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Softwoods Hardwoods

Conduction Tracheids Vessels
(Springwood)
Support Tracheids Fibers
(Summerwood)

Storage Parenchyma  Parenchyma



% Cellular Composition

Softwoods Hardwoods
Longitudinal tracheids 90% 0%
Vessels 0% 7 -55%
Fibers 0% 27 - 76%
Ray parenchyma 10% 5-25%

Axial parenchyma 0-1% 0-23%



Average Tracheid Length - SW

Redwood
Loblolly
Spruce

Cedar

(in millimeters)
7.39
4.33
3.81

1.18

(1.03)*
(0.91)
(0.52)
(0.29)
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% Volumetric Composition - HW

Vessels Fibers Rays Longitudinal
Parenchyma
Basswood 55.6 36.1 6.1 2.2
Hickory 6.5 655 20.1 8.1
Oak 21.6 435 214 13.5
Sweetgum 54.9 26.6 18.3 0.2
Maple 18.1 68.1 13.3 0.1
Yellow 36.6 49 14.2 0.2
Poplar
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Average (Cell Lengths - HW

( In millimeters) Vessels Fibers
Basswood 43 + .09* 1.21+£0.17*
Hickory 47 + .09 1.34 +£0.28
Oak 42 +.09 1.32 £0.29
Sweetgum 1.32 +.30 1.82+0.16
Maple 42 + .05 92 +0.12
Yellow Poplar .89 +0.13 1.74 +£0.29

* One Standard Deviation
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Figure 2.2 Light photomicrographs of fibre preparations illustrating the morpholo-
differences between softwood and hardwood commercial pulps:
(a) bleached sulfate pine (softwood), (b) bleached sulfate eucalyptus

(hardwood). Scale bar = 200 pm.
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Figure 1.2 Light photomicragraph illustrating morphological differences detween cell and fibre bpes of mem-uvody pulps: (a) straw (stem
residue), (b) cotion (seed haiz), (¢) flax (stem), (d) Abaca-Manilla hemp (leaf fidre). All fibre preparations have been stained for
clarity. Scale bar = 200 uym,
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Plant cell with part
} of wall cut away

Crystalline region
(= micelle)

Elementary fibril ~7x3x60 nm

Cellulose chains arranged
in a crystalline lattice

Unit cell of
cellulose

Figure 2.5 The molecular architecture of the cellulose molecule showing its relation-
ship to the microfibrils and to the total cell wall.
(Source: Adapted from wvarious sources including: P.A. Moss,
PhD Thesis, University of Manchester, 1990; ‘Electron Micro-
scopy and Plant Ultrastructure’, A.W. Robards, McGraw-Hill,
NY, 1970).
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Nano-fibril Preparation
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Figure 1.4, Schematic model of the preparation of individualized cellulose nanofibril
CNF ° by TEMPO-mediated oxidation and subsequent disintegration process.
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Nano-fibril Preparation
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Nano-fibril Preparation
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TEMPO- mediated oxidation of cellulose
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Figure 1.3. Scheme of TEMPO-mediated oxidation of cellulose at alkaline condition.
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Figure 1.4. Schematic model of the preparation of individualized cellulose nanofibril
by TEMPO-mediated oxidation and subsequent disintegration process.
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Figure 8. TEM images of dispersions of the TEMPO-oxidzed
celluloses with carboxylate contents of 0.9 and 1.5 mmolg. Images
were taken after stmng in water for 10 days.
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Structure of wood pulp fibres

Figure 1 Structure of wood pulp fibres. (a) Note the network of microfibrils covering the outer wall layer. (b) Microtomed cross section
showing the 51, 52 and 53 layers. () Cross-sectional fracture area, showing the microfibrils in the 52 layer. Reproduced and modified from
Chinga-Carrasco 111
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Films made of cellulose materials with a grammage of 20

g/m2.

(A) Control film made of 100% P.

W

A

i E

D

"

F'

1 mm

Figure 3 Films made of cellulose materials with a grammage of 20 g/m? (A) Control film made of 100% P. radiata pulp fibres. (B) Film
made of MFC, homogenised with three passes and 1,000 bar pressure. [€) Film made of MFC, homogenised with five passes and 1,000 bar
pressure. (D) Film made of MFC produced with TEMPO-pre-treated fibres, three passes and 200 bar pressure. (E) Film made of MFC produced
with TEMPO-pre-treated fibres, three passes and 600 bar pressure, (D) Film made of MFC produced with TEMPO-pre-treated fibres, five pases
and 1,000 bar pressure, Dark threadlike structures indicate poody fibrillated fibres or fibre fragments The lighter the local areas, the higher the

transparency levels. For details, see Syverud et al. [35]

(B) Film made of MFC,
homogenised with three passes
and 1,000 bar pressure.

(C) Film made of MFC,
homogenised with five passes
and 1,000 bar pressure.

(D) Film made of MFC produced
with TEMPO-pre-treated fibres,
three passes and 200 bar
pressure.

(E) Film made of MFC produced
with TEMPO-pre-treated fibres,
three passes and 600 bar
pressure.

(F) Film made of MFC produced
with TEMPO-pre-treated fibres,
five passes and 1,000 bar
pressure.
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Structure of Film from Microfribillated cellulose

Nanofibrils SH Nanofibrils

Relatively rough surface

10 pm EHT = 300V  Sigral & = BE2 10 um EHT= 200 kv  Egnal i =5E2
W= Spm Mag= 100K X A Wh= 5 mim Mag= 100KX B

Figure 4 Surfaces of films (20 g;"mz]l made of microfibrillated cellulose. (A) MFC obtained by mechanical homogenisation. The image
corresponds to the film shown in Figure 3C. (B) MFC obtained with TEMPO-mediated oxidation as pre-treatment and mechanical
homaogenisation. The image corresponds to the film shown in Figure 3F. The insets in (A) and (B) represent the surface structure visualised at
50000x magnification from areas without a metallic coating. Both MFC materials have been collected after passing five times through the
homaogeniser, at 1,000 bar, For details, see Chinga-Carrasco et al [16].
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Microfribillated cellulose suspended on glass slide

7 A

o

Fibre fragment e

10 pm EHT = 3.00&Y  Sigral A= EE2 10 um EHT = 300 Ky  Egnal A= 5EZ
— W= Smm  Mags 500X A WD= Gmm  Meag= 100KX B

Figure 5 Microfibrillated cellulose suspensions dried on glass slides. (A) MFC cbtained by mechanical homogenisation. Note the relatively
large structures remaining after a homaogenisation process. The inset shows structures composed mainly of nanofibrils. (B) MFC obtained with
TEMPO-mediated oxidation as pretreatrment and mechanical homagenisation. The inset shows the nanofibrils having relatively homaogeneous

sizes. Both MFC materials (A and B) have been collected after passing five times through the homogeniser, at 1,000 bar.
b )
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Fig. 6 The effect of MFC content and the addition of cationic polyelectrolytes on the
drainage of a pulp suspension. 60 minbe aten pulp with a fines, b fines removed was
used. Cationic polyelectrolytes were added in relation to their specific charge

density (meq/g), CS 15 mg/g. Sample MFCMS5. A vacuum of 15 kPa and a 76 Im opening
(200 mesh) wire cloth was used in the DDA apparatus
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