
Orlando J. Rojas
ojrojas@ncsu.edu
go.ncsu.edu/cig

Cellulose Nanomaterials – A Path Towards 
Commercialization
May 20‐21, 2014

Large Volume User Panel



High Volume

Textiles 
& 

clothing Low volume
Wallboard Facing
Insulation
Aerospace Structure
Aerospace Interiors 
Aerogels for Oil & Gas 
Paint‐Architectural 
Paint‐Special Purpose 
Paint Applications

NOVEL + 
Emerging Applications
Sensors (medical, env., ind.)
Reinforcement fiber
Water & air filtration

Viscosity modifiers
Purification
Cosmetics
Excipients
Organic LED

Photovoltaics
Recyclable 
Electronics
3D printing
PhotonicFilmsMarket Projections For Nanocellulose‐enabled

Products, J. A. Shatkin (October, 2013)



Cellulose 
Nanocrystals 

CNC

Spin coating Langmuir-SchaefferFilm casting
Moving (withdrawal) 

plate

Solid support 

CNC dispersion

Shear/Convection

20

40

60

80

100

30°

60°
90°

0°

Coatings 
and anti-
scratch 
surfaces

Piezoelectric 
materials

Composite nanofibers

Reductive amination at the reducing ends of a CNC 
and Ag silver NP labeling of thiol functionalized CNCs

Asymmetric 
CNC

0 10 20 30 40
0

10

20

30

40

50

60

70

E
la

st
ic

 T
ra

ns
ve

rs
al

 M
od

ul
us

 (G
P

a)

Load ()

Organic-inorganic hybrids

Magnetic separation

0 500 1000 1500 2000 2500
24

25

26

27

28

29

30

31

32

T 
( °C

)

Time (s)

Hyperthermia

Biomacromoleules, 2013

ACS Macro Letters, 1, 867 (2012)
JCIS, 363, 206 (2011)
Soft Matter, 7, 1957 (2011)

Soft Matter 7 , 1957 (2011) 
Biomacromolecules, 11, 2683 (2010)
Biomacromolecules ,  11,  674 (2010)

Biomacromolecules,13: 918 (2012)
J. Polym. Env, 20, 1075 (2012).
Biomacromolecules, 11, 2471 (2010)
Biomacromolecules, 11, 674 (2010)
Appl. Mater. Interfaces, 1, 1996 (2009)
J. Appl. Polym. Sci. 113, 927 (2009)

Appl. Mater. Interfaces , 1, 1996 (2009)
Langmuir, 26, 990 (2010)
Thin Solid Films, 517(15), 4348 (2009)

0.3T

Bioresource Technol, 101, 596 (2010)
Chem Rev, 3479 (2010)

Stimuli responsive CNCs

1

10

100

1000

0 10 20 30

F/
R

 (
N

/m
)

Separation (nm)

10 mM100 mM250 mM

poly(NiPAAm)‐g‐CNCs

Biomacromolecules, 12,  2788 (2011)
J Colloid & Interface Sci, 369, 202 (2012)



Cellulose 
Nanofibrils

NFC and BC

Composites 
(reinforced materials)

Super-strong Hydrogels & 
Aerogels

Rheology 
modification

Bioactive materials

Nanopaper

Conductive nanopaper (+ Pyrrole, click chemistry): 37.4 10-3 S/cm

Appl. Mater. Interfaces 
2012, 4, 536

0 1 2 3 4 5 6
-80

-60

-40

-20

0

20

40


f 3

(H
z)

Time (min)

Bioconversion

Cellulose 20, 2417 (2013)

Appl. Mat. Interfaces, 2013

Anal. Chem, 2013
Biointerphases, 7, 61 (2012)

Biomacromolecules, 12, 4311 (2011)
Biomacromolecules, 13, 2802 (2012)

Carbohydrate Polymers, 
doi:10.1016/j.carbpol.2012.11.063

BITE, 2013
Cellulose, 2013
ACS Macro Letters, 1, 1321 (2012)
Biomacromolecules, 13, 3228 (2012)
Biomacromolecules, 14, 1637-1644(2013)

BITE125, 249 (2012)
Cellulose, 19, 2179 (2012)

Bioresources, 6, 4370 (2011)
Cellulose, 18,1097 (2011)
Cellulose, 17, 835 (2010)

BITE 101, 5961 (2010)

0.01 0.1 1 10 100 1000
1E-3

0.01

0.1

1

10

100
 0mM
 10mM Ca+

 25mM Ca+

 50mM Ca+

vi
sc

os
ity

 (P
a.

s)

shear rate (1/s)

J. Renewable Resources, 2013, 1, 195
Carbohydrate Polymers, 89,1033-1037 (2012)



Optical 
Properties

Chirality

Magnetism

Self 
assembly

High 
surface 
area

Strength

See review: Chem. Rev. 110, 3479 (2010)
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Structuring with spheres Structuring with rods
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Shape Anisotropy & Structuring

Shape‐anisotropic colloids are more efficient space 
fillers than spheres

(better structuring with less material)

Structuring efficiency of rod increases 
with increasing aspect ratio
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Oil industry
Drilling fluids are fluids used in the natural gas and oil 
industries.
The drilling fluids are used to lubricate, provide 
hydrostatic pressure, and to keep the drill cool, and the 
hole as clean as possible of drill cuttings.

“A CNC-based drilling fluid with low addition levels of CNC was 
developed. The fluid has synergistic effects giving superior fluid 
loss and filtration characteristics. The field trials with this novel 
water-based CNC drilling mud will be carried out …”

…Assess ability to affect rheological properties and filter cake formation 
characteristics so that fluid losses and formation damage can be 
minimized…
http://www.arboranano.ca/Investigating-Nanocrystalline-Cellulose-NCC-as-Loss-Circulation-
Material-in-Drilling-Fluids---Boluk.aspx



One of the key factors contributing to this market growth is 
the increasing exploration of unconventional gas. 

The key vendors dominating this space are Baker Hughes 
Inc., Halliburton Co., Newpark Resources Inc., and 

Schlumberger Ltd.
http://www.researchandmarkets.com/research/mx4dlt/global_drilling

Global Drilling Fluids Market Analysis by Product (OBF, SBF, WBF) by 
Application (Offshore, Onshore) Expected to Reach USD 14.9 Billion 
by 2020 
Market Size - $8.61 bn in 2013; Market Growth - CAGR of 8.2% 
over the period 2013-2018. 

Market trends use of nanotechnology in 
development of drilling fluids. 

(Grand View Research, Inc / http://www.prweb.com/releases/Drilling‐

Fluids‐Market/GrandViewResearch/prweb11805565.htm)

















Nanocellulose

Identified Market Drivers 

• Light‐weighting to improve 
fuel efficient

• Energy Efficiency
• Bio‐based materials 
• Greener Consumer 
Products 

• Carbon Dioxide targets
• Renewable/compostable

BC

CNF/NFC


