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Nanocomposites materials reinforced with cellulose w hiskers 
from new source: Capim Dourado

H.Abdillahi, G. Siqueira, J. Bras, A. Dufresne
LGP2 – Laboratory of Pulp and  Paper Science - 461, R ue de la Papeterie – BP 65  - 38402 Saint Martin d'Hèr es Cedex – France
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1- Bleaching

Treatment with 4 wt % NaOH
Bleaching with NaClO2;

CH3CO2H / NaOH and H20

2 – Acid hydrolysis

T = 45 - 50°C
60 min

Mechanical stirring

3 – Nanocomposites

Natural rubber-based 
nanocomposites materials 

reinforced by the cellulose whiskers

Chemical 
Composition

Cellulose Whiskers Nanocomposite
films

Objective Objective 
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Fibers 
lignocellulosics

Conclusion & Perspectives Conclusion & Perspectives 

The object of our project was the valorization of the Capim Dourado by characterizing the chemical 
composition and extraction of cellulose nanocrystals (whiskers). The morphological, chemical and 
physical properties of CD fibers were first characterized. Lignin, hemicelluloses and other constituents 
contents were determined Secondly, cellulose whiskers were obtained by extraction from CD to be 
applied as a reinforcing phase for nanocomposites materials. The extracted Whiskers were 
characterised by transmission electronic microscopy (TEM) and XRD. Natural rubber-based 
nanocomposite materials reinforced with this whiskers cellulose were prepared and mechanical 
analysis was carried out of its nanocomposite films. 

Characterizations of fibers

Chemical 
compositions 

Lignin
T 222 om-88

Holocellulose
T257 om-85

Extracts
T211 om-85 & 
T264 om-88

Cellulose

Hemicelluloses

Milled and Dried Vegetal Matter

Alkali Treatment (80 °C)

NaOH 4 % (wt)

Bleaching Treatment (70 °C)

NaClO2 / Acetate buffer / H 2O (pH = 4,9)

Hydrolysis H 2SO4 (65%wt/wt)

60 min 

Dialysis 

Whiskers 

Nanoparticles
preparation

Films preparation

Characterizations: TEM, SEM, XRD, Mechanical Properties

6,5 ± 0,7

67 ± 1,4

23 ± 0,5

1,2 ± 0,2

0,75

Lignin

Cellulose 

Hemicelluloses

Ash

CH2Cl2 extractible

Capim Dourado fibers contents (wt %)Constituents

Characterizations of the 
whiskers

SEM

Fibers

0

10000

20000

30000

40000

50000

60000

70000

80000

5,00 15,00 25,00 35,00 45,00
2�

Intensity
 (counts)

Cellulose Whiskers

Cellulose

Capim Dourado
fiber

XRD

CrI fibers      = 70,1%

CrI cellulose = 80,5%

CrI whiskers = 91%

15%

13%

Sample E (MPa) � R (MPa) � R (%)
NR-W 0 %
NR-W 2.5 %
NR-W 5%
NR-W 10%

0.64 ± 0.12
4,52 ± 1,78
20.9 ± 6.26

165,3 ± 22.57

0.6 ± 0.11
1,37 ± 0.44
3,44 ± 0.37
7,2 ± 0.55

464,5 ± 125,4
214,6 ± 10,58
94,41 ± 27.34 

51,88 ± 53

Mechanical properties of NR/cellulose nanocrystals 
nanocomposite films obtained from the tensile tests: stress at 
break (� R), strain at break (� R) and Young modulus (E).
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Fibers curve

Average arithmetic length = 312µm

Average curve = 4,6%

Average curve = 128,06°

Average width = 29,6µm

MORFI

We illustrated that the capim dourado contains a  important quantity of holocellulose. We showed that cellulose nanocrystals extracted from Capim Dourado induce a 
high reinforcing effect in natural rubber (NR). Both the rubbery modulus and the stress at break increase. The surface chemical modification of the nanoparticles could 
perhaps still improve the mechanical properties of the nanocomposites. It would be also interesting to check if a water-soluble material as hyaluronic acid would 
improve the stability of the interface matrix / whiskers and consequently increase the mechanical properties.
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E = f (wt% W)
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Important reinforcement effect

Transmission electron microscopy

The average length of the capim dourado  
cellulose whiskers is 289 nm with a width of  
6,2 nm. The average aspect ratio is 46. The 
measured average whiskers dimensions result in a 
percolation threshold value � RC is 1,5%
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Date Palm tree

Capim Dourado

Evolution Young modulus with whiskers content: 
comparison of whiskers from Palme tree and those 
from Capim Dourado

It would be interesting to compare whiskers 
from palm tree against those from Capim
Dourado prepared in the same conditions.

Chemical composition

Characterizations of 
nanocomposites

Dynamic Mechanical analysis

Tensile tests

Stirring during 8h at room temperature

Water suspension of Whiskers
+

Rubber suspension

Vacuum degassing

Molding the degassed suspension in Teflon mold

Water evaporation at 40°C

Nanocomposite films

Much more rigid 
structure

than flax and sisal
sisal

flax

Capim Dourado

tang_delta NR-Whiskers 
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(a) Logarithm of the storage tensile modulus E’, and (b) loss angle tan 
� versus temperature at 1Hz for NR-W 0% , NR-W 2,5%, NR-W 10%
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