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Publications in nhanotechnology In

the lberian American countries
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Publications in nanotechnology in

Iberian American nations
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Nanotech development in the region

Nanotechnology activity , measured by scientific
publications, has almost doubled worldwide between 2000 &
2007

In Iberian America, Spain & Brazil pioneered and lead in
scientific production & technological development in
nanotech. The remaining Iberian nations show markedly
lower production for the whole period.

From 2000 to 2007, Iberian America had about 20,000
documents in SCI. While the base total grew by 25%, during
the same period articles on nanotech reached a 100% increase.
This is 3.5% of the total # of Iberian American publications
registered in SCI for the period.

Nanotech activity in Iberian America is growing, but it is
still far behind worldwide figures.



Nanotech development in the region

The main Iberian American nations have implemented active
policies, constituting ad-hoc institutions & instruments to support
nanotech, such as: Red NANOSPAIN, the Brazilian Initiative on
Nanotechnology, and the Argentine Nanotechnology Foundation
(FAN)

The Iberian American institution with the highest participation in SCI
is Spain’s Superior Council on Scientific Research (CSIC). It participates
with 11.8% of the Iberian American production in nanotech, and
reveals a marked increase of over 100% between 2000 & 2007.

Leadership of Brazil and Spain has been a result of the

implementation of state policies and political will to support
nanotech R&D.



Nanotech development in the region

Given the relatively small scientific community and scant financial
resources in each latin American countries, only decided regional
collaboration can offer the critical mass needed to render nanotech
R&D the necessary sustainability.

Iberian American collaboration is greatly important inasmuch as it has
increased the scientific production of smaller nations by participating
with more developed nations.

Close collaboration within and with leading nations in Nanotech
development will bring marked growth in Latin America’s
participation.

www.nanotecnologia.com.pe
Carlos Aguirre-Bastos "POLITICAS PUBLICAS PARA EL
DESARROLLO DE LA NANOTECNOLOGIA"




Expenditure as % of GDP (2005)
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Current status of R&D in Andean nations

GDP:130 B

3ERD: 0.2% (26C M

ME:44B

GDP: 41 B
GERD: 0.2%
(81M)
ME: 1.1 B
GDP: 89 B
GERD: 0.1%
(90M)
ME: 1.3 B

GDP:10 B
GERD:0.2%

(18M)
ME: 190 M
GDP: 141 B
GERD: 0.6%
(850 M)
ME: 3.8 B

GDP: 165 B
GERD: 0.3%
(500 M)
ME: 2 B

USA : GDP - 14T
GERD: 2.5% (350 B)
ME: 644 B

Total LAR&D
expenditure is a small
piece of a tiny pie

Total LAME: ~40B
Mega military
expenditure without
a clear enemy

RED DE INDICADORES DE CIENCA Y
TECNOLOGIA IBEROAMERICANA E
INTERAMERICANA RICYT
httpy//www.ricyt.org
Adapted from: CIA World Fact Book
2009 & IMF, World Economic Outlook
Database April 2006




Where is the support going?

Are Generals organizing fundraisers?



Nanotechnology in

Andean Countries

Some Andean nations have instituted
state policies appertaining to
nanotechnology In many cases the
intentions are good, but the results are
poor. If not miserable!!



Nano in Ecuador

In 2005, the National Secretariat of Science and Technology
(SENACYT), through the office of the Vice
President, published the document outlining the National
Policy for Science, Technology, and Innovation 2005-2010.

Among the objectives of the policy, it seeks to fund basic
sciences and natural sciences, including nanotechnology.

Results are yet to be noted!!!

www.nanotecnologia.com.pe
Carlos Aguirre-Bastos POLITICAS PUBLICAS PARA
EL DESARROLLO DE LA NANOTECNOLOGIA"




B

Nano in Chile

CONICYT, created in 1967, advises the President on
scientific issues. It grants scholarships for graduate studies
and funds R&D projects. Chile has been a clear participant
and is well aware of the importance of nanoscience R&D.

The Center for Nanoscience in Valparaiso seeks to
strengthen activities in experimental research in fields
related to the S&T of systems at the nano scale.

I(;ENTRO DE MNANOCIENCIAS DE VALPARAISO
T

http://www.conicyt.cl/573/propertyvalue-1735.html
http://www.cenava.cl



Nano in Chile

CIMAT: Center for advanced interdisciplinary research in
materials science was created in 1998, for a 10-year
period, through a national effort for advanced research in

priority areas

Bio-related Materials

http://www.conicyt.cl/573/propertyvalue-1735.html

CENTRO PARA LA INVESTIGACION INTERDISCIPLINARIA AVANZADA EN CIENCIAS DE LOS MATERIALES



T
Nano in Bolivia I

Creation of the National System for Scientific Technological
Development, SINDECYT, 1977 Vice Ministry of Science and
Technology

In Bolivia, nano is truly nano

www.nanotecnologia.com.pe
Carlos Aguirre-Bastos "POLITICAS PUBLICAS PARA
EL DESARROLLO DE LANANOTECNOLOGIA"




Nano in Peru I I

The Strategic National Plan for Science, Technology, and
Innovation for Competitivity and Human Development
(PNCTI) 2006-2021, includes the manipulation and design
of nanomaterials as a thematic hub within the Materials
Program (PROMAT). [Gutarra, 2007].

The Plan expects to increase public and private investment
in nanomaterials.

Peru began with a good plan, on paper. Good plans need
good cash flow and competent human resources, still
lacking!

WwWw.nanotecnologia.com.pe

Carlos Aguirre-Bastos "POLITICAS PUBLICAS PARA
EL DESARROLLO DE LANANOTECNOLOGIA"
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Nano in Venezuela

The government launched, in 1995, the National
Plan in Science, Technology, and Innovation
(PNCTI) for 2005-2030.

Venezuela wants to improve its long-term
participation in ST&l. Studies are underway.
Greater percentage of the GDP is promised

for R&D.

Stay tuned. Alo, presidente!!!

www.mct.gob.ve



Nano in Colombia h

In 2004, COLCIENCIAS selected 8 strategic areas to enhance
productivity & competitivity in Colombian economy, one was
“ Advanced Materials & Nanotechnology”.

Colombia still needs clear and long-term state policies to
support Nanotech R&D. Some short-term work has proven
successful, as is the case with the Excellence Center for
Novel Materials

www.hanotecnologia.com.pe
Carlos Aguirre-Bastos "POLITICAS PUBLICAS PARA
EL DESARROLLO DE LANANOTECNOLOGIA"




Latin American participation in innovation

Pprocesses

J Mere passive receptors of scientific and
technological transference of knowledge.

dPublic & private investment do not support
S&T Research, Innovation & Implementation in

Nanotech

JAggressive and long-term public and private
investment must become state policy



In spite of achievements, limitations persist.
Studies have reviewed policy, strategy, &
plans, arriving at conclusions dealing with:

d Limited impact
J Lack of real political will & decision
J Lack of funds

 Lack of culture for research and innovation

d Only good intentions

Velho, 2004; OEA, 2004; Albornoz, 2002; BID, 2001



As a summary

Many in the region are still not convinced that
ST&I should be a national priority.

Many others are still not aware of what
nanotechnology means or what applications it may
have.

Some are reticent to accept ST&I as an instrument
of change.

Most are sure that military spending is most
important.

Until now, we have only had nano policies with nano
investments for nanotech R&D; we must pave the way
for Mega-investments and long-term commitments by
state and private entities



About CENM

The Excellence Center for Novel Materials is part of a high-
priority Colombian effort supported by 19 recognized
multidisciplinary research groups from 10 universities
across the nation. Additionally, the Center receives

International support from world-renowned institutes on
materials research.

VO, Pattern fabricated using e-
beam and Photo lithography
CENM- UCSD

AFM image of Nanoindentation print -
CENM



Materials Processes &
Design - J. Torres
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General Objetives and

Strategies

To aid in Colombia‘s technological & scientific development through
the formation of specialized human resource working with novel
materials technologies

Greater R&D Iinvestment
Acquisition of robust equipment

Formation of young talents

o O O O

Support a knowledge-based economy for growth



CENM Immediate Strategies Cenm

» Establish technology transference policies from the
universities to the industrial sector

» Build Infrastructure to share knowledge; facilitate
awareness In nanotech research and support
commercialization of nano-products In the short
term

» Establish close ties with industry for joint research
projects

» Seek State policies to identify key interest areas for
the benefit of society, industry, and academia

» Seek public and private funding to support research
and increase potential coverage



Sustainability Strategies

Strategic alliances Seek benefactors

with industry Project formulation
& presentation to
international

Strategic alliances entities

with universities

Social responsibility
efforts with NGOs

Strategic alliances
and government

with R&D centers

Formation of new
Sell services & talents
consultancy

Creation of CENM

National & international foundation

positioning



Areas of Research

Research work at CENM is organized around 4 Interdisciplinary
Research Themes (IRTs):

S

*

Composite Materials

Advanced Coatings

Nano-magnetism

Solid-State Devices, Sensors, and Mesoscopic
Systems

S

*

S

*

S

*

AFM image of nanolithography over a MFM image of magnetic nanoparticles
polymer surface - CENM CoZnFe,O, - CENM



Nanocomposite Materials:

Goals

o Development of new materials for
construction applications appertaining
to the development of civil
engineering infrastructure in Colombia

o Active nano-powders for cementitious-
based materials from industrial waste
and industrial by-products to produce
cementing materials with high-
mechanical performance and
durability, contributing to
environmental sustainability

Nano-powder in Cement Materials
CENM



COATING MATERIALS:

Goals:

o Development of novel materials with
Improved resistance to corrosion and
wear, with high-temperature
hardness conditions:

v Composite coatings (SiC and
diamond nanoparticles in Ni and
Ni-Cr matrixes and nano-sized
Iron oxide particles in Ni-P)

v' Multilayered coatings (W/WC and
TIN/ZrN TiCN/TIiCNbN Multilayers)

Multilayer with
3 bilayer

“B4ac/BCN

TiN

|

< .
=
B

AccY SpotMagn  Det WD
10.0KkY 3.0 70000x SE 7.1 Multi3 tilt 215

EM micrograph of a TiN/B,C/BCN/c-BN
multilayered hard coating - CENM



Nanomagnhetism: Goals

o Gain basic understanding of nanoscale magnetic properties
and knowledge on improving magnetic properties for broader

applications in industry

0 Areas of study:

v’ Fe- and Mn-based Magnetic systems

v Oxide-based magnetic thin films and
hetero-structures

v Theoretical and numerical simulation
of magnetic behavior

v Nanocomposite and nano-structured
magnetic alloys for hard and soft
magnetic materials
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Solid-State Devices, Sensors, _,,,

Mesoscopic Systems: Goals

o Performance of new materials, focusing on quaternary
semiconductors, ionic crystals; Mn, Sn, and Mo-based oxides

o Characterization of optical, electrical, and magnetic properties
fundamental for the design of devices

o Study the effects of dimensionality reduction and the presence of
confinements on properties of materials

o Development of theoretical models and T T
simulations 10 S\

o Study focuses mainly on optical, electric 10°k poly

. . =~y F 1 8- A
and magnetic properties of GalnAsSb G b AT o
. v 0F Ly Tetragonal
quaternary systems, ionic 7 | (Rutilo}
. . . . i I uti
materials, Photonic materials, VO, thin 10°F linic. :
films  nonocinie,
] 10’ '
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Ramirez, et al. PRL 101 (2008)



Scientific production per

research area

® Composite materials

® Hard Coatings I nte rnatiOna|
= Nanomagnetism Pape I’S 183

M Solid-state Devices

® Composite materials

® Hard Coatings Natlonal

" Nanomagnetism

m Solid-state Devices Pape rS 133



CENM IN FIGURES

Participation in Scientific Events

National 48
International 83
National, International Mobility 95
Publications in International Scientific Journals 164
Publications in National Scientific Journals 104
Participation in National Conferences 186
Participation in International Conferences 268

Agreements with Companies

Agreements with State Entities

Agreements with Educational Entities

Agreements with International Educational Entities

N W NO®




Students supported by CENM '™

PhD students 4
Masters students &
PhD students graduated with CENM support 14
Masters students graduated with CENM support 16
Graduate students participating in projects 46
Young Researchers 6




Events held by CENM

Held in Santa Marta — Colombia, October

=N
¢YNovel 16 to 20, 2006.
7 Materials

e N | 'Worhifian 2004 10 I E—

Congreso Iberoamericano de Metalurgia y Materiales Held in Carta gena de Indias —

) IB EROM ET Colombia, October 13 to 17, 2008.

Tenth International Conference on

NOH'COHVEHﬁOﬂEI Materials Held in Cali — Colombia, November
and Technologies - NOCMAT 2008 12 to 14, 2008.

Materials Valorization for Sustainability




EVENTS HELD BY CENM

Seminario Sobre Materiales Y
Dispositivos Ceramicos , Dieléctricos Y Ferroeléctricos Curso

Fundamentos, aplicaciones y perspectivas ;.-losc o F
Intercambio estudiantil e investigativo con la universidad de Florida ’
o

8 Vg 70 de qparts o 2007,
R s Colini- Fisntbid dh Covnsiss, Uiverid dof Vil sede Mebindes, Calt - Colibis

Held in Cali — Colombia, August 8 to 10, 2007

DERN B

Corte de Metales

v
Herramientas de Corte
Abvril 9 y 10 de 2008

Profesor
Dr. Federico Martinez Aneiro.
Superior Poli

“jose Antonio Echeverria®
Cujae. Cludad Habana Cuba.

P
Cupo Limitado
Mis informacion Tel. (2) 3153564
e-mail: nmartinez@calima.univalle.edu.co

@ B m SE.NA

_— Al TN aSTine
Held in Cali — Colombia, February

Held in Cali — Colombia, April 8 to 10, 2008 25 to 27, 2010




EVENTS HELD BY CENM

L4
Congreso Internacional

nanc:tecnnlngm

L& REVOLUCION DEL SGLO XX

e s o Informesei |nscnpcmnes Telefax: (ST) | -+ 750 82 70— 481 86 45 Bogota / Mavil: 314 436 88 89 — 314 258 34 34
s E-mail:nanociencia20l0@funlaci.org - www.funlaci.org

Event will be held in
e : Barranquilla — Colombia on
e == : October 21 - 23, 2010

Held in Bogota — Colombia, on April 22
and 23, 2009



Robust Equipment acquired
by CENM

Physical Property Measurement System — PPMS Quantum Design™



Robust Equipment acquired nm

by CENM

Attrition Mill



Robust Equipment acquired nm
by CENM

Universal Hystron Press



Robust Equipment acquired

Atomic Force Microscopy- AFM ASYLUM RESEARCH



Robust EqQuipment acquired oy

MICRO-RAMAN Jobin Yvon, Model Labram HR



Robust EqQuipment acquired oy

Desktop Scanning Electron Microscope — PHENOM - FEI



Robust Equipment acquired cym

SPECTROPHOTOMETER Jasco. Modelo V 7200



Robust EqQuipment acquired cuum
by CENM

DILATOMETER
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Cooperation Agreements

2009 - 2010
GENERAL METALICA S.A.

2006 - 2008

CARTONES AMERICA S.A.
CAJAS DE CARTON CORRUGADO

Universidad de [
2007 -2010 San Buenaventura |

Universidad del
Tolima

i
TAS

i Con Nkl e e o
IMPADOC s.A. ' J

A\

CARBONATOS DE CALCIO PARA LA INDUSTRIA 200
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Project carried out with
Resortes Hércules

Determination of optimal parameters of the tempering process of
SAE6150 steel as an alternative for the manufacture of leaf springs.

CENM

Leaf spring quality was clearly improved with
SAE 6150 steel in calibers greater than 20 mm.

65 | Jominy test
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A process was begun between the university and the enterprise to
support research projects



ASC% Project carried out among CDT

fiiisd ASTIN — CENM — AGRAF S.A.

CENM

Immediate application of B,C/BCN/c-BN multilayers

“Improvement of the design of cutting blades at
AGRAF S.A via the application of
B4C/BCN/c-BN, TiN/ZrN, and TiN/TIAINbN multilayers”

General Objective: to increase the useful life of cutting blades by
at least 35% at the paper conversion plant in AGRAF S.A.,
Increasing profits in said production line by 70% by using

TIN/TIAINbN, TIN/ZrN, and B4C/BCN/c-BN multilayered hard
coatings

Projected savings in production costs at the AGRAF S.A. paper
conversion plant for the first year: $96,286,000

Projected savings for the first year for Carton Colombia:

90 hours of additional cutting

153 tons of additional paper

$382,500,000



Exchange Bias In
[Lai/3Caz/sMnOs/Laz/zsCai/sMnO3 | superlattices
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P. Prieto et al.; J. Appl. Phys. 99 08C106 (2006)



VO, at nano-scale

VO, Pattern
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MOCVD growth of TiO2 nanotubes and
nanomembranes

applications and materials science

TiO, nanostructures prepared
by ferrocene/cobalt catalyst agents

M. Lazar'®, D. Chaumont', ¥, Lacroute’, M. E. Gamez®, J. €. Caleedo’, 6. Zambrano®, and M. Sacllott?
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TiCN/TiNbCN multilayer coatings with enhanced mechanical properties

journal homepage: www.elsevier.com/locate/apsusc

Contents lists available at ScienceDirect =+

Applied Surface Science 256 (2010) 5898-5904

J.C. Caicedo?®*, C. Amaya®P, L. Yate€, M.E. Gomez?, G. Zambrano?,
J. Alvarado-Rivera¥, J. Munfioz-Saldartia9, P. Prieto®-€

2 Thin Film Group, Universidad del Walle, Cali, Colombia
b Laboratory of Hard Coatings, CDT-ASTIN SENA, Cali, Colombia

= Department de Fisica Aplicada i Optica, Universitat de Barcelona, Catalunya, Spain
d Centro de Investigacion y de Estudios Avanzados del IPN, Unidad Querétaro, México, Mexico
= Center of Excellence on Novel Materials, CENM, Calle 13 #100-00 Edificio 320, espacio 1026, Cali, Colombia

HRTEM
TiCN TiNbCN
\:" <11>N f<i11>

(SAED)

ABSTRACT

Enhancement of mechanical properties by using a TICN/TiNbCN multilayered system with different
bilayer periods (A ) and bilayer numbers (n) via magnetron sputtering technique was studied in this work.
The coatings were characterized in terms of structural, chemical, morphological and mechanical proper-
ties by X-ray diffraction (XRD), atomic force microscopy (AFM), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and nanoindentation. Results of the X-ray analysis showed
reflections associated to FCC (11 1) crystal structure for TICN/TiNbCN films. AFM analysis revealed a
reduction of grain size and roughness when the bilayer number is increased and the bilayer period is
decreased. Finally, enhancement of mechanical properties was determined via nanoindentation mea-
surements. The best behavior was obtained when the bilayer period (A) was 15nm (n=200), yielding
the highest hardness (42 GPa) and elastic modulus (408 GPa). The values for the hardness and elastic
modulus are 1.6 and 1.3 times greater than the coating with n=1, respectively. The enhancement effects
in multilayer coatings could be attributed to different mechanisms for layer formation with nanomet-
ric thickness due to the Hall-Petch effect; because this effect, originally used to explain the increase in
hardness with decreasing grain size in bulk polycrystalline metals, has also been used to explain hard-
ness enhancements in multilayers taking into account the thickness reduction at individual single layers
that make the multilayered system. The Hall-Petch model based on dislocation motion within layers and
across layer interfaces, hasbeen successfully applied to multilayers to explain this hardness enhancement.

© 2010 Elsevier B.V. All rights reserved.
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Motivation

Our motivation for producing TiCN/TiNbCN multilayers is
aimed at producing tough (less brittle) wear-protective films
with low-friction coefficients, increased hardness, as well as a
corrosion protective coatings in machining tools (WC and 4140
Steel) Our goal is to improve the mechanical properties for
possible industrial applications in high-performance and
aggressive environments ETH | i TemiNBeN

WC
Substrate
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Motivation

Previous results of multilayer coatings
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Hard coating performance enhancement by using [Ti/TiN],, [Zr/ZrN] and
[TiN/ZrN ], multilayer system
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[TiCN/TiNbCN] A multilayers ,(n =1 to 200)

&
Bilayers of
TIiN/TiNbCN
: n=1to 200
i A=15 pmto 15 nm
TiNbCN
3.0 ym
TIiCN &

« Total thickness around 3 pm
remains constant, but multilayer
period A changes

* We analyzed the effect of number of bilayers on hardness, wear resistance, adhesion
to substrate, and other tribological properties
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Corrosion properties in TiCN and TiNbCN
single layers
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Experimental Details Magnetron Sputtering
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Magnetron Sputtering System

Substrates on 1
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Ours Industrials Result N 4520 Magnetron Sputtering

[TiN/TiAIN], [CrN/ZrN],
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Ours Industrials Result N 4520 Magnetron Sputtering
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Magnetron Sputtering System Setup
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Deposition Parameters for
[TiCN/TiNbCN] , Multilayers

Targets Titanium Carbide and Niobium
Deposition system Magnetron sputtering r.f.
Reactive
Power density (W/cmz) 80 —TiC and 70-Nb
Bias r.f. voltage (-V) 50
Target to substrate distance (cm) 7
Gas mixture (Ar/N,) 76/24 (%)
Deposition pressure (Ar+N,) (mbar) 6x10°
Substrate Si (100), AISI 4140 steel and

WC inserts

Substrate temperature (°C) 300




Structural and mechanical characterization
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Low-angle diffraction patterns of TiCN/TiNbCN
multilayers deposited on silicon substrates
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High angle Diffraction patterns of TiCN/TiNbCN
films deposited on silicon substrate
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Cross-section TEM Analysis

TEM n =200, A =15 nm TEM n =30, A =100 nm

«~—— TiNbCN

—TicN—

Cross-section TEM image of a TIiCN/TINbCN multilayer with 200 bilayers
(A =15 nm) (a) and multilayer with 30 bilayers (A = 100 nm). Clear interfaces are
observed in all multilayers






STEM (EELS) [TiCN/TiNbCN].
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Mechanical Properties

-

Hardness and Elastic Modulus of [TICN/TiNbCN] muItiIayer(b)“

10 Better mechanical performance

o
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Values of elasticity modulus E and hardness H
were obtained by using Oliver and Pharr’s method

Atomic Force Microscopy (AFM)
Asylum Research MFP-3D®



Mechanical Properties

Hardness and Elastic Modulus of [TICN/TiNbCN], multilayers
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Hardness increased from 26 GPa to 42 GPa and Elastic modulus from 318 GPa to 410
GPa. Probably due to the nanometric thickness of individual layers in the multilayered
structure.



Analysis of Friction Results

]—n= 5 oss]
0457 n=30 £ o030
£ 0,40 n=50 31§§F = _;::ch::i: ;
2 0,35] —n=70 £ oto] e
=2 ] n =150 £ 005
Y 0;30‘_ n =200 000260 460 s00 80 1000
8 0.25 ] Sliding distance (m)
O T 1l
',g 0,15-
o ]
- 0,101
L 0051 [TiICN/TiNbCN],,
0,00 : (a)
0 200 400 600 800 1000

Sliding distance (m)

[y

Friction coefficient

0,30-

0,27-
0,24-
0,214
0,181

y=~—TIC-N MT 4001

Tribometer Microtest,

<—— Ti-NbC-N

T T T T

" 40 80 120 160 200
Bilayers number

.08

Optical Interferometry of coating wear resistance, after 2 h pin-on-disk sliding



Analysis of Adhesion Results
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Analysis of Adhesion Results
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Conclusions

Micro & nanometric TiCN/TiNbCN multilayered coatings
successfully deposited by r.f. magnetron sputtering with bilayer
periods ranging from 1.5 pm to 15 nm.

Highest hardness & elastic modulus, 42 & 408 GPa, respectively,
observed for TiCN/TiNbCN deposited with number of bilayers
at 200 and modulation at 15 nm.

Low friction coefficients observed in multilayered coatings
maybe due to carbon content and to the interface effect.
Furthermore, high hardness combined with carbon content
lubricant presence make the TiCN/TiNbCN multilayered system
a good candidate for use as a hard and low friction coating in
cutting tools.
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