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Background and goal

The attractive properties of cellulose nanofibers and 
nanocrystals

Isolation of cellulose nanofibers and nanocrystals

Preparation of nanocellulose directly from wood



• Excellent physical properties 

• Biodegradability 

• Unique flow performance and liquid crystalline properties 
in suspensions 

• Good heat-transfer property and optical transparancy



• Crucial factors determining the physical dimensions and 
structures of nanocellulose—original material (all plants, 
some animals, fungi, algae); treatment conditions (pure 
mechanical method and chemical-mechanical method 
for nanofibrillation; acid hydrolysis conditions for 
preparing nanocrystals)

• Common materials for the prepartion of nanocellulose—
bioresources and commercial products

• Lack of research on obtaining nanocellulose from 
wood—complex constituents in wood cell walls; 
complicated treatments; results difficult to interpret



• Wood presents the majority of plants—the most abundant 
resources on Earth

• Increasing price of commercialized products such as MCC

• Few reports on the effect of chemical-mechanical 
treatment hydrolysis on the final structure, morphology, 
crystallinity and polymorphs of nanocellulose when wood 
is used as the starting materials

• Development of a methodology to prepare nanocellulose
with controlled structure, morphology



Delignification

Procedures

• 1. Preparation of cellulose from softwood flour

Wood flour

Dewax

Extractives-free 
wood particles

Holo-cellulose

Alkali treatment

α-cellulose



• 2. Preparation of two kinds of nanocellulose

Procedures

α-cellulose

(1% w/w water slurry)

Just grinding 
for 50 times 
without 
homogeni-
zation

Super 
Masscolloider (ultra 
fine grinder), 
Masuko Sanguo

Mechanical 
treatment--
fibrillation

type A : nanocellulose

α-cellulose aqueous 
suspension

Concentrated 
H2SO4

Heating

Centrifu-
gation

Dialysis

Sonication
type B : 
nanocellulose



Characterization

• Morphology

Type A nanocellulose
from wood flour 

(fabrillated one)

Type B nanocellulose
from wood flour 

(acid hydrolyzed one:

0.44% w/w)

Cellulose whiskers 
from MCC hydrolysis: 
0.44% w/w



Characterization

• Morphology 
Type A nanocellulose from wood flour (fabrillated one)

(the droplet on the mica is 150 times diluted from the original 1% w/w water suspension)



Type B nanocellulose from wood flour (acid hydrolyzed one)



AFM images of cellulose nanocrystals from different wood pulp 
with different acid hydrolysis conditions (scale bar = 1 μm) 
S. Beck-Candanedo, M. Roman, D.G. Gray. Effect of reaction conditions on the 
properties and behavior of wood cellulose nanocrystal suspensions. 
Biomacromolecules 2005, 6: 1048-1054



Characterization

• Flow properties—flow birefringence

Type B nanocellulose from wood 
flour (acid hydrolyzed one)

Cellulose whiskers from acid-
hydrolyzed MCC (some work in 
Prof. Oksman’s group before)



Characterization

• Flow properties—thixotropic behavior

Non-thixotropic behavior of 
0.44% w/w hydrogel (type B 
nanocellulose)before
agitation (on left) and 
immediately after agitation 
(on right)

Thixotropic behavior of 
4.9% w/w HPTMAC-CNC 
hydrogel before agitation 
(on left) and immediately 
after agitation (on right)
M. Hasani, D.G. Gray, et al.
“Cationic surface functionalization
of cellulose nanocrystals”. Soft 
Matter 2008, 4: 2238-2244



Characterization

• Crystallinity
Type B nanocellulose from wood flour (acid hydrolyzed one)
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Conclusion

• The cellulose nanofibers with very high aspect ratio can 
be readily prepared from wood only through grinding, 
based on the chemical treatment before the fibrillation.

• The chemical treatment before acid hydrolysis caused 
the partial cleavage of the elementary crystallites and 
recrystallization of cellulose I during hydrolysis, leading 
to the higher aspect ratio than that of CNW from MCC 
and wood pulp, the formation of hydrogel without any 
surface functionalization, showing special flow properties. 


