

Lignin condensation

Nanoscale cohesion
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Comparing nano changes

Yes Pore gains >10 nm Yes
Yes Lignin aggregation No

Yes Cellulose co-crystallization No



Outline

* Nano changes in hydrothermal pretreatments
* Nano changes in mild alkaline pretreatments

E> * Mineral particles observed by microtomography



1001 projections
Voxel 0.82 um
F. View: 1.6 mm

\

-Scnrew feeder
Reactor @ CTBE pilot plant

Mineral particles



3D visualization: minerals in bagasse

200 pym 202 pm

Caballero, Ling, Archilha, Ferreira, Driemeier (2017)



Particle cross-section
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Caballero, Ling, Archilha, Ferreira, Driemeier (2017)



Murnber of Particles

Number of Particles

Mineral particle morphometry
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Mineral particle localization

Macro location

Cell type External Crack Tissue (all macro Iocat-:_:rfi)l
Surface surface interior
Parenchyma (round) 4 14 33 51
Parenchyma (smashed) 8 26 37 71
VB fibers 0 0 8 8
Xylem vessel 0 2 2 4
Epidermis region 5 0 2 7
Undetermined 117 90 5 212
Total (all cell types) 134 132 87 353

Caballero, Ling, Archilha, Ferreira, Driemeier (2017)
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Summary

* Nano changes in hydrothermal pretreatments
— Opening of nanoscale pores
— Cellulose aggregation/co-crystallization
— Lignin aggregation

* Nano changes in mild alkaline pretreatments
— Opening of nanoscale pores
— No cellulose co-crystallization. No lignin aggregation

* Mineral particles in sugarcane bagasse
— Major problem in biomass valorization
— Non-invasive visualization (353 mineral particles)
— Locations: external surfaces, crack surfaces, inside parenchyma
— Biomass size, mineral size, soil mineralogy
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