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A semiconductor in nature.

Its natural existence in two principal polymorphs: Anatase, Rutile

Titanium Dioxide

Rutile
Anatase

TiO2 Anatase NP act as photocatalytic agent when exposed to UV rays

 Applications in anti bacterial and self cleaning wall paints/coatings formulation [1]

[1] Shi et al., 2012
[2] Smijs et al., 2011

TiO2 Rutile NP act as filter to UV rays

 Applications in sunscreen and other beauty products formulation [2]



Principal source of Cellulose Nanocrystals: Cellulose fibers

Availability : Highly Abundant

Acid hydrolysis yields rod-like solid nanocrystals (0.2–1 µm in length and 4–5 nm in
width)

Cellulose Nanocrystals (CNC) are hydrophilic in nature [3]

 Highly dispersible in water

BIOSOURCE COMPONENT: Cellulose Nanocrystals

[3] Klemm et al., 2011



OBJECTIVES

Cellulose 
Nanocrystals (CNC)

In-situ synthesis & grafting of 
TiO2 nanoparticles (NP)

 In-situ synthesis & grafting of Titanium dioxide nanoparticles (TiO2 NP) on Cellulose
Nanocrystals (CNC)

 Study of interaction between TiO2 NP and CNC

 Optimization of the chemical synthesis process for a maximum dispersion and specific
surface area of TiO2 NP



TiO2 NP Potentially harmful [4-6] to the humans as well as to the environment upon exposure [7-11]

• Ingestion (medicine, candies, food packings…)

• Dermal contact (sunscreen…)

• Inhalation (release during mechanical solicitations and environmental weathering of NP reinforced wall paints)

By associating TiO2 NP with CNC, we BELIEVE the overall toxicity can be reduced !!

[10] Shandilya et al.,  2015b
[11] Shandilya et al., 2014

A large consumer products range is treated with TiO2 NP !!
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What’s the need of such a hybrid structure ?

[7] Shandilya et al., 2015a
[8] Le Bihan et al. 2014 
[9] Shandilya et al.,  2016

[4] Oberdorster et al., 2005
[5] Kaegi et al., 2008
[6] Mohamed et al., 2012



Can Cellulose Nanocrystals grafting reduce the overall toxicity?

Poor dispersion of the TiO2

NP in the aqueous medium 
is usually compensated by 
adding TiO2 NP in excess.

TiO2 NP’s 
association with 
CNC improves 

overall aqueous 
dispersion. 

Lesser amount of 
TiO2 NP would be 

required to perform 
the same function

Lesser amount of 
TiO2 implies lesser 

toxicity!! 
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Temperature 
< 100°C

SYNTHESIS METHOD

1

Acid
(H2SO4 or HNO3)

+

Cellulose 
nanocrystals

water dispersion

2

Cleaned repeatedly with water 
and centrifugation 

Finally obtained gel



CHARACTERIZATION TECHNIQUES

4. UV-Vis Spectrometry to determine the potential for : 

a) UV absorbance (for rutile)
b) Photocatalysis (for anatase)  

3. TEM analysis to determine morphology/microscopic structure

2. TGA to determine TiO2 mass content

1. XRD analysis to determine TiO2 crystal structure: Rutile or Anatase
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Cellulose nanocrystals 
characteristic peaks 

(20°, 22.5°)

X-RAY DIFFRACTION- CRYSTAL STATE

TiO2 Anatase 
(25°)

TiO2 Rutile 
(27.5°)

Cellulose 
Nanocrystals

Commercial TiO2 NP with 100% 
Anatase & used in paints as 

photocatalysis agent

Hybrid CNC-TiO2 NP sample 1

2θ

Hybrid CNC-TiO2 NP sample 2

Hybrid CNC-TiO2 NP sample 3

TiO2 Anatase 
(25°)

An intermediate
test sample
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Commercial TiO2 NP used as photocatalytic agent in paints

Hybrid CNC-TiO2 NP 
(Sample 1 or 2)

THERMOGRAVIMETRY ANALYSIS- TiO2 mass %
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d= 0.33 nm

TRANSMISSION ELECTRON MICROSCOPY

Test sample 1 and 2

Test sample 1

d= 1.02 nm

Test sample 2

Complete Anatase 
formation

Complete Rutile 
formation
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UV-VIS Spectroscopy (Photocatalytic potential of TiO2 Anatase)
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Absorbance measured at λ= 320 nm for TiO2

concentration in each sample = 2 g/l 

Commercial TiO2 NP used in 
paints as photocatalyst
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