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Capital San José

Idioma oficial Espaiiol

Superficie

- Total 51.100 km”

Poblaciéon

* Total 4.900 000 52016 est.)

» Densidad 89 hab/km

PIB (PPA)

» Total US$ 59.220 millones (2016 est.)
* PIB per capita US$ 12.000 (2016)

Moneda Coldn costarricense (aprox 575 ¢ PORh 19)
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En 2007 el Gobierno de Costa Rica anuncid planes para
convertirse en el primer pais del mundo neutral en carbono
para el ano 2021, cuando cumplira su bicentenario como
nacion independiente.

Happy planet index: clasifico a Costa Rica como el "mas verde®,
ecologico, sustentable y feliz de los paises del mundo en 2016.

Economia basada en ecoturismo, servicios, componentes
electronicos y médicos, y agroindustrializacion.

COSTA RICA: ambiente: principal riqueza
BIODIVERSIDAD y cuido al medio ambiente...!!!



Nanotecnologia
Ciencia y tecnologias transgresoras

» Tecnologias convergentes y emergentes.
*» Fendmeno del siglo XXI.

» Nanotecnologia y Biotecnologia.

* PRODUCTO COMERCIAL..!!

"« LANOTEC
LABORATORIO NACIONAL DE
NANOTECNOLOGIA




Alimentos

Salud: dispositivos médicos y farmacia
Polimeros

Construccion

Electronica

Ceramicas vy vidrio

Agroindustria y revalorizacion de subproductos
Textiles

Deportes

Cosmeética

Agua, energia y ambiente

LANOTEC

¥ LABORATORIO NACIONAL DE
” NANOTECNOLOGIA



Estrategia del Siglo XXI.

Decreto del MICITT, 2011.

Programas y redes universitarias.

Programa Nacional de Desarrollo, PNDN, 2013.

Incorporacion a la Secretaria de Sustancias Quimicas
Comision de Nanotecnologia: MS, MINAE, CONARE.

Creacion del LANOTEC-CeNAT, 2004.

LANOTEC

¥ LABORATORIO NACIONAL DE
” NANOTECNOLOGIA



Biodiversidad.

Nanomedicina y nanofarmacia.
Nanobiotecnologia.
Nano-microelectrdnica.
Nanotecnologia y medio ambiente.

Empleo de desechos agroindustriales y marinos para la obtencion de nuevos
materiales o su mejoramiento.

Nano y microsensores.

Biorefineria.

Nanocompuestos.

Nanocatalizadores.

Energia y nuevas fuentes alternativas de energia. LANOTEC
Vocaciones cientificas y educacion. ¥ LABORATORIO NACIONAL DE
Nanometrologia. ” NANOTECNOLOGIA

Nanoseguridad y nanoregulacion.
Aspectos éticos y sociales de la nanotecnologia y su desarrollo en Costa Rica.



Laboratorio Nacional de Nanotecnologia:
LANOTEC v3.0



Creacion del Laboratorio Nacional de
Nanotecnologia

LANOTEC

LABORATORIO NACIONAL DE
NANOTECNOLOGIA

Centro Nacional de Alta Tecnologia


http://www.cenat.ac.cr/index2.htm
http://www.cenat.ac.cr/index2.htm

Administracion del LANOTEC

Edificio CeNAT — CONARE LANOTEC

Dr. F. Chang Diaz ‘Q
Antiguo AID, Donacion gobierno. iy
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Inauguracion: agosto 2004. NANOTECNOLOGIA

Inicia funciones: julio 2006.
Superficie: 500 m?.
Inversidn inicial: $50,000.

Laboratorio de quimica y biologia, cuarto instrumental, planta
piloto (quitina, nanocelulosa), laboratorio para producir NTC,
oficinas, biblioteca.

LANOTEC ‘z LANOTEC
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Fondos para investigacion

CeNAT-CONARE. "vw';ﬁ[fﬁl!fﬁg

Fondos concursables internacionales.
Fondos Educacion Estatal Superior FEES.
Fondos de Incentivos, Pymes MICITT-CONICIT.

Empresariales.

A S

» Otros: CRUSA, AEA, Europeos, Redes, privados, proyectos
vinculacion externa.

Inversion de mas de

EEEEEEEE)  $ 8000 000,00 + el edificio +

gastos de mantenimiento



Investigar en el area de la Micro y Nanotecnologia enfocado en
nanoestructuras, microsensores y materiales avanzados.

Servir de centro-laboratorio para la formacién en nanotecnologia
en colaboracion con instituciones y programas académicos.

Establecer alianzas estratégicas con industrias de alta tecnologia
para el desarrollo de servicios y productos especializados que
contribuyan con el sector productivo del pais.

LANOTEC

LABORATORIO NACIONAL DE
NANOTECNOLOGIA

\ 2




—
-

C

Dr. José Vega Baudrit, Director

Dr. Orlando Arguello, Nanobiotecnologia.
Dra. Yendry Corrales, IQ, Quimica, AFM

Dr. Bernal Sibaja, Quimico, Materiales

Dr. Daniel Chavarria, Odontdlogo

Dra. Vanessa Zamora Mora, Quimica, polimeros
M.Sc. Melissa Camacho, Quimica, Innovacion
M.Sc. Carlos Redondo, Quimico, sintesis.
M.Sc. Audry Soncsich, Quimica, Biorefineria
M.Sc. Gabriela Montes de Oca, Biotecndloga.
M.Sc. Marilyn Porras, Microbiologia.

M.Sc. Andrea Araya, Quimica

Lic. Laura Bolafios, Bidloga.

[.Q. Andrea Rivera, Ing. Quimica.

B. Reinaldo Pereira, Bidlogo, TEM, SEM.

B.Q. Felipe Orozco, Quimico

Ing. Ricardo Alvarado, Biotecnélogo.

Lic. Andrea Solano, Comunicadora

Ing. Mec. Carlos Villalobos, mecatronica

.« LANOTEC
‘LABORATORIO NACIONAL DE
NANOTECNOLOGIA
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Lic. Galia Moreno, Quimica

Lic. Gaston Baudrit, CONARE, Abogado.

Flor Flores, Asistente administrativa.

Lic. Cynthia Cordero, Administrador, FUNCENAT
Tesiarios nacionales e internacionales, Becas CENAT.

Estudiantes Proyecto Olimpiada Quimica: UCR, TEC,
UNA, UNED, LANOTEC

Estudiantes y profesores de TCU de la UCR, TEC, UNA
Dr. Leo Lesser, Ing Eléctrico

Dr. Victor Hugo Soto Tellini, Quimico
Dr. Giovanni Sdenz, Fisico

Dr. José Saavedra, Fisico ~ Apoyo
Dr. Jorge Cubero, Ing. Mecanico
M.Sc. Allan Campos, Fisico.

Ing. Santiago Nunez, Informatico

Dra. Jeanette Benavides, NASA |




Areas de trabajo en el LANOTEC

Investigacion
Extension

‘ Producto

Docencia
Innovacion Socios: universidades
Arte y centros de

investigacion,
gobierno, empresas

Deporte
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Investigacion: 6 Nodos de desarrollo:




PROYECTOS



Carlos M. Villalobos Bermudez

Identificacion de Analisis de
Necesidad resultados y mejoras

Diseio y
Fabricaciéon
3D

o LANOTEC

L VLABORATORIO NACIONAL DE
” NANOTECNOLOGIA



Pry01-1082-2017-Sintesis, caracterizaciony 1. 1. Creacidn de Andamiajes.

evaluacion de la biocompatibilidad de un
andamio de PLA fabricado por impresion 3D

Dr. Daniel Chavarria

UNIVERSIDAD DE COSTA RICA SI pFJ RE S
UNIVERSIDAD DE OFICINA DE PLANIFICACION UNIVERSITARIA ﬂa
s

COSTARICA SISTEMA INSTITUCIONAL PLAN PRESUPUESTO

INFORMACION GENERAL DEL PROYECTO

Unidad: 01050300-FACULTAD DE ODONTOLOGIA Proyecto: Pry01-1082-2017-Sintesis, caracterizacion y
evaluacion de la biocompatibilidad de un
andamio de PLA fabricado por impresion 3D

Cddigo de Inscripcién: Estado: Editable
Fecha de Inicio: 02/01/2017 Ampliacion / Renovacion:
Fecha de Finalizacién: 31/12/2017 Usuario: daniel.chavarria

Actividad / Subactividad

Investigacion Investigacion Aplicada

Descripcién:

El proyecto consiste en fabricar un andamio de PLA por medio del método de impresion 3D; realizar su caracterizacion mediante calorimetria
diferencial de barrido (DSC), termogravimetria (TGA), evaluacién morfolégica mediante microscopia electrénica de barrido y perfilometria; y evaluacién
de su biocompatibilidad mediante pruebas de viabilidad celular (MTT) y adhesion celular.

Observaciones:
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Fatigue limit of Y-TZP reinforced with carbon @ i
nanotubes
L.H. Silva®, DRR. Lazar?, V. Ussui?,

WXK. Yoshito?, RN. Tango?, R. Belli*,
U. Lohbauer?, PF. Cesar>*

! University City of Sdo Paulo/UNICID, Brazil
2 Institute for Energetic and Nuclear
Research/Ipen, Brazil

3 University of the State of Sdo Paulo/UNESP,
Brazil

# Friedrich-Alexander-Universitat
Erlangen-Niirnberg, Germany

S University of Sao Paulo, Brazil

Purpose/aim: To compare the Cyclic Fatigue Limit (CFL)
of a control yttria-stabilized tetragonal zirconia pollycristal
(Y-TZP) with a composite produced by adding multi-walled
carbon nanotubes (CNT) into Y-TZP.

Materials and methods: CNT were coated with zirconium
oxide and yttrium oxide to form a powder (CNT/ZYO) using
a hydrothermal co-precipitation method. Powders made of
Y-TZP + (CNT/ZYO) were produced using 99 vol% of Y-TZP and
1vol% of CNT/ZYO. CAD-CAM blocks (42.5 x 16.0 x 16.0mm)
were obtained by uniaxial pressing (67 MPa/30s) of each
powder in a steel matrix. These blocks were partially sintered
at argon atmosphere (1100°C/1 h/5°C/s) and then sectioned to
produce 14 bar-shaped specimens (3.0 x 4.0 x 25.0 mm/edges
chamfered according to [SO6872:2008) of each mate-
rial, which were sintered also in argon atmosphere
(1.400°C/4h/5°C/min). Density d by Archimedes’
method was used to calculate the relative density (RD), based
on the theoretical values for both materials (6.06 g/cm’).
Flexural strength (FS) was measured in four-point bending
with specimens immersed in water at 37°C (inner and outer
supports of 10 and 20 mm). CFL was determined in four-point
bending, using the staircase method (10,000 cycles/5Hz). In
each cycle, the stress varied between the maximum stress
(MS) and 50% of MS. The applied stress in the first specimen
was 50% of FS. After 10,000 cycles, in case the specimen did
not fracture, 10 MPa was added to the next specimen. RD and
FS were analyzed by Student’s t test (alpha=5%). CFL was cal-
culated according to: CLF = X0 + d(SUMini/SUMni +0.5), where
X0 is the lowest stress value tested, d is the stress added or
subtracted to each cycle and n is the number specimens that
survived or failed in each stress level. The lowest stress level
was computed as i=0, and the next one was computed asi=1,
and so on. Fracture surfaces were fractographically analyzed.

Results: Specimens containing nanotubes showed sig-
nificantly lower RD compared to the control (p=0.009).
Nanotube addition also caused a 50% significant decrease in
FS (p=0.003). However, the FS coefficient of variation for the
control was higher (17%) compared to that of the composite
(10%). CFL calculated for the control was 2.5 times higher than
that of the composite. The %CFL (CFL in terms of percentage
of the FS) was also higher for the control. Fractography indi-
cated fracture origins associated to surface defects and porous
regions related to nanotube agglomerates.

Conclusions: The processing method used to produce the
composite Y-TZP/nanotubes needs to be improved since nano-
tube addition to Y-TZP caused a significant reduction of the
relative density, strength and fatigue limit.

Material Relative Flexural CFL %CFL
density strength (MPa)
(%) (MPa)
Y-TZP 98.6+0.05% 623.7+108.8% 439.0+564 70%
(control)

Composite  97.4+0.03% 299.4+305% 17944225 60%
Y-TZP/
nanotubes

http://dx.doi.org/10.1016/j.dental 2017.08.036
36

Characterization and cellular response of
3D-scaffold functionalized with PLA
nanofibers

F.C. Vazquez-Vazquez®,

D. Chavarria-Bolafios *, D. Villalobos-Vega“,
J. Vega-Baudrit®, A. Pozos-Guillén*,

D. Masuoka-Ito®, M. Alvarez-Pérez!

1 Universidad Nacional Auténoma De México,
Cdmx, Mexico

2 Universidad De Costa Rica, San José, Costa Rica
3 Centro Nacional De Alta Tecnologia, Laboratorio
Nacional De Nanotecnologia, San José, Costa Rica
4 Universidad Auténoma De San Luis Potosi, San
Luis Potosi, Mexico

S Universidad Auténoma De Aguascalientes,
Aguascalientes, Mexico

Purpose/aim: Characterized the physicochemical proper-
ties, microtopography and cellular response of a 3D scaffold
functionalized with PLA nanofibers.

Materials and methods: Cylindrical 3D scaffolds (5Smm
diameter and 20mm height) were designed and fabricated
by PLA 3D printing. The scaffolds were then functionalized
with 6% PLA nanofibers by airjet spinning. Samples of each
scaffold were evaluated by thermogravimetric analysis (TGA)
to determine onset point (To) inflection point and (Tp) mass
loss temperature (Tmax). All specimens were then evaluated
by differential scanning calorimetry (DSC) to determine glass
transition temperature (Tg) and melting point (Tm). Tg was
confirmed by dynamic mechanical analysis (DMA). Micro-
topography was evaluated by scanning electron microscopy
(SEM) at 100x, 500x, 2000x and 5000x. Human osteoblasts
(hOB) were selected to perform cellular adhesion assay and
cellular proliferation evaluation by MTT assay. Data were ana-
lyzed and compared using two-way ANOVA test.

Results: To, Tp and Tmax were comparable between both
scaffolds, as well as Tg and Tm. 3D scaffold showed homo-
geneous non-porous microtopography, with well adapted
printing patterns. The PLA nanofibers layer was well adapted

Caracterizar las
propiedades
fisicoquimicas ,
microtopografia y
respuesta celular de
scaffolds
funcionalizadas con
nanofibras de PLA

21



1.2. Creacion de nuevos Equipos.

2

¢ Micromanipulador de Células.
¢ ba. Patente
¢ Tesis de Lic. Universidad Dual Invenia

Por medio de Diseio e Impresion en 3D, se se cred un
Micromanipulador: para realizar analisis en una sola célula.

LABORATORIO NACIONAL DE
NANOTECNOLOGIA




2. Produccion de biodiesel a partir de lipidos provenientes de microorganismos oleaginosos
que utilizan residuos agricolas organicos como sustrato, en un proceso de bajo costo

energético.
M.Sc. Melissa Palma, M.Sc. Gabriela Montes de Oca

Objetivo del proyecto: Produccion de biodiesel a partir de microorganismos oleaginosos.
Reactor en condiciones supercriticas, Proyecto PYME, MICITT
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cnoonoonoono0a0noaon a Fig. 3. Andlisis Infrarrojo del biodiesel del aceite.

Fig. 1. Curvas de crecimiento de la levadura L. starkeyi en los tres medios de cultivo de prueba. (D=dia).

Fig. 2. De biodiesel obtenido: separacion del glicerol y el aceite. A. Solucién del biodiesel preparado a partir del aceite (Palma
y corona por separado). B. Solucidn tratada con Metanol. C. Separacién del glicerol y el biodiesel. D. Obtencidon del glicerol y
biodiesel por separado.

Fig. 4. Crecimiento de la levadura
conteniendo aceite.



3. Desarrollo participativo de alternativas para el tratamiento y aprovechamiento de residuos
organicos en las comunidades de Rosaclaus y Macondo, distrito de Lepanto, Puntarenas.

M.Sc. Melissa Palma, Ing. Andrea Rivera

Objetivo del proyecto: Utilizar tecnologias no convencionales para el tratamiento de residuos organicos en las
comunidades de Rosaclaus y Macondo, distrito de Lepanto, Puntarenas.

Fig. 2. Construccién de una biojardinera en una casa, cuyo funcionamiento
permite la reutilizacidn de las aguas grises

Fig. 1. Asesoramiento a la comunidad por medio de: talleres, charlas
informativas, capacitacionesy asesoramiento de las tecnologias no
convencionales y métodos alternativos de aprovechamiento de
residuos organicos

- 8 W

PROYECTO DE ACCION SOCIAL

Fig. 3. Elaboracion de compost como método de tratamiento de residuos
organicos.



4. Polimeros y Materiales Compuestos a partir de Fuentes Renovables
Dr. Rodolfo Jesus Gonzalez-Paz

Materiales con Memoria de forma
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Cientificos mejoran tabla de surf hecha

en Costa Rica para que sea mas amigable 1. Creacion u optimizacion de
con el ambiente materiales existentes.

2. Se provee el espacio fisico
para que la empresa pueda
generar su trabajo.

Apoyo cientifico.

Estudiantes trabajan con ellos
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Empresa: GOVAN.:
Poliol modificado (biopoliol) en el
prepolimero del isocianato.

Variation of Physical Properties of Rigid Polyurethane
Foams Synthesized from Renewable Sources with Different
Commercial Catalysts

Thermal-Mechanical Characterization of Polyurethane Rigid
Foams: Effect of Modifying Bio-Polyol Content in Isocyanate

Prepolymers

Luis Daniel Mora-Murillo', Felipe Orozco-Gutierrez’, José Vega-Baudrit® and Rodolfo Jestis Gonzélez-Paz*

'School of Chemical Engineering, University of Costa Rica, San Pedro Montes de Oca, San José, Costa Rica
*National Nanotechnology Laboratory, National Center for High Technology, San José, Costa Rica

Received November 25, 2016; Accepted February 14, 2017

ABSTRACT: Nowadays, green polyurethane (PU) foams are mostly synthesized by replacing an amount of petrochemical
polyol with biobased polyol. Here we report five different families of isocyanate prepolymer formulations that
were prepared with biobased sources and the correlation between the structure of chains and the properties
of the produced PU foam. Foam behavior in tension, torsion, compression, shape memory tests and physical
properties were studied by dynamic mechanical thermal analysis (ODMTA); interactions in the polymer chains
were analyzed by Fourier transform infrared spectroscopy (FTIR); and thermal analysis was performed
by thermogravimetry (TGA) and differential scanning calorimetry (DSC). The results showed that high
content of biobased macrotriol in the prepolymer formulation implies a softer final material than commercial
polyester polyol foams due to the branched biobased molecules that do not allow enough packaging of the
polymer matrix. Moreover, mechanical and thermal properties of the final PU foam are affected by the length,
functionality and polarity of the biobased molecules used in the isocyanate prepolymer synthesis.

KEYWORDS: Biobased polyurethane, prepolymer, biodegradable, renewable resources, thermal-mechanical properties

1 INTRODUCTION

Polyurethane (PU) foams are usually obtained by mix-
ing two parts: an isocyanate prepolymer and a polyol
mixture of organic molecules containing at least two
hydroxyl groups obtained from petroleum. The PU
prepolymers consist of a macromolecular chain mixture
with many urethane groups in its backbone and an iso-
cyanate reactive group at the chain’s end, which allows
one to control the viscosity, reactivity and toxicity of the
PU component [1]. Secondary reactions can take place
when foaming. The reaction between water (blowing
agent) and isocyanate groups generates amines and
gaseous CO,, helping the foam growth; these produced
amines can also react with the isocyanate to form ureas
and isocyanate that can react with themselves in a trim-
erization reaction to form isocyanurates [2].

Estimated at nearly two billion kilograms in the
US alone, PU foams currently account for the larg-
est market among polymeric foams [3]. The versatile

*Corresponding author: rgonzal enatac.cr

DOL 10.7569/RM.2017.634112

220 1. Renew. Mater., Vol. 5, Nos. 3-4, July 2017

properties offered by this material are suitable for
use in many fields such as medical devices, coatings
and paints, elastic fibers, rigid insulations or flexible
and rigid foams. Since petroleum is a nonrenew-
able source, in recent years there has been increased
interest in the synthesis of polymers starting from
renewable raw materials, like vegetable oils and nat-
ural fats, because of their relevant properties such as
availability, low toxicity, sustainability and biode-
gradability [4, 5].

Considering all of these facts, it is necessary to find
alternative routes using natural resources that can
help to reduce greenhouse effect emissions in com-
parison with the fabrication process of conventional
polyurethane foams that use raw materials derived
from petroleum. The fact that PU foams obtained from
natural resources may have biodegradable proper-
ties should not be ignored, so the material will also
degrade in a more environmentally friendly way [5].
Many studies focused on the synthesis of biobased
polymers have tested and reported that vegetable oils
are good precursors of polyurethane materials [6-8].

Vegetable oils can be used directly as monomers as
found in nature or can be modified with chemicals or

S
® 2017 Scrivener Publishing LLC

Daniel Brenes-Granados', Jorge M. Cubero-Sesin'?, Felipe Orozco Gutiérrez’, Jose Vega-Baudrit® and

Rodolfo Gonzalez-Paz™

!School of Materials Science and Engineering, Costa Rica Institute of Technology, Cartago 159-7050, Costa Rica
Institutional Micrascopy Laboratory, Costa Rica Institute of Technology, Cartago 159-7050, Costa Rica
*National Nanotechnology Laboratory (LANOTEC-CeNAT-CONARE), San José, Costa Rica

Received November 25, 2016; Accepted February 24, 2017

ABSTRACT:  In this work, rigid polyurethane foams were synthesized from renewable sources using different catalysts
to study their effect on the mechanical, thermal, chemical and surface properties of the foams. A commercial
foam pattern was used as the reference pattern to compare the aforementioned properties. Concentrations of
the commercial catalysts were optimized o obtain foams with similar mechanical properties to the commercial
foam. Morphological characterization of the foams was performed by scanning electron microscopy (SEM).
Fourier transform infrared (FTIR) spectroscopy was employed to investigate the characteristic functional
groups. Thermal characterization was performed by means of differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA). Furthermore, mechanical properties were also determined by dynamic
mechanical thermal analysis (DMTA). The optimum system of catalysts was composed of 33 Lv and
triethanolamine, which achieved a foam with better performance than the commercial foam.

KEYWORDS: Polyurethane foams, catalysts, mechanical properties, renewable sources

1 INTRODUCTION

For decades, the chemical industry has produced poly-
mers based on oil derivatives. As the accessible global
oil reserves are dropping, and the ecological footprint
that comes along with oil-based materials is increas-
ing, these products are no longer ecologically afford-
able nor socially accepted. Over the past few years,
plenty of efforts have been made for the development
of eco-friendly polymers; that is, polymers based on
biomass and/or able to biodegrade [1].

Polyurethanes (PUs) are polymers with versatile
properties and with a wide range of industrial appli-
cations such as medical devices, furniture, coatings,
packaging, adhesives, construction materials, fibers,
elastomers, paints, and padding [2-4]. More specifi-
cally, PU rigid foams are in high demand as thermal
insulators for the construction industry [4].

*Carresponding authors: rgonzalez@cenat.ac.cr

DOL: 10.7569/JRM.2017.634118
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Polyurethanes are complex matrices composed
basically of two parts: the polyol, which is an organic
structure with at least two hydroxyl moieties; and the
prepolymer, a diisocyanate material that has already been
partially reacted with a polyol counterpart to control
the viscosity, volatility, reactivity, and toxicity of the PU
precursor [5]. When both components are mixed, they
react exothermically to form mainly urethane groups
(1), covalently bonding the prepolymer and the polyol
to form the foam. Other important reactions take place
during foaming: a reaction between water and the iso-
cyanate groups that produces amines and gaseous CO,
that bubbles up through the system and sculpts the
foam framework (2); a reaction between the produced
amines and the isocyanate to form ureas (3); subse-
quently, ureas react with isocyanate and form biurets
(4) and a trimerization reaction between the isocyanate
molecules themselves to form isocyanurates (5) [4, 6].
These reactions are shown schematically in Figure 1.

The chemical and mechanical properties of PU rigid
foams are derived from the prepolymer and polyol
formulation (isocyanate/hydroxyl molar ratio, length
of the polyol chains, molecule rigidity, crosslinking

o
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5. Nanoparticulas Bioactivas de Extractos Naturales
y Tejidos Biomiméticos Nanoestructurados
Dr. Rodolfo Jesus Gonzalez-Paz

Nanoparticulas de Propéleo Nanoparticulas de Tinospora

40.00 nm

¥ium)

L b o Ll a1l - "
R R B S VRS TR 0.00 am
Xpr) .. L,
Tejido Biomimético >
REGENERACION CELULAR Cambio Morfoldgico
Estudio Termodinamico
del Autoensamblaje de
Proteinas durante la
170 formacion del Tejido
I 1000ugml :;' I 1000{ug/ i}
[ 100ugml ] "
- ougm! o
4 12
}?S_ 3000-00.. T
g‘g: or Lo ..-IIII:10
= o = -3000 |- . 1e
3 s o = ]
7w T WOE g o i j
po E i
o g -9000 | & G -
0 2 48 2 0 20 = %415000_ ..000..0.000..._4
Qo
Time (hrs) Tiempa (his) § -18000 o 5
L v ™ " = Area bajolacurva 42
-24000 - pH Bl
1 1 1 1 1 1 1 1 1 1 0

N L
N

2 4 6 8 10 12 14 16 18 20
Inyeccion

ENSAYO DE NanolTC

92.6 nm

85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0

45.0
37.3

Tejido Biomimético + Nanoparticula

Heat Flow (W/g)

ENSAYO DE DSC

00

05

-2,5

-3.0

-3,5
——Tyophiized Collagen

—— Collagen+Propolis Nps 10
~—— Collagen+Propolis Nps 100
—— Collagen+Propolis Nps 1000

40

-4,5+

50 i :

T T T T
100 120 140 160

Temperature (°C)

Efecto de la nanoparticula
sobre la temperatura de
desnaturalizacidn de la
proteina en tejido.

29



Nanoparticulas de propdleo como
plastificante (glicerol y sorbitol)

Production of Starch Films Using Propolis Nanoparticles as
Novel Bioplasticizer

Karolina Villalobos', Hider Rojas', Rodolfo Gonzalez-Paz?, Daniel Brenes Granados?, Jeimmy Gonzalez-Masis?,
José Vega Baudrit'? and Yendry Regina Corrales-Urefia'
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ABSTRACT:

Because starch is a biodegradable polymer with low cost and wide availability it is an attractive material for

producing edible films for fruits. Films produced with pure starch have the disadvantage of being fragile.

To overcome this issue, propolis nanoparticles were used as a novel plasticizer. Mechanical, thermal and
morphological properties of the films containing 0.5, 1 and 3 wi.% propolis nanoparticles were evaluated. The
best performance was obtained using (.5 wt.% propolis, increasing the Young's modulus and decreasing the
glass transition temperature (T ), showing their plasticizing effect. The results of scanning electron microscopy
(SEM) and atomic force microscopy (AFM) images showed a homogenous material with a low quantity of
cracks and higher roughness than the pristine starch film. A more hydrophobic material was obtained due

to the resin and wax compounds present in the propolis nanoparticles. This study shows the novel use of

propolis as plasticizer for starch films.

KEYWORDS: Propolis, starch, plasticizer, antimicrobial agent, bioplastic

1 INTRODUCTION

Many efforts have been made to produce materi-
als from renewable sources due to the environmen-
tal problems related to the non-biodegradable waste
generated by petrochemical-based polymers and
their amount of residues [1]. In the last decade, there
has been an increased interest in the production and
use of plastics implementing biopolymers as subsli-
tutes for synthetic polymers, especially for short-term
applications such as food packaging. Different types
of renewable sources have been promoted for the
development and application of these plastics such
as PLA, PHA, PHB, cellulose, and starch. However,
these plastics present several limitations like brittle-
ness, thermal instability, poor mechanical properties,
among others [2, 3].

Starch has been suggested as a great alternative
for producing bioplastics because of its low price,
thermoplastic behavior and abundance [4, 5]. It is
mainly composed of amylose, a linear polymer, and

*Corresponding author: yendry.corrales.urena@gmail.com
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amylopectin, a highly branched polymer [6]. It is a
nontoxic and biodegradable compound. However, the
films produced using only starch have poor dimen-
sional stability and mechanical properties caused by
high intermolecular forces [1, 7]. Consequently, it is
necessary to implement chemical or physical modi-
fications to enhance the functionality of the material.
Some strategies used to enhance their mechanical
properties are crosslinking, oxidation, acid hydrolysis,
ultrasound waves, microwave radiation, annealing
and mixture with additives like polyols, sugars, anti-
oxidants, lipids and waxes [1, 8]. Therefore, plasticiz-
ers increase flexibility by reducing the intermolecular
forces of polymer chains. In this study, propolis will
be evaluated as a plasticizer to improve the flexibility
of the material. Plasticizers are characterized by their
low molecular size, allowing them to integrate the
intermolecular spaces between the polymer chains.
Therefore, increments of plasticizer can increase the
free volume and the molecular mobility [9]. The most
common plasticizers for biopolymers are glycerol and
sorbitol [6, 10, 11]. These substances, when incorpo-
rated into the polymer network, increase the flexibil-
ity and workability of the material and also decrease
the hardness, density and deformation that lead to an

9%
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6. Sintesis verde de nanoparticulas de plata

M.Sc Gabriela Montes de Oca
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Fig 1. Sintesis de nanoparticulas por el método de sintesis verde
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7. Produccidon del polimero biodegradable Polihidroxibutirato a partir de desechos de la industria
bioenergética
M.Sc Gabriela Montes de Oca
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Obtencion de PHB de glicerol
residual de la sintesis de
biocombustibles

Production of Polyhydroxybutyrate (PHB) by Bacillus
megaterium DSM 32 from Residual Glycerol of the
Bioenergy Industry

Enzo Alvarado-Cordero', Gabriela Montes de Om—Vésquez’, Reinaldo Pereira-Reyes?, José \u’ega—BaudritZ and

Marianelly Esquivel-Alfaro™
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“National Nanotechnology Laboratory, National Center for High Technology, 1174-1200, Calle Costa Rica, Pavas, San José,

10109 Costa Rica

Received November 11, 2016; Accepted February 23, 2017

ABSTRACT:  Biodegradable polymers from renewable resources are generating growing interest in the plastic
industry because they have properties similar to synthetic polymers. Polyhydroxyalkanoates, mainly
polyhydroxybutyrate (PHB), have mechanical and physicochemical properties very similar to their synthetic
counterparts. This work explores the use of residual glycerol from the bioenergy industry for the production
of PHB by Bacillus megaterium DSM 32. The ghycerol works as a source of carbon and energy. Raw glycerol
was purified with sulfuric acid in order to neutralize saponified fatty acids. The purification process generated
three different phases. One of the phases was the glycerol-rich layer; this layer was filtered and concentrated by
vacuum distillation process. The purity of the glycerol was determined by thermogravimetric analysis (TGA).
Additionally, the physicochemical properties, like viscosity, pll, ash content and density, were measured. The
experiments were conducted in shake flasks at 30 °C and 120 rpm. Different glycerol concentrations (20, 30,
40 g /1) were used to evaluate the influence of the initial concentration of glycerol on the biomass accumulation
and biopolymer production. The purified glycerol obtained had a high purity (~ 89.5-92.13%); this material does
not contain fatty acids, although it contains ~3.7% salts. The final PHB concentration obtained was 0.054 mg/ml..

KEYWORDS: Polyhydroxybutyrate, glycerol, biopolymer, Bacillus megaterium, biomass

1 INTRODUCTION

Due to the increase in oil and natural gas prices, and
the high environmental impact generated by synthetic
plastics, bioplastics are becoming increasingly more
competitive with petroleum-based resins [1]. One
alternative to bioplastics is the use of biopolymers
such as polyhydroxyalkanoates (PHAs). They have
the advantage of being biodegradable and can be pro-
duced from renewable resources [2].

The PHAs are a family of biopolyesters of 3, 4, 5, 6
hydroxyacids. These compounds are accumulated as
intracellular granules. The PHAs can be synthesized
by many Gram-positive and Gram-negative bacteria
[3]. These compounds represent an alternative source
of energy under limited conditions of some essential

*Corresponding author: mesquive@una.cr

DOEL 10.7569/TRM.2017.634123
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... este PHB se puede usar para....

nutrients like nitrogen, sulfur and phosphorus and
under an excess of available carbon [4]. The use of this
polymer by the bacteria is considered a survival strat-
egy in changing environments [1].

Pnly—}hydmxyburyrale (PHB) is the most com-
monly produced PHA [5, 6]. This polymer is of great
commercial and environmental interest as a biode-
gradable plastic material [7] because of its physi-
cal properties, which are very similar to those of the
petroleum-based plastics. PHB is a thermoplastic that
is free from trace catalysts and other chemical com-
pounds, which makes it a nontoxic material, in addi-
tion to being biocompatible [8]. Also, PHB is insoluble
in water and is resistant to hydrolytic degradation,
which differentiates it from other polymers of bio-
logjical origin. Its permeability to oxygen is very low,
which makes it a suitable material for use in the pack-
aging of products sensitive to oxygen [9].

One strategy for improving the production of PHB
is the use of strains capable of synthesizing biopolymer

7
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La nanotecnologia viene a dar un nuevo enfoque para potenciar los agentes antimicrobianos y ayudar a
combatir esta problematica de resistencia a los farmacos
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Y. Desarrollo de envases comerciales biodegradables
Dr. Bernal Sibaja

Derivado de Biomasa Objetivo: Producir un envase biodegradable
con materiales de origen biomasico para su uso
Bloplastico comercial

e.g. bio-
based PE,
PET, PA,

No .
______________ B I
Biodear ; iodegradable

Plastico Bioplastico
Conventional ¥ e.g. PBAT,
e.g. PE, PP, PCL

PET

Derivado de petréleo

European Bioplastics two-axis model
diagram

El interés en los bioplasticos se ha incrementado
significativamente debido a precupaciones generadas por el
cambio climatico, precio del petrdleo, entre otros.
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Optimization of Microwave-Assisted and Conventional Heating
Comparative Synthesis of Poly(lactic acid) by Direct Melt
Polycondensation from Agroindustrial Banana (Musa AAA
Cavendish) and Pineapple (Ananas comosus) Fermented Wastes

Pablo Jiménez-Bonilla - Jessica Salas-Arias -
Marianelly Esquivel - Jose Roberto Vega-Baudrit

Published online: 25 June 2014
@ Springer Science+Business Media New York 2014

Abstract In Costa Rica, a lot of pincapple (Ananas
comosus) and banana (Musa AAA) agroindustrial residues
are generated cach year. These residues can be used to
obtain r-lactic acid by fermentation, ultrafiltration and
clectrodialysis. Poly(L-lactic acid) (PLLA) is a biodegrad-
able and renewable polyester with many industrial and
biomedical applications. There is a growing interest to
improve the energetic efficiency of the synthesis of PLLA,
because the main issue to produce this polymer is the high
productive cost compared with petrochemical traditional
commodities. In this research, the synthesis of PLLA
through two different techniques was compared: micro-
wave-assisted and conventional heating. On microwave
synthesis the best results were obtained using lower tem-
peratures and lower reaction times than the conventional
heated synthesis. The reaction time was reduced from 15 h
by conventional heating to 4.5 h using microwave-assisied
synthesis.,
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Keywords Microwave-assisted synthesis - Poly(lactic
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Banana wastes - Green chemistry

Introduction

In the last years, the two major export products in Costa
Rica were the banana (Musa AAA) and the pineapple
(Ananas comosus). The agro-industrial banana and pine-
apple wasles have been an environmental problem. These
wasles are a carbohydrate source and these can be used to
produce fermentative derivatives. Recently, a process for
production of 15-16 g/100 mL vr-lactic acid from agro-
industrial wastes was developed, by means of an enzymatic
pretreatment, lactic fermentation, nanofiltration and elec-
trodialysis purification [1].

There are two traditional ways to polymerize the lactic
acid: the ring opening polycondensation and the direct melt
polycondensation. The ring opening method consists of
synthesizing a dimeric cyclic compound (lactide), which
can be polymerized through further chemical reactions; the
direct melt polycondensation does not need an intermediate
compound, and produce a low molecular weight polymer
[2-6]. Some of the advantages of the ring opening poly-
merization method are the higher molecular weight, as well
as the purity of the lactide obtained by sublimation. The
advantages of the direct melt polycondensation methed are
the lower production cost and the casier experimental
procedure. Scheme 1 shows the two ways to obtain poly
(L-lactic acid) (PLLA).

The poly(i-lactic acid) is a biodegradable and biocom-
patible polymer. PLLA is considered the first biodegradable
polymeric commodity, because the PLLA properties which
are comparable with polyethylene and polypropylene resins.

@ Springer
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10. Nanocellulose extracted from pineapple peels and banana waste.
Dra. Yendry Corrales
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Synthesis and Characterization of Nanocrystalline Cellulose
Derived from Pineapple Peel Residues
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ABSTRACT: Pineapple peel biomass was used as raw material for nanocellulose extraction. The raw material is a residue
from the Costa Rican fruil industry. The nanocellulose was obtained by a two-step hydrolysis process,
Firstly, the cellulose was hydrolyzed with HCI to obtain microcrystalline cellulose. In the second step, the
hydrolysis was carried out using H,50, to obtain smaller fragments and decrease the lignin content. A time-
dependent study was carried oul to determine the particle size decrease depending on the contact lime with
the H,50,. The chemical, thermal and morphological properties were analyzed by Fourier transform infrared

spectroscopy (FTIR), thermograv ric

lysis (TGA), dynamic light scattering (DLS), zeta potential, atomic

force microscopy (AFM) and scanning electron microscopy (SEM). The nanofiber-like cellulose was obtained

after 60 minutes of exposure to 656 wi% H,S0,.

KEYWORDS: Nanocellulose, pineapple peels, acid hydrolysis, waste

1 INTRODUCTION

Cellulose is the most abundant natural polymer on
earth’s surface, and it's the primary component that
provides stiffness and strength to plant structure.
Roughly a third of the plant’s anatomy is composed
by cellulose, and each year 1000 tons are produced by
natural synthesis [1-3]. Since cellulose is highly avail-
able, biodegradable, naturally renewable and bio-
compatible, it has become a material of particular rel-
evance among scientists and material developers [1].
Because of these properties, it has been proposed as
an alternative material to substitute petroleum-based
polymers [2—4]. In Latin America, the pulp and juice
of pineapples are exported while the shells remain in
the country. These pineapple peels constitute a rich
source of cellulose [5]. Fibers composed by cellulose
constitute 19 wt% of the fruit and are composed of cel-
lulose, hemicellulose and lignin; making it a potential
material for obtaining nanocrystalline cellulose (NCC)
due to the large amount of residues generated by agri-
cultural industries [6].

*Corresponding authors: yendry.corrales.urena@gmail.com

DOI: 10.7569/JRM.2017.634117

I. Renew. Mater., Vol. 5, Nos. 3-4, July 2017

Cellulose is a linear carbohydrate polymer com-
posed of p-glucopyranose units linked by glycosidic
bonds. The NCC has a fiber-like and rod-like structure;
therefore, it is crystalline [7]. Crystalline structures are
formed by intra- and intermolecular hydrogen bonds
[8]. The molecular length and properties depend on
the natural source [9]. The particles length and width
falls within the range of 200-500 nm and 5-10 nm,
respectively [10].

Nanocrystalline cellulose exhibits many physi-
cochemical qualitites that confer unique properties
such as high bending strength (~10 GPa), a Young's
modulus of approximately 150 GPa, high aspect ratio
and specific surface area. Consequently, it has been
used as reinforcement for polymer matrices [11].
Additionally, the surface of NCC is covered with polar
groups such as hydroxyl groups, which provide high
moisture adsorption capacity and surface reactivity
[12]. Nanoparticles derived from cellulose present a
strong potential as stabilizers for oil-water suspen-
sions (fats in toppings, salad dressings and sauces) [2],
as reinforcement [13], drug delivery excipient, enzyme
immobilization and scaffold for tissue engineering
[12, 14] and biosensors [15], among others.

Acid hydrolysis of cellulose is the most common
process for obtaining NCC. The amorphous fraction

; @ 2017 Scrivener Publishing LLC 271
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11. Desarrollo de sistemas de liberacion de farmacos para mitigar
las consecuencias de enfermedades neurodegenerativas
Dr. Bernal Sibaja

Diseases of the Brain | Progressive conditions affect the body and mind in different ways

Alzheimer’s symptoms Parkinson’s symptoms
Cognitive: Memory loss and Cognitive: Loss of executive
deterioration in thinking and functions, including planning,
planning functions decision-making and

controlling emotions.
Physical: Tremors, stiffness

Physical: In mid-stage, disease
could include slowness, rigidity
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Structure Structure Structure Structure Structure Structure
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12. Nanotecnologia aplicada al combate de mosquitos
vectores de enfermedades como Dengue, Malaria, Zika.

Dr. Bernal Sibaja

Paises con casos confirmados de virus zika

Puerto Rico Objetivo: Sintesis de nanoparticulas vy
nanocristales metalicos a partir de extractos
con plantas con actividad contra artropodos
para mitigar las enfermedades que transmiten.
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Para los meses de septiembre y octubre, la
cantidad de roya en las parcelas del Valle
Central y el Occidental de Costa Rica se ha
reportado un aumento del 30% en la
incidencia de la roya en el café.

Objetivo: Desarrollo de un sistema de liberacion
de agentes activos que mitiguen el avance, asi
como el nimero de dosificaciones de fungicidas,
contra la roya utilizando biopolimeros
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Nanobiodiversity: The Potential of Extracellular
Nanostructures
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ABSTRACT:

As an outcome of millions of years of evolution, biological systems have developed different methods

to interact with their surroundings. Many of these adaptations, such as secretions, light-interacting

surfaces, biochemical active compounds, and many other survival strategies, are phenomena occurring at
the nanometric scale. In this review, we describe how extracellular nanometric structures are responsible for
manipulating energy and matter, creating some of the emergent properties of life. Iridescent colors in birds®
feathers, the manipulation of wettability of insects” exoskeletons, the adhesive properties of nanopatterned
secretions and the ability to polarize light are examples of the potential of extracellular nanostructures. We
defined the study of extracellular nanostructures as “nanobiodiversity,” a unifying concept that emphasizes
the inspiration that life at the nanoscale offers, not only for designing new materials, but also for its

understanding,.

KEYWORDS: Extracellular structures, biomimetic, biodiversity, nanopatterns, nanobiodiversity, evolutionary biology and

bio-nanotechnology

1 INTRODUCTION

Life on earth encompasses not only an astounding
number of genetic and biochemical pathways, but
also a plethora of emergent structures at the nanomet-
ric scale [1]. Nanostructures are ubiquitous through-
out the phyla and achieve a variety of functions that
support the survival of the species. Conservatively
assuming a figure of 8 million extant species on our
planet [2], each one producing at least one type of
extracellular nanostructure, then it is likely that the
most varied forms of naturally occurring nanostruc-
tures are of biological origin. Precisely speaking, the
replication and perpetuation of cells depends on sev-
eral intracellular nanometric structures (INS), which
are in charge of moving chromosomes, shaping the
cell membrane, producing energy and replicating
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the genome [3]. Most of the 20th century cell biol-
ogy and biochemistry has successfully unraveled the
principles upon which these nanomachines work
in coordination to produce life. By contrast, much
less is known about extracelullar nanometric struc-
tures (ENS) which function at interfaces between
living systems and their environment. For instance,
we can reconstitute large protein complexes and
explain how they are able to replicate DNA, create
microtubules and remodel membranes; however,
we are just beginning to understand the synthe-
sis of a diatom silicon shelve or the mechanisms
that ensure the faithful disposition of nanometric
structures in feathers, the eye lenses of insects, and
the emergent properties of some extracellular exu-
dates [4]. Paradoxically, despite the great variety of
organic nanostructures produced by living beings,
there is no unifying concept to describe the aim of
understanding and characterizing the extracellular
nanometric structures. The goal of this review is to
propose a concept that specifically defines the study
of the extracellular nanostructures produced by
living systems: Nanobiodiversity.
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15. A nanotechnological approach for control of nematode pest

Dra. Yendry Corrales

Nematode

« Not clear how they're attracted to the roots.
« Trabajo con la empresa Bayer de Alemania.
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the onychophorans worms using nanotechnology techniques
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Barnacles Velvet worms

Identification of adhesive principles in Costa Rican biodiversity

J Zoolog Syst Evol Res (2014) 52 (4), 265--272

http://5cense.com/costarica/CR23.htm
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17. STRUCTURAL COLOR OF COSTA RICAN BIODIVERSITY

BQ Felipe Orozco

Ding, Y., Xu, S., & Wang, Z. L. (2009). Forster, J. D., Noh, H., Liew, S. F., Saranathan, V.,
Structural colors from Morpho peleides Schreck, C. F., Yang, L., ... & Cao, H. (2010). Biomimetic
butterfly wing scales. Journal of applied isotropic nanostructures for structural coloration. Advanced
physics, 106(7), 074702. Materials, 22(26-27), 2939-2944.
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19. Volcanic nanoparticles and microparticles
Dra. Yendry Corrales, Biol. Rey Pereira

Turrialba Volcano

Which is the morphology of the particles?
Which is the chemical composition?
Which is the impact of this material at the farms?
Do these materials catalyze reaction?
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* Development of experimental cellular models and procedures with immunoglobulins
(IgGs) from patient sera as diagnostic and prognostic technologies related to
neurodegenerative diseases, NDs (particularly based on amyotrophic lateral sclerosis -
ALS research).

* Defining mark-up characteristics of the standardized in vitro approach for personalized
diagnostic protocols for NDs.

* Design of a small-scale platform based on automated fluorescence microscopy.
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Cholic acid covalently bound to multi-walled carbon nanotubes:
Improvements on dispersion stability
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« MWCNT functionalized with cholic
acid formed stable dispersions in
aqueous and organic polar and low-
polarity solvents,

= Biomi i functi
approach using cholic acid.

» Chemical route for covalently func-
tienalization of the MWCNT with bile
salts were presented,

= Micellar structures attached to the
MWCNT  surface  stabilized  the
nanotubes,
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ABSTRACT

Article history:
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Available online 1 August 2017

Despite the vast volume of literature regarding the interaction between carbon nanotubes and surfac-
tants, the effect of the covalent attachment of an amphiphilic surfactant based on a biomimetic approach
to multiwalled carbon nanotubes {MWOCNT) has not been explored. In this report, the functionalization of
the MWCNT surface with cholic acid by a chemical route is described. A three-step MWCNT chemical
nnd]ﬁ\‘dh(!ﬂ route was carried out and the properties of the intermediate and final materials were

X-ray ph lectron spectroscopy (XPS), transmission electron microscopy (TEM),
s atomic force micrescopy (AFM) and zeta pm:ntlal measurements. After functionalization, the MWCNT
M“mm“‘m carbon nanotubes showed a facial bi hiphilic behavior; imps lhl dispersion stability as compared to commercial
Amphiphilic and oxidized MWCNT. The resulting material pi d the pristine multi-walled structure and origi-
Cholic acid nated surprisingly stable dispersions in aqueous and organic polar and low-polarity solvents.
Covalently bound @ 2017 Elsevier BV. All rights reserved.
1. Introduction to be reported and they have ated to be impressively

versatile and functional nanoscaffolds with fine-tunable therma]

Carbon nanotubes are perhaps the most studied carbon allo- optical, mechanical and chemical properties [2]. Since the discovery
trope to date [1]. MWCNT were the first kind of carbon nanotubes of MWCNT a [3] series of approaches to provide them with chemical

* Corresponding author.

functionalities have been explored including covalent [4—6], non-
covalent [7—10], and mixed [6,11] strategies, leading to a vast
number of applications as catalytic [12], electronic [13], sensing

E-mail address: yendry386@hotmail.com (Y.R Corrales-Urena).

Evaluation of Microleakage by Gas Permeability and Marginal
Adaptation of MTA and Biodentine™ Apical Plugs: In Vilra Study

Fvaluacion de la microfilracion por permeabilidad de gas y adaptacion
marginal de tapones apicales de MTA y Biodentine™: Estudio in viro
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ABSTRACT

The endodontic treatment of teeth with incomplete development is always a comples task, Nowadays,
biomaterials such as bioceramics offers promising clinical evidence that supports its use. However, the
standardization of its use for apexification purpose still needs a deeper understanding of the materials'
behevior, The aim of this investigation was o evaluale the marginal adaplability and microleakage by gas
permeahility of MTA and Biodentine™ apical plugs in an in witre model. Materials and methods: Twenty-
four singhe rooted human feeth were selected according to previously stablished inclusion criteria.
All samples were prepared obtaining standard cylindrical internal canals with a diameter of 1.3 mm.
Root canals were gently rinsed using 5.25% sodium hypochlorite and EDTA 17%. The apical 3mm and
remaining coronal dental struclure were seclioned lo oblain 10mm rools. Rools were randomly assigned
to 3 different groups as follows: GROUP &: MTA (n=10), GROUP B: Biodentine™ (n=10) and Group C:
Contral {positive n=1, negative n=23), MTA and Biodentine™ were prepared according to manufaciurers
indications, and apical plugs of Amm were passively placed in the comespondent teeth. All samples
were stored in saline solution for 7 days at 37°C before evaluation. Samples were mounted in cylindrical
sample-holders using epoxy resin. Microleakage was evalualed with an automalic permeability detector
that calculates nitregen diffusion between the material-rool inferphase. After microleakage evaluation,
the: samples were recovered and analyzed by scanning electron microscopy (SEM), Microleakage results
were analyzed using Chi-square and adaplation was evaluated with a descriplive analysis. Results:
None of the evaluated materials completely avoided the nitrogen microleakage (positive leakage of 10%
and 20% of samples for MTA and Biodenline™ respeclively); with no slalislical signilicant dilference
between groups (p=0.527). Al apical plugs showed good adaptation under SEM, at 30x, 200x, 1000x

EFENES K., CONEJOE, VEGA ., MONTERD M., GHARARRIA D)., 2017 Evahuation of Micraeakage by Gas Permestiity and Marginal Adaptation of
MIA ard Biodenine™ Apical Plugs: [ Vilra Study.-DDOVTOS It J. Dental Se., 15-2 (May-Augusti: 97-107.
COOVTEESWL L el 5 | B 152505 100, 2007 SN 1046. ¢

"Physical and Chemical Characterization of PLA
Nanofibers and PLA/ZrO2 Mesoporous Composites
Synthesized by Air Jet Spinning" has been

successfully submitted online and is presently being
given full consideration for publication in the Materials
Research.

hittp:ffdx.doi.org/10.1016/j.matchemphys.2017.07.089
0254-0584]0 2017 Elsevier BV, All rights reserved,

Sales biliares: acido célico sobre NTCPM:
biomimetismo. Comportamiento bioanfifilico
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Nanobots: Development and Future

e

Abstract

more detail the applications related to medicine.

Keywords: Nanobots; Nanomotors; Nanomedicine; Nanosensors

Some decades ago. nanoscale machines called “nanorobots™ (better known
as "nanobots”) were only in science fiction. Today, they are expected to be the
next generation of nanodevices and to change the technology related to medical
diagnosis and drug delivery. Many challenges have to be faced to develop this
technology: not only from the technical, biological and physicochemical point
of view but also concerning the risks of using new materials and devices at
nanoscale and their interaction with the environment and human beings, The aim
of this review is to describe the nanobots, the technology and advances and in
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Introduction

The first scientist to mention the term "nanobots” was the
physicist Richard Feyman in 1959; when he gave his popular talk
named “There’s Plenty of Room at the Bottom. He commented
about nanodips and nanobots for curing heart diseases [1,2].
Later, the scientist Eric Drexler, inspired by the talk published
his book “Engines of Creation”, where genetically programmed
molecular machines were mentioned as upcoming technologies
in cellular biology [3]. The first study related to nanobots was
made by Robert Freitas [4]. It was related to medical nanobots
called respirocytes; resembling red blood cells [4]. Nanobots
could be defined as a controllable nanoscale machine composed
of a sensor and a motor, capable by performing specific tasks [5].
These are not comparable to a drone, instead are more similar
to a complex piece of fabric [6]. Robert Wood defined them as
devices that detect friends or enemies; undergoing through a
conformational change when they sense an enemy, catalyzing the
release of a substance that can act against it [6].

Nanobots properties

Nanobots can be produced using organic materials such
as proteins and polynucleotides, or inorganic materials such
as metals or diamond [1.7]. In the case of diamond, this stands
out for its high strength and high performance. Metals could
have double purposes, for example silver. It can be the base of
a nanobot and to have an antibacterial effect [8-10]. In some
cases, they can act as a virus causing irreversible cell damage
[5]. The surface properties of the nancbots are a key factor to
define the solubility and interactions with other macromolecules
or cell surfaces. Size or shape of a nancbot will affect directly
their motion, permeabilization and reactivity [11]. Different
extracellular nanostructures could be used as model. Ga etal. [12]
used spiral water conduction vessels of plants coated with thin Ti
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and Ni layers, achieving efficient propulsion in biological media
[12]. Depending on the fuel used,  the propulsion mechanism
can be biocompatible or not [13,14]. Further information about
propulsion mechanisms will be presented in section 4.1.

Parts

One of the main interests for the research of nanobots in
medicine has been to develop treatments targeting the exact
point where it is needed, with the idea of minimizing the impact
on healthy parts of the body that any regular treatment has
[15]. This idea suggests having nanobots designed to detect and
mobilize to a determined part of the body where the problem
is located and, in the best scenario, send feedback. Because of
these determinant tasks (detect and mobilize), two devices can
be identified as essential: sensors and propulsion equipment; and
from this information it can be deduced some other devices will
be needed as well, like power supplies and molecular computers,
without excluding devices to develop a specific task like storage
compartments or manipulators [2].

Sensors

Sensors are one of the most important parts in nanobots.
Mechanical, thermal, optical, magnetic, chemical and biological
gensors have been tested in nanobots applications [14]. Any
sensor that uses a nanoscale phenomenon for its operation is
classified as a nanosensor [14]. On the organic part, biosensors
utilize biological reactions for detecting target analytes [16], and
considering the need to accomplish the target treatments goals of
nanobots in medicine, this type of sensors are the most evident
devices to explore in the field of nanorobotics. A clear example of
this type of sensors is the utilization of nano cantilevers as a Nano
Electro Mechanical System (NEMS). This system utilizes biological
material that will be attached by itself to a coated cantilever,
causing fundamental changes in mass or its surface tension [17].

Int] Biosen Bioelectron 2017, 2(5): 00037
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Porous materials and nanoparticles are now day on the scope of many researches that study different
application m all science areas, and the medical field is impacted by this technology. Applications
like drug release, sensors, cancer treatments, tissue engineering, implants, ete. On this development
the silicone or polydimethylsiloxane (PDMS) play a key role, this polymer is frequently used for
medical applications as cardiac pacemakers, mammary prostheses, implants. heart valves, etc.

Porous silicone materials with immobilize nanoparticles can resolve some limitations from the non-
porous silicone. At leaching method with sieve sugar was used to prepare a porous silicone with a
controlled pore size distribution and mean pore size of 160 micro meters. Later this material was used
to immobilized gold, silver and copper nanoparticles, cytotoxic study with MTT assay was running
through ISO/EN 10993-5 and ISO/EN 10993-12, and the study non evidence statistical cytotoxicity
differences between pure porous silicone matrix and porous silicone matrix with silver, gold
nanoparticles or their combination, but copper nanoparticles immobilized over the silicon porous

matrix evidence statistical difference on cytotoxic effect over the same cells (L929 fibroblast).

Copyright © Solano-Umaifia, Victor and Vega-Baudrit, José Roberto, 2017, this is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted use. distribution and reproduction in any

medium, provided the original work 1s properly cited.

INTRODUCTION

Tissue engineering and human implants technology are a
medical field that change every year, the nanomedicine
combines different engineering techniques and science, like
medicine, material engineering, biology. physics, chemist and
others expertise to continue with the develop of new materials
that could be addressed all requirement from our body.

This medical field associated with repairing or replacing parts or
the whole damaged tissues such as bones. cartilages, blood
vessels. and bladder utilizes living cells that are implanted or
seeded in a scaffold to act as substrates for holding cells that will
create a new tissue. To achieve tissue reconstruction as hard
tissues and scaffolds, the materials must fulfill some specific
requirements such as high porosity, adequate pore size,
biodegradability, and biocompatibility. Therefore, scaffolds or
implant materials characteristics are important for the success of
the implantation process and extremely depend on the tissue to
be regenerated or body place to be used for the implant. (Zandi,
Mirzadeh, Mayer, Urch, Eslaminejad, Bagheri and Mivehchi,
2008)

Biocompatible implants and scaffolds allow the human body to
restore the biological and mechanical functions; therefore
manage to increase the quality of life Depending on the

“Coresponding author: Solano-Umaiia, Victor

biomedical application, the material has to withstand mechanical
loads. while conducting a long term interaction with the
surrounding  biological tissue 15 promoted. Bulk material
properties of the implants and scaffolds are primarily responsible
for the load bearing capacities. where the interaction with the
surrounding tissue is governed by the material surface (Doak.
Gupta. Manivannan, Ghosh and Kahol. 2010; Feng. Gu. Yang,
Hu, Lu and Huang, 2009).

The properties of porous matenals, micro, meso  and
macroporous surfaces, based on the application and the
requirement for porous size, roughness, interconnected
channels, functionalized surface, to be able to induce tissue
regeneration could be addressed today. and these material
porous design have been combined with different properties and
abilities to host (adsorption or absorption) and release specific
biomolecules that promoted cell growing inside and over the
porous surface (Solano-Umafia and Vega-Baudrit, 2015).
Immense research during the last decade has been devoted to
adjust the morphology (the size and shape) of solids at various
length scales from the nanometer to the micrometer scale
(Kuschel, and Polarz. 2008; Qin, Ren, Zhu, Zhang, Shang, and
Wei, 2011). The porous materials research has been done with a
variety of pore sizes, shapes and densities. but crucial feature 1s
the increase in the material surface, which helps improve
absorbent and adsorbent properties (Mitra, Vazquez- Vazquez,

Envivonmental Management Master Degree, Sentor Chemist Hologic Surgical Products, Science PAD student DOCINADE- Costa Rira
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Abstract

Quality assured surface pre-treatment may greatly enhance adhesive interactions

and, thus, the performance and durability of material joints. This holds true as well for
substrates used In coating processes as for adherents introduced into bonding pro
casses. Wettable polymeric wetting agents—shortly called polymeric interfactants—
contribute to modifying surfaces and governing the properties of interphases. This s
demonstrated for amphiphilic polymers directing the adsorption of graphene oxide
(GO) nano-sheets from aqueous dispersicn on alumina surfaces. In this contribution,
contact angle measurements as well as X-ray photoelectron spectroscopy and scan
ning force microscopy Investigations are applied for the characterization of thin films.
GO 1s adsorbed either from a buffered dispersion en pristine aluminum oxide surfaces
or on alumina modified with a few nanometers thin layer of a polymeric interfactant.

| aterally extended nanoparticles and GO nano-sheets are preferentially found on inter
factant layers whereas on pristine aluminum oxide smaller adsorbates dominate. The
driving forces directing the GO attachment are discussed using a phenomenological
maodel based on polymer/substrate interactions governing the sticking probabilities of
GO nano-sheets with different sizes.

Keywords: Functional surface layers, Polymeric interfactants, Amhiphilic polymer,

Graphene oxide immobilization, Aluminum oxide, Surface analysis

Background

Adhesive bonding technology and especially bonded light metal joints play an important
role in vehicle and aircraft construction [1]. Among numerous approaches for the surface
pretreatment of light metal adherents or substrates, layers formed by amphiphilic poly-
mers may contribute in increasing the durability of adhesive joints or coatings [2, 3]. The
adsorption behavior of amphiphilic polymers on oxide, hydroxide or carbonate-based
reaction layers on the surfaces of light metal alloys recently was investigated by dissipative
particle dynamics (DPD) simulations [4, 5. The resulting some nanometers thin adsorb-
ates were characterized by electron emission, e.g. using X-ray photoelectron spectroscopy
(XPS) or optically stimulated electron emission (OSEE), by wetting techniques, and with
respect to their chemical interaction with liquid water [5, 6]. Concerning the film nuclea-
tion and growth of further moieties on top of the resulting polymer-coated surfaces, the

@ The Author(s) 2017 This armicle 15 distributed under the terms of the Creative Commons Attnibution 4.0 International License
{hitp/oreativecommons.orglicensesoy/4.04, which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original authoris) and the source, provide a link to the Creative Commans license, and
indicate If changes were made.
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Silver Nanoparticles: Technological
Advances, Societal Impacts, and
Metrological Challenges

Bryan Calderén-Jiménez **, Monique E. Johnson’, Antonio R. Montoro Bustos',
Karen E. Murphy', Michael R. Winchester" and José R. Vega Baudrit**

¥ Matorial Measuroment Laboratory, Chemical Sciences Division, Nafional Institute of Standards and Tochnology,
Gaitharshurg, MD, USA, ? Chamical Matrology Division, National Laboratory of Metrology, San Jose, Costa Fica, * National
Laboratory of Nanotechnology, National Cenier of High Technology: San Jose, Cosia Rica

Silver nanoparticles (AgNPs) show different physical and chemical properties compared
to their macroscale analogs. This is primarily due to their srall size and, consequently,
the exceplicnal surface area of these materials. Presently, advances in the synthesis,
stabilization, and production of AgNPs have fostered a new generation of commercial
products and intensified scientific investigation within the nanotechnology field. The use
of AgNPs in commercial products is increasing and impacts on the environment and
human health are largely unknown. This article discusses advances in AgNFP production
and presents an overview of the commercial, societal, and environmental impacts of
this emerging nanoparticle (NF), and nanomaterials in general. Finally, we examine
the challenges associated with AgNP characterization, discuss the importance of the
development of NP reference materials (RMs) and explore their role as a metrological
mechanism to improve the quality and comparability of NP measurements.

Keywords: silver oparti health and safety, metrology, reference

materials

DEFINING NANOMATERIALS AND NANOPARTICLES: THEIR
IMPORTANCE IN NANOSCIENCE, AND NANOTECHNOLOGY

Standardization of vocabulary and nomenclature used in nanotechnology and nanoscience creales
a common language through which research and industrial activities can be defined. Moreover,
robust and well-founded definitions of the terms in these fields are essential to the formation of
legally defensible and beneficial regulations to protect the environment and human health (ISO/TS
80004-1, 2015). Currently, an internationally harmonized definition for the term “nanomaterial”
has not been established (Laovestam et al., 2010). Rather, a wide range of definitions are being used
by different national authorities, scientific committees, and international organizations (Lidén,
2011; Boverhof et al., 2015; Contado, 2015), a few of which are discussed in this manuscript.
The International Organization for Standardization (ISO) develops voluntary, consensus-based
standards through the participation of over 160 national standards bodies and has been active in the
promotion of uniform terminology in the field of nanotechnology. 15O defines a nanomaterial “as
a material having any external dimension in the nanoscale or having internal structure or surface
structure in the nanoscale™ (ISO/TS 80004-1, 2015). The term “nanoscale” is further defined by
IS0 as the “length range approximately from 1 to 100 nm™ (ISO/TS 80004-1, 2015). ISO classifies
nanomaterials in two main categories: Nano-objects and nanostructured materials. A nano-object
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1. Summary

Engineered nanoparticles (NPs) are being used for a broad array of high technology applications including
sensing, imaging, targeted drug delivery, bio-diagnostics, catalysis, optoelectronics and film growth seeding.
[1. 2]. The enhanced optical, electrical and catalytic properties of metal NPs are strongly comelated with their
size, shape, and structure [3]. As such, physicochemical characterization of NPs is critically important to
ensure their effective use and applicability.

Encapsulation of Bacterial Metabolic Infiltrates Isolated
from Different Bacillus Strains in Chitosan Nanoparticles as
Potential Green Chemistry-Based Biocontrol Agents against
Radopholus similis

Hilary Urefia-Saborio', Sergio Madrigal-Carballa', Jorge Sandoval?, José R. Vega-Baudrit® and
Alejandro Rodriguez-Morales®

!National Cenler for Biolechnological Innovatins (CENIBot), CeNAT-CONARE, San José, Costa Rica
Biocontrol Research Laboratory, National Banana Corporation (CORBANA), Gudpiles, Costa Rica
*National Nanotechnology Laboratory (LANOTEC), CeNAT-CONARE, San José, Costa Rica

Received November 01, 2016; Accepted February 13, 2017

ABSTRACT: Currently there is a trend towards reducing the use of agrochemicals in developing countries. However,
they are still being applied intensively in tropical countries. Thus, there is a trend towards developing new
products based on natural chemicals for pest control, leading to second-generation pesticides incorporating
nano- and biotechnologies. Costa Rica is one of the largest producers of bananas in the world. One of the most
important pests of banana and plantain crops is the burrowing nematode, Radopholus similis (Cobb) Thorne.
Highly toxic chemical compounds have traditionally been used to control this specific pest in banana plants,
which can have dang; effects on the envi and living beings as well. Biological control agents
(BCA) like Bacillus isolated from nematode suppressive soils, in combination with nano- and biotechnological
approaches, are gaining attention in the National Banana Corporation (CORBANA), as this plague generates
great economic losses for the country. In order to perform encapsulation of active banana nematode biocontrol
agents, we have been applying biopolymer carrier agents, such as chitosan and alginate, due to their
recognized biocompatibility, biodegradability and low toxicity. Therefore, we have developed innovative
formulations based on green chemistry approaches for encapsulating bacterial metabolic infiltrates (BMI) from
four different Bacillus strains in order to improve the persistence and spread of these biocontrol agents in the
soil and, consequently, becoming an effective pest control for banana plantations.

KEYWORDS: Banana, Radopholus similis, bacterial metabolic infiltrates, chitosan

1 INTRODUCTION

Green chemistry is a set of principles that reduces or
eliminates the use or generation of hazardous sub-
stances in the design, manufacture and application of
chemical products. Green chemistry moves products
and processes toward an innovative economy based
on protecting and improving soil quality, reducing
dependence on nonrenewable resources, such as fuel,
synthetic fertilizers and pesticides, and minimizing
adverse impacts on safety, wildlife, water quality, and
other environmental resources.

*Corresponding author: hilarydic93@hotmail. com

DOI: 10.7569/TRM.2017.634119

290 I. Renew. Mater, Vol. 5, Nos. 3-4, July 2017

Contra nematodos:

Reduction in the use of agrochemicals in develop-
ing countries is becoming a trend due to the intensive
application of pesticides and environmental pollut-
ants over the years. Different studies have concluded
that no more than 0.1% of the agrochemicals applied
in the fields can successfully reach the plague they are
designed to control; meanwhile, the rest of the prod-
uct circulates in the environment, polluting the sur-
rounding soil, water and biota [1]. Thus, new trends
in agrochemical design are now looking for biocontrol
compounds with greater efficiency and less pollution,
using natural and biological compounds for pest con-
trol [2]. These innovative biocontrol agents (BCA) are
based on combined formulations, incorporating key
agents to stabilize, protect and activate the natural or
biological compounds in the product [3]. Developing
of novel agricultural BCA products may involve

4
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Atomic force microscopy AFM

Analisis de Alta Resolucion de Cromosomas Humanos con Microscopia de Fuerza Atomica
en Costa Rica

Giovanni Saenz-Arce, Orlando Argiiello-Miranda

Figura 2: Imagen tridimensional de una preparacion metafasica de Figura 3: Imagen en tres dimensiones de un cromosoma bandeado.
sangre periferica.
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5. CCD: GATAN Available

Brand JEOL
Model JEM2010
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TEM Resolution 19 A
STEM resolution Not Available
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Microgravity and nanotechnology

Melissa Palma Jiménez?!, Yendy Corrales Urefial, Carlos Villalobos Bermudez?!, José Roberto Vega Baudrit'”.
National Laboratory of Nanotechnology!. Corresponding author: jvegab@gmail.com

Abstract: Some experiments evidence that microgravity has influence in the morphology growth rate of
materials and physiology of biological systems. Some microgravity systems have been developed for
experimentation under these conditions. The 2-D, 3-D clinostats and Random Positioning machines
stimulate weightlessness. The aim of this review is to show the state of the art of the research related to the
effect of microgravity on organic and inorganic materials, and to describe the physiological effect, and the
biological response to understand their behavior in simulated microgravity. Some examples related to
nanoparticle growth, the effect on cell pants as corn (Zea mays) and rice (Oryza sativa), and bean
(Phaseolus vulgaris) will be shown, and the effect of microgravity on osseous and muscular tissue.

Key words: Crystallization, organic and inorganic materials, biological response, 2D-clinostat.
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Microgravity and Nanomaterials
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Running title: Microgravity and Nanomaterials

experiments evidence that Microgravity (Micro-g) has influence in the morphology growth rate of
materials and physiology of biological systems. Some Micro-g systems have been developed for experimentation under these
conditions. The 2-D, 3-D clinostats and Random Positioning machines stimulate weightlessness. The aim of this review is to
show the state of the art of the research related to Micro-g effect on inorganic and organic materials. Some noticeable
examples related to changes m nanomaterial morphelogy; physielogical effect, and cellular response in biological systems
of plants cells as maize (Zgg mays), rice (Qryzg sativa) and bean (Bhareolys vulgaris); and osseous and muscular tissue will
be shown. There has been identified the Micro-g as a new condition of significant structural and functional changes in the

organization cellular.

Key words, Orzanic and inorganic materials, Biological response, Morphology, Crystallization, 2-D clinostat.

1. Introduction

Recent advances in aerospace science have made it
possible investigate the effect of Microgravity (Micro-g)
within the confines of an earthbound laboratory [1, 2, 3]
Some experiments have evidenced that Micro-g alters the
organization of inorganic materials as erystals [4] and
muneralized structures [3]. Also, the meorphology and
physiology of biclogical systems; differentiation
proliferation, metabolism, and size are some of the
cellular properties affected [6. 7, 8].

The term Micro-g is frequently used as a synonym of
weightlessness and zero-g. which indicates that the g-
forces are not actually zero but just very small Several
experiments have been performed in Space or on Earth
with simulators of Micro-g [9]. According to Eiermann et
al. [10] experimental capacities in real Micro-g are limited
due to high cost and due to the experimental time.
Therefore, parabolic flishts (with repetitive changes of
Micro-g and hypsrgravity phases) or ground-based
facilities (aiming to achieve conditions of simulated
Micro-g) are often used to investigate samples under
altered gravity conditions. which in tum provide a
prerequisite for experiments intended to be flown in space.

Experiments in Earth have made it possible to
understand this phenomenon [4. 11]. Two and three-
dimensional clinostat (2-D and 3-D respectively) and
Random Positioning Machine (RPM) are tool used to
simulate weightlessness [12]. Herranz et al. [9] explain

that those tools are valuable for preparing spaceflight
experiments, but they also facilitate stand-alone studies
and thus provide additional and cost-efficient platforms
for gravitational research. Fast-rotating 2-D clinostat is
commonly vsed ground based facilities for exposition of
inorganic and biological samples to simulated Micro-g
cenditions. This clinostat is able to generate high quality
of reduced gravity conditions (=0.001 g) and several
studies have shown that results from various model
systems using 2-D clingrofation are similar to results
found in real Micro-g [10, 13, 14, 15].

In the preparation for missions to Mars, basic
knowledge of the mechanisms of growth and
development of biological systems under Micro-g
conditions is essential. Many studies have focused on the
gravity effects on cell rigidity, including mechanisms of
signal perception, transduction, and response in gravity
resistance. These components of gravity resistance are
related to the evolution and acquisition of responses to
various mechanical stresses [16].

The aim of the present review was to study the Micro-
g effect on inorganic and organic materials;
nanomaterials, physiological effect and biological
response on cell pants as maize (Zgg mays), rice (Qnza.
sativa) and bean (Phargelus, vulgaris); also on osseous
and muscular tissue

2. Micro-g Systems: Clinostat
Overview

Gravity is the force of attraction between bodies. It is
proportional to the mass of the objects, and inversely
proportional to the square root of the distance separating
those masses [17]. Just as any other planet, Earth has its
own gravitational field, which applies a force described as
an acceleration of 981 meters per second squared
(expressed as 1 g as well) to every object on the surface of
the planet. Micro-g is the equivalent of 1 pg (1x10°¢ g),
but the word is used to describe any other acceleration
correspending to gravity bellow 1 g on Earth’s surface
[18].

Micre-g occurs on any free falling object. Taking
advantage of this phenomenon, some Micro-g systems
have been developed for experimentation under these
cenditions, such as drop towers or parabolic flights of
aircraft [9, 17]. There is one main problem for the general
research of these effects: real Micro-g condition
experiments are expensive and most of them have a
limited effective time Because of these limitations,
special equipment was developed to generate simulated
Micro-g conditions [10].

Real Micro-g condition experiments are complex in
execution, but easy to describe. A drop tower is not
exactly an equipment, it is more like a complete facility
composed of a long special tube or pit, and a laboratory
for testing and analyzing results. Vacuum is applied to the
tube, and the sample is dropped in free fall to examine the
influence of Micro-g forces on it. Meanwhile, parabolic
flights are composed of an aircraft performing an
acrobatic maneuver, following a trajectory similar to the
one a ball would describe when kicked strongly by a
sportsman: a parabolic trajectory. This movement allows
an environment of Micro-g for up to 25 seconds for any
sample traveling inside the aircraft, which is later
examined and evaluated by a group of experts [19].

2-D, 3-D clinostats and RPM are some of the equipment
utilized for Micro-g simulation. A 2-D clinostat has only
one axis for rotation, and must be placed perpendicular to
the gravity force direction in order to cancel the influence
of the planet gravitational force [9, 20]. A 3-D clinostat
has two axes for rotation, which must be perpendicular to
each other. If the axes of the 3-D clinostat rotate at
different speeds and directions, the device is considered a
RPM [21, 22] which can be used to achieve completely
different results compared to a 2-D or 3-D clinostat.

A 2-D clinostat is a device able to achieve nullification
of the gravity stimulus due to its rotational movement,
which creates vector averaged gravity resulting on a net
sum of all forces present equaling zero, but not an absence
of gravity [13, 23, 24] (Figure 1). It is not a zero gravity
system, but the gravitational forces are very small In other
words, the magnitude of the gravitational force of the
planet cannot be changed or completely nullified. but its
influence and effects can [25]. A great advantage of 2-D
clinostat devices is the possibility to simulate not only a
Micre-g environment, but alse specific gravitational
cenditions (Figure 2). For example, an angle of positive 9

degrees off horizontal will produce a 0.18 g gravitational
force, which is the gravity on the surface of the Moon. The
same way, an angle of 17.5 degrees will generate a 0.33 g
gravitational force, equivalent to Mars gravity [26]
However, it could generate centrifuge forces and particle
oscillations that can be minimized using smaller reservoirs
[1]. The clinostat model system (clinorotation) is an
equipment that provides a vector-averaged reduction in
the apparent gravity; the specimens are then forced to
passively move along a circular path. In fact, it remains
hitherto unknown if a specimen indeed receives functional
weightlessness during clingrotation [27]. Gravity can
produce effects related to displacement (motion) and/or
deformation. The consequences of having weight are
related to internal stress induced over an object manifested
as tensile or compressive normal loads [28].

l Gravity

L= I
L] ° °
— —_
1g Micragravity Clinorotation
Sedimentation Homogeneous distribution

Figure 1. Representation of the rotational movement of 2 2-D Clinostat
Modified from UNOOSA [18].

Research about Micro-g effects has improved our
knowledge about the importance of gravitational forces on
the on the materials development field, as well as
biological field. In order to explore the opportunities of
long term space travel technologies for growing
vegetables and harvest food in space must improve
Understanding how different plants react in a reduced or
almost nullified gravity environment can help future
development of those technelogies. On the other hand, the
production of materials could be completely different if'
the whole process 1s under the influence of Micro-g
forces. Understanding if those differences are beneficial
of harmful for the final results is going to be crucial in the
development of procedures for material production in
space [19, 29].

Figure . 2-D Clinostat equipment.
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NUEVA EMPRESA: Bioenergy solutions of CA S.A.

Ganancia: Creacion de la planta piloto para procesos de innovacion, nuevos
materiales y sensores.

Reactor quimico para condiciones supercriticas
Biocombustibles v
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The catalyst-free transesterification of castor oil under supercritical conditions, using methanol, was
studied in this research to determine the molar ratio (methanol:castor oil) and reaction time that pro-
duced the biodiesel with the highest conversion by using a 10 L stainless steel batch reactor. The ex-
periments were carried out with 30:1, 40:1, 50:1 and 60:1 molar ratios and reaction times of 5 min,
15 min, 25 min and 35 min under the critical temperature and pressure values according to the molar
ratio tested. The reaction conversion was monitored by 'H NMR spectroscopy. The biodiesel was char-
acterized in order to evaluate its accordance to the ASTM D6751 specification and to plot the ther-

Blw]. eselv meogravimetric and calorimetric profiles of the biodiesel with the highest conversion obtained by TGA
Castor oil and DSC analysis. A regression model was obtained as a reference to calculate the conversion under the
Supercritical studied range of molar ratios and reaction times in future experiments with a coefficient of determi-
Transesterification nation of 95,22% and a standard error of +1.37% from the observed conversion.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction species. Table 1 shows the worldwide annual production of various

The growing concern for the environment and the urgent need
to reduce carbon emissions to decrease its impact on the global
climate have reinforced the gr and ¢ it-
ments among countries aimed at p ing the develop of
alternative renewable energy with less environmental impact [23].

Biodiesel is one of the best candidates who meet the criteria of
sustainability, not only because its production has less impact on
the environment, but is also biodegradable and non-toxic [20].
Biodiesel is a liquid synthetic biofuel obtained from natural lipids
such as vegetable oils or animal fats, by industrial processes of
esterification and transesterification, and applied in the prepara-
tion of total or partial replacement of diesel oil [9).

The main raw materials for the production of biodiesel are oil-
seeds and their derived oils. It can be said that the production of
biodiesel comes mainly from oils extracted from traditional oil-
seeds, especially sunfl . soybean, rap d and palm. Hi .
any matter containing triglycerides can be used for the production
of biodiesel (used frying oils, chicken fat and fish fat). Climatic,
geographical conditions, crop yield, oil content and the need to
mechanize production currently limit profitable oilseeds to a few

* Corresponding author.
E-mail address: barbara mirandamorales@ucr.accr (B.C. Miranda).

http:f/dx.doiorg/10.1016/j.energy 2017.08.122
0360-5442/© 2017 Elsevier Ltd. All rights reserved.

oilseeds for the past five years.

In addition to the four highest produced oilseeds (palm, soy-
bean, rapeseed and sunflower), there are also other edible oil plants
with which it is possible to produce biodiesel such as coconut,
peanut, cotton, mustard oils. However, these crops have been
strongly questioned by some sectors, as they are accused of
competing with food, extensive land use, and the need for irriga-
tion, fertilization and control (herbicides and pesticides). But the
main problem of these oilseeds is its price, because the cost of oil
represents 75%—85% of the total price of biodiesel [43].

Opposite to conventional vegetable oils, there are other species
more adapted to the conditions of the country where they develop
and could be better positioned in the field of energy crops. The
search for new raw materials that do not compete with the food
market is a topic that arouses great interest. An ideal oilseed
alternative for biodiesel production must be characterized by high
climatic adaptability to the region where it is grown (rain or
drought, type of soil, latitude), regional availability, high oil content,
low free fatty acids, compatibility with the existing structure in the
field, low agricultural needs (fertilizers, water, pesticides), season-
ally defined growth, uniform maturation of the crop, potential
market for byproducts and the ability to grow on undesirable land
for agriculture and/or off-season of traditional crops |2].

One of the main concerns is the use of edible oils in the pro-
duction of biodiesel, because it has a great influence on the global
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No reembolsables
PROPYMES CONICIT-MICITT

SENSORES: PODOMETRO (producto nuevo): 2 patentes.

ANTIBIOTICO HOSPITALARIO: 1 patente. Finalizados 2016
SENSORES: SILLA DE RUEDAS (mejoramiento).

AUMENTO DE LA EFICIENCIA DEL REACTOR SUPRECRITICO.

MEJORAMIENTO DE MATERIALES: EN TABLAS DE SURF (nueva). En proceso
COBERTORES EN TABLAS DE SURF.

HONGOS COMESTIBLES (aceleracién de empresa).

DETECTORES DE DROGAS.

BRAZO MECANICO,

MEJORAMIENTO EN PRODUCCION DE OVEJAS.

REFORMULACION DE KERATINA PARA CABELLO

PROYECTO DE MASTITIS EN GANADO VACUNO.

Nanotecnologia en formulaciones de cremas y geles estéticos.

Obtencién de nuevos materiales partir de Rambutan (mamon chino) Nuevos
Grafeno soluble y sus aplicaciones comerciales. 2017
Desarrollo de material para calzado terapéutico

Analisis de material para desarrollo de dispositivo de retencion infantil

PREMIO SAMUEL STUPP DE INNOVACION
$ 30 000.00 (50% LANOTEC)
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. . REGISTRO DE LA PROPIEDAD INDUSTRIAL
SOLICITUD DE lNSCRWCl()N DE PATENTE

INJACIONAL DE INVENCION, MODELO DE UTILIDAD
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O DISENO INDUSTRIAL R
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‘ TITULO O DENOMINACION DE LA INVENCION
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DATOS DEL SOLICITANTE

sonamnte inventor [ ]

Solicitante Titular

~Nombra: Multiservicios Profesionales de Esparza S.A

Identificacian: 3-101-433387

N=cionalldad: costaricense

Estado civil: n/a

bomicilio: San José, Santa Ana, Centro Empresarial Forum |, Edificio C, Oficina ICI

DATOS DEL INVENTOR

nNombre: Allan Campos Gallo

Nacionalidad: costarricense
bomicilio: San José, Pavas, Edificio Franklin Chang 1.3km norte de fa Embajada de USA

DATOS DEL REPRESENTANTE

GESTOR

AFODERADG

nombre: Algjandra Castro Bonilla

tdentficacian: 1-0880-0193

Naclanalidad: costarricense
(Gomicilio: San José, Santa Ana, Centro Empresarial Forum 1, Edificio C, Oficina ICI.

Fax N° 2204-7580 6 a la carpeta del Bufete Arias & Mufioz.

Lugar o medio para
notificaclones:

persona autorizads para Alejandra Castro Bonilla, Mariana Vargas Roghuett, David Morales
retirar notificaciones en Rodriguez
el RPI:

identificacién: 1-0880-0194, 3-0426-0709, 1-1448-0083

Proyecto podémetro: 3 patentes: PATENTE US, EUROPA, CR.
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Patente
Nanoparticulas de
guitosano para
inhibir mecanismos
de resistencia a
antibioticos.
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DATOS DEL SOLICITANTE

Solicitante Inventor E Solicitante Titular

Nembre: CONSEJO NACIONAL DE RECTORES (CONARE)

tdentificacion: 3-007- 045437

Naclonalide«: costarricense

Estadeo eivit: nja

Domicillo:

DATOS DEL INVENTOR

Nombre: Marilyn Porras Gémez

Nacionalidad: costarricense

Somicilio: Tambor de Alajuela, Costa Rica

DATOS DEL REPRESENTANTE

APODERADO sEsTOR 1

Nembre: Mariana Vargas Roghuett

tdentificaci dn: 3-0426-0709

Nacionalidad: costarricense

©emicitio: San José, Santa Ana, Centro Empresarial Forum |, Edificio C, Oficina ICI
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Solicitud de las empresas del sector de dispositivos médicos.
Certificacion Norma INTE-ISO/IEC 17025:2005
Proyecto con Procame (UNA), LETI y LANOTEC.

Manual de
Calidad

Procedimientos

(de gestion y técnicos)

Instructivos

Registros de Calidad




EMPRESAS DE ALIMENTOS (pieles y aceites de
pescado, desechos de frutas):

« SARDIMAR, FLORIDA PRODUCTS.

BAYER

FIFCO: emprendimiento y Proyecto de botellas bio.
Boston Sci: cursos alto nivel.

EMPRESA DE MADERAS (mejoramiento de producto)

BIOREFINERIA: NOVELTEAK.

Prestacion de servicios: Boston, Intel, Allergan, Hologic, Ad
Astra, Baxter, Bayer, Pfizer, BioTD, Alunasa, Etipres.

SUBPRODUCTOS:
NANOCELULOSAS, HARINAS, DEXTRANOS, TINTES.




nal de Alta Tecnologia

3 CeNAT” NOVELTEAK P ¢ Sannia

ecnologia

Proyecto con la industria Novel Teak, Costa Rica.

Generalidades sobre la madera de teca.
Etapa 1: Homogenizacion del color de la teca.

Etapa 2: ¢Qué hacer con los residuos de teca?
A nivel macro

A nivel molecular
Conclusiones y recomendaciones



Generalidades sobre la teca
(Tectona grandis)

» Madera de alto valor comercial, muy
resistente.

» Dureza media. o
» Coloracion caracteristica: Albura Duramen

- Albura: Café claro. Alto contenido de
azUcares, poca resina y aceites. Tendencia
al ataque de hongos e insectos.

- Duramen: Oscuro y mas resistente.

- Mas lignina, alta concentracion de resinas,
aceites y polifenoles (taninos).

PROBLEMA DE PERCEPCION DEL MERCADO USA
Y EUROPA: ALBURA IMPLICA MALA CALIDAD.
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Preparacion y tamizado de las muestras

Pruebas de caracterizacion de la teca (lignina, hemicelulosa,
celulosa)

Cuantificacion de las sustancias extraibles



¢Como se “‘duraminiza” la
albura?

Extractivos del duramen se agregan a

la albura
Formulacion de aditivo-colorante
Inmersion/impregnacion de la madera

Tratamiento térmico

Requiere nuevas muestras de madera para
pruebas: tablillas pequefas

Equipo: autoclave




A nivel macro...

Produccion de tablillas de alta resistencia y propiedades
mecanicas mejoradas.

Masilla/mastique

A nivel molecular...

Nanoparticulas, gomas, adhesivos, aditivos: de los extractivos
(taninos, otros fendlicos).

Separacion de lignina, celulosa:
Celulosa: Nanocelulosa, nanocristales.
Lignina: Nanoparticulas, secuestradores.



Propuesta
N

)}
Tablillas 1
,l
Masiita
Nanoparticulas
de taninos

Formulaciones
con extractivos

>

N

Lignina y
celulosa

Nanolignina,
nanocelulosa

Compuestos
derivados de
lignina

Valor
agregado

Alto
Bajo
Muy alto
Medio

Medio

Muy alto

Muy alto

Mercado

Existente

Existente

Alto potencial
Existente
Existente

Alto potencial

Existente

Costo
invesion
Alto
Muy bajo

Mediano
Bajo
Alto

Alto

Alto

Potenciales
ganancias

Mediano plazo

Corto plazo

Largo plazo
Mediano plazo
Mediano plazo

Largo plazo

Largo plazo



LANOTEC-POLIUNA: reconocidos como
uno de los 20 Campeones de la
Innovacion 2013
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nnovacion

EL MINISTERIO DE CIENCIA, TECNOLOGIA Y
TELECOMUNICACIONES

RECONOCE COMO CAMPEON DE INNOVACION A

JOSE ROBERTO VEGA DE "LABORATORIO NACIONAL DE
NANOTECNOLOGIA"

GRACIAS POR SER INSPIRACION PARA COSTA RICA
o, \\

ING. ALEJANDRO CRUZ MOLINA

1% 'a




LANOTEC: reconocidos como uno de los 20
Campeones de la Innovacion 2015, SEGUNDA VEZ

Edicio

NN

N
VAGION

El Ministerio de Ciencia, Tecnologia y Telecomunicaciones

Reconoce como campeona de innovacion a:
Melissa Camacho Elizondo
Proyecto: Ananas Comosus

€ma costarricense!

98



—N = B =

s N | N
f— . — —

» PROYECTO ZOOAVE "RESCATE DE GRECIA”




. Thinner thickness
More enough room(not too tights

L

Thicker to maximize adherence

No gap to prevent food accumulating or bacteria

Any idea for this sealing? I'm worrying about
direct touching to the wounded beak, in case

of this...
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Reconocimiento mundial: ANIMAL PLANET

==L
PLANET

@ Paula Heredia sobre doc  x JloselRoberioNE >
< C' | @ Esseguro | https://www.youtube.com/watch?v=e3Sira_zpaw % 0O
= [ YouTube " tucan costa rica sin pico Q 1 a
Siguiente REPRODUCCION AUTOMATICA @il

Documental : Grecia Tucan de
Costa Rica

EL TUCAN
DEcosTARICA | COM

Tucén Grecia se alimenta y :
divierte .

Repretel

7,4 K visualizaciones

oA AT 4

Reconstruyen pico de tucan con
tecnologia 3D

Flora y Fauna - Capitulo 1 “Selva
Paranaense” - Narrado por

zaciones

P> » ) 100/1:22
Preparan estreno de

documental sobre Tucan
Paula Heredia sobre documental del Tucén Grecia en Animal Planet

13.106 visualizaciones i@ L P

10 Penales Mas Humillantes En
La Historia Del Fitbol
Top Vie al @

52Mv

m AR com
0 Publicado el 15 jul. 2016

La noticia en AmeliaRueda.com

Costa Rican toucan regains
normal life with prosthetic beak

w China TV

visualizaciones

3 comentarios = ORDENAR POR

https://www.youtube.com/watch?v=BA18LucMxu8
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@ Documental : Grecia Tuc X oselRobetto] — X

< C' | @ Esseguro | https://www.youtube.com/watch?v=ydlumAwY5s4 w |

@ YouTube tucan costa rica sin pico Q

Siguiente REPRODUCCION AUTOMATICA .

Flora y Fauna - Capitulo 1 "Selva
_ Paranaense" - Narrado por
Utopica Group

visualizaciones

COSTARICA, EL ARCADE LA
NATURALEZA | Grandes
Filipendula Ulmaria

35 Kvisua

Tucan Grecia se alimenta y
divierte

Noticias Repretel
7,4 K visualizaciones

Sergio Mendes & Brasil '66 —
Greatest Hits - 1970 - full vinyl

_ -

> Pl XY 39:46/40:49 ®: % 5] ]

Costa Rica, el pais mas feliz del
- /8| mundo | Documental
Documental : Grecia Tucan de Costa Rica . 7 SRR Documental Documentales

202 K visualizaciones

10.260 visualizaciones . AR -

El Tucéan

Acem ‘ ?\c ?m:
Q Publicado el 31 ago. 2016 SUSCRIBIRSE 4,3 K 70 K visu

Este video contiene derechos de autor, lo publico por motivos de hacer conciencia sobre el

maltrato animal. Yo no me estoy ganando nada :D < Neil Diamond Hot August Night
NYC Live from Madison Square

Pablo Carmona
96 K visualizaciones

MOSTRAR MAS

6:04 a. m.
ESP
18/10/2017 E1
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AL-JRA°J-A BT LABORATORIO NACIONAL DE
NANOTECNOLOGIA

El nanoarte pretende hacer visible lo invisible.

El nanoarte es arte de nuevas tecnologias, pero usa frecuentemente
tecnologias de la propia ciencia.

En nanoarte es muy frecuente ver artistas que han trabajado
directamente con microscopios electronicos, con microscopias de efecto
tunel, o de fuerza atdmica.

En el nanoarte la colaboracion artista/cientifico es muy intensa.

Arte CONTEMPORANEO conceptual: Victoria Vesna, Nanoscape de Laurent
Mignonneau y Christa Sommerer.







LABORATORIO NACIONAL DE
” NANOTECNOLOGIA

Nodo

Tipologia

Alcance

CREACION DE UN LABORATORIO
DE DOPAJE Y ANTIDOPAIJE EN
COSTA RICA

Programa

Proyecto pais.

NODO CENTROAMERICANO Y DE
EL CARIBE PARA EL ANALISIS
CRISTALOGRAFICO DE
MATERIALES

Programa

Proyecto regional CAy El Caribe.
FONDQOS DE CHINA,
3.5 MILLONES S

POLITICAS PARA LA CREACION
DEL “PLAN NACIONAL DE
DESARROLLO SOSTENIBLE DE LA
NANOTECNOLOGIA EN COSTA
RICA PNDN”

Programa

Proyecto pais

OBTENCION DE NANOCELULOSA
A ESCALA INDUSTRIAL A PARTIR
DE DESECHOS DE PINA.

Proyecto

Nacional

OBTENCION DE DEXTRANOS DE
JUGO DE PINA

PROYECTOS

UNA, LANOTEC, CENIBIOT




*RED BIONNA: Bio-innovacion para las Américas, inicia en 2010. CYTED.

*RED RELANS: Red Latinoamericana de Nanotecnologia y Sociedad. ReLANS pretende
crear un foro de discusion e intercambio de informacidon que de seguimiento al proceso
de desarrollo de las nanotecnologias en América Latina.

*RED CYTEC: Red de Comunicacion de la Ciencia, la Tecnologia y la Innovacién de Costa
Rica.

*RED CLARA: Red de Cooperacion Latino Americana de Redes Avanzadas. Red CLARA
interconecta a las redes académicas avanzadas nacionales de Latinoamérica.

*RED PNN: Pan-American Nanotechnology Network (PNN). Tiene como plataforma a la
Global Nanotechnology Network (GNN).

*RED NANODYF-CYTED: Red de la difusion y formaciéon en el campo de la
nanotecnologia.

*RED NANOENERGIA-CYTED: La plataforma Nanoenergia promueve la cooperacion entre
los paises de Iberoamérica, desarrollando investigacion basica y aplicada en diversas
areas de nanotecnologia para energia limpia, como la energia fotovoltaica, baterias,
LEDs y sistema de obtencién de combustible con luz solar..

*RED RIN: RED IBEROAMERICANA DE NANOTECNOLOGIA.

*RED NANOANDES: escuelas de nanotecnologia.

*Red NANOCELIA-CYTED: nanocelulosas de desechos agroindustriales.

*RED BIORRECER-CYTED: granos.



6. Convenios internacionales.

FRANCIA,
URUGUAY,
ECUADOR,
MEXICO,
ESTADOS UNIDOS,
GUATEMALA,

EL SALVADOR,
COLOMBIA,
ESPANA,
PORTUGAL,
ARGENTINA,
PERU,

CHINA

EN CURSO: CUBA, ALEMANIA

AN N U N N N Y N N N NN
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Meéxico: 4 estudiantes, estomatologia.
Argentina: 4 estudiantes, materiales.
Espana: 1 estudiante, materiales.
Brasil: 1 estudiante, biorefineria.
Peru: 1 estudiante, materiales, TEM.
Portugal: 1 estudiante, materiales.

. Guatemala: 1 estudiantes nov 2017.



Actividades del LANOTEC

Enmarcado en el
“PLAN ESTRATEGICO DE DESARROLLO 2016-2020" v 4.0.

La puesta en marcha del plan garantizara al LANOTEC el acceso a
posiciones de liderazgo en el ambito nacional, regional e incluso

internacional.

0.6-1.8 nm

LABORATORIO NACIONAL DE

NANOTECNOLOGIA
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Cursos y capacitaciones.
Difusion de la nanotecnociencia.

Propuesta, elaboracion y ejecucion de proyectos
en conjunto: U-gobierno-empresa.

Venta de servicios de alto nivel a la empresa.
Colaboraciones y actividades académicas.
Proyectos de extension.

Proyectos de innovacion.

Otros LANOTEC

'LABORATORIO NACIONAL DE
NANOTECNOLOGIA



ADHESIVOS PARA ESPECIES MADERABLES: TECy LANOTEC

Volome 1015, Arscie 11 BRI, 19 pages
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Research Article

Effects of Adding Multiwall Carbon Nanotubes on
Performance of Polyvinyl Acetate and Urea-Formaldehyde
Adhesives in Tropical Timber Species

Riger Moya,' Ana Rodrignez-Finlga.” and José Vega-Bandrit®

*permzi de Inpenieris Forestsl, Institaln Teceoktgion de Costa Riz, Aparisds 1597050, Carisgn, Costa Ris
*.aboraltirio Mackwal Nansleceakgis (1A NOTEL), Centr Maciomal d Alla Teosolgts (CENATY, San fosé, Costa Ris

Cornaspondence should be add ressed o Riger Moya; rmoygfcracer

Rocctved 28 June 2085; Accepled 20 Jaly 208
Acadermic Ediior: John Fhanin Guo

Copyright @ H15 Réger bhoya i al This & an open accoss arde distribeted ender the Cretive Commens agribulion Licerss,
wiich permes unmosiricted use, distribetion, and reprodaction in zny medium, provided the onginal work is properdy cred.

Multwall carbon manolubes (MWCNTS) fenctionaliaed with yd

polyvinyl aceiate (FYAC) 2nd urea-formaldehpde (UF) adhestees L:Ihnaﬂ'rn'mpti] wood
{AFM], and tremsmisston decson m

in three conconiratione of MWCHTE D81 0%

womic foroe
adtstves were oval

roayl groups (MWOCNTS-OH) have been Incorporated inlo
giuing. The Raman spectroscopy, the
ey (TEM] were esod i describe e MWONTS-0OFH. The

contrel), 0.05%, and 1% The evaluation Induded mler,

the distribetion of MWONTS-0H by TEM and AFM, thermal sability and wiscosity of the adhestes, and shear strengsh (550 of
tthe ghee line for nine tropical woods. AFM and TEM mnfrmed interacion of MWCNTs-OH with adiosives. The visoosty of the

FyAc adhastve increeses with added MWONTE-048

L. The incorparation of MWCKNT-OH In FVAC and UF resm produces wood
adbestves with loss brighiness, less yellowrsess, and increased rednoss. The nanotshes in

the adhester mmproved the termal stzhilky

of lae composties and Increased the entropy Bdor and energy of activation in the kinetic decomposttion of the rein. 1n reliion

055, MWONTS-OH In 2y of the two concenirations: had no significnt effect on 55 0 dry condion in Baifl of the specks stedid

glued with PVAC adbestve, whereas, for UF-adiastve, t2e 55 and percentage of wood Fatlura mmpeoved in most of the 2 specis
studied.

L. Intrednction

Adbesives play an important rale is the wood industry; T5%
aof the products masufadured with this material are joined
tngether by means of adhesives |1} amosg thoss products are
compasites like plywood, fiberboards, and OSB [2, 3]. The

af adbesives has also fAclitated wood ntilfization
o make gnod quality products [d]. Dhse to their importance,
production of new ar enbamced adhbesives has incentivized
the search for pew methods to increase added value in the
applications [1].

Application of nanotechnology to adhesive manufac.
turing allows the development of mew dharacleristics and
properties in these polymers that imcrease their performance
|2, 5). Manoclay, aluminum ovide nanoparticles, cellulnse
mnﬂu'pl:h.m:cmienmupntﬂe:.mdarbmnnmhs
are amoag the nano@llers utilized to enhance adhesives [6].

The umigue properties of carboa nanotubes have attracted
greal interest since their discovery in 1591, Carbon nanotusbhes
@n be used o siore fuel such as hydrogen, for sew compound
materiaks, and in cafalytic applictions, among others [7].
Carbon namotubes are graphene tubular structures that may
be composed of a Sngle layer (single-wall crbon nanobbes,
SWNTs) or several concentric layers (multiwall carbon nan-
otubes, MWCNTE) [B].

The difference between SWHNTs and MWONT: is relaled
Io their properties [chemical resistance, mechanical, thermal
and electrical), which are confierred by the stnacture Il'lﬂ.'ﬂu:f
and also determine their applications [8]. For
and Lohrashi [9] mu:pl.rﬂdih'.l‘-'[s:nd MWCNTs and they
mn:h;delhﬂlM“CNT:hmd:.mhﬂJtrulmppmiinr
platium. electrodes for gas difusion. Likewise, Osswald
et al |Hl] mention the conductive high capacity SWCNTs
compared o MWCNTS; this makes the lafter mare suitable
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An enormous development is experimented on the porous materfals. The porous was consddered a
defect on slid materials some years ago, but right now, this defect |5 an advantage, based on the
properties obtained from a mioro and mesoporous materials. Microporous, mesoporoas and ma-

croporous materials with an uniformed pore distribution offer new properties, such as absorption,
adsorpton, exchange separation; and mitalysis u!'diﬁl:'mtm!])md:.a]mﬂtfmph}'dtﬁer-
ent robes ax kosts for a manocomposd te materials to modify or improve their properties. Today, the
structural types of open framework porows compounds have rapidly increased by their unique
structural properties, porows sae window and accessible void space are critical factors on a meed-
il applicition.

Eeywords
Microporous, Mesoporous, Macro Foroos

1. Introduction

Immeevs ressanch doring the last decads has been devoted to adjest the mophology (the e and shapa) of sol-
bds at wamiows lngth scales from the mamometer to the micromster scale [1]. The porows materials ressanch bas
bean done with & varisty of pore sims, shapes and dansities, brat the cracial feature i S moeaw = e cxateial
mﬁm.uhd:hn]ﬂmmijﬂﬂubﬁmdaﬁubmﬂpqﬂ:hl [Z] [3]. Miodifying the surface of ma-
tariaks, yom can obtain moterals with different

Pozous materizk are claaifed by the pore mﬁnlmnundUmmuJPmu and Applisd Chamistry
[TUPAC) clawafy s poroes mabarials n:

Hiw 12 cite thi papear .'inlunudmﬂ-.'u ud'um—h-ﬂ-h, AR, [BxiE) Miers, Miso and Macns Poros Matarial on Medi
el ool of S s and Nosobiotecknology, 6, 247.256. Brip.fds. del cog 1043 36 Thnb. 2o & BE005

e amy rrsel ke, providad the orgies) work b prosesdy died

INTRODUCTION

Todyy Manowiemws and Manowchoology ae wem
mﬁm'mmdnnhlmnlhg&omﬂ
stizmlme and impeove: innovaton ool ameas of 1. They
ooeld greathy banaSt o wociety, but this near science inclades
ooy concams abowt posdhle rdo to bopom health and
Lol

Manotechnology b bean eeablished . a priority research and
policy focms, nﬂ::T azoss sl BAD Salds fom
pharmacensics, wlocromics. The mim  of
menaiecmologies h.ls- beam accongpamisd by an enduring
umcsTtaimey the dexlopments of e scientSic

ralated to it fiald, as well 25 the social majeciories
of wchoological apphicatioss. Such a conditen inevitably
affacts mﬂnhim’\ mponses o0 such technologics, dSeir
Mﬂqmﬂtmﬂﬂlﬂm’m[ﬁnﬂ]mmﬂ\&m .I'[IL]

One of e main comcerms aboat nen bealth dik is the
puinhhfnfhmthdﬂsmpiumhuﬂ
exmbrne and intaract with hiccleculs componants, e diu

Eopsty & wed mecsaly o .Lnfnctth..ﬁdr:r
m;ﬂu: fﬁd Toahmior

*Correipondimg awhor. Solsmo Umada, Victor
Emimomarrsl

manomatorials at the name knwl i amcusly mpsdictbls from
behanior o #e maco or evsn msoo kel We bt found

can go tirough call meeshrancs. That & part of e poim uf
nenotechmelogy. of coursa, somne name - artifach e o deler
mk('ﬂmﬁmuhtmmmmm
mmﬂ:ﬂmﬁh\mﬂhmmmhmﬁ

instames (Fobimson, 2011}

The: amircoment concam i mlakd w0 a possible eco-toxicity,
wiban the mnomaterials reach landAlls, wasr or 2 becmse the
panomatgrialy could harm the oo also it could B a
potential wposum, becanss they can coming into our body by
brsath, drinking or satizg, be depoaited in S lngs or om e
skin, or other organs. Howwer, agglomerates of mmoparticles
py herv the potential to sogumess fomdity

M (memoparticlkes) moy enfer the luman body wia &% hmss
amd the Imestings (I npested]; pezetration vis the skin i les
muhtlrd:nupu[niﬂlﬂﬂm}&mmﬂnqmn
the derpsiz, NP imtemalizaton depends o the perticke sdm,
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INTRODUCTION

The porous msiarial is a contimoss amd sofid netoordk noserial
Slled thromgh and with woids, a matorial that & chrdomhy
porous whan e voids are flled 1o with g Hoaswer, the
ok ekt b Alled with 2 ligmd or even & solid: some asthors
prafar o label mmostrochmed mederials msted of poroes

Imeverss ressarch choing the: last decade bas bean dooted o
adiest the morphology (the iz amd shape]) of solids at varicas
lmgh scales fom Se menometer o the micrometar scle
l:d.P‘em“‘Iﬁ.Qm.Em.ﬂm.Ihng_.‘:hn;

ai, 2011). The poroes moviarisls rewsarch bos beon done nith
a varisty of pom simes, mmﬂﬂmbﬁ Tt crucil St
uhmmhnﬂn‘m]nn:ﬁm.th:hh]pﬁm
atvorbar and adsorbant proparties W
Loper-Cuintla, Bidywt, and Bhnm_'lr. JI} Pmk.‘aﬁ
mhmmmmmq

Pu'mmma]:cnhmﬂimﬂl.itmo\fpeﬁm
modifying the mrics of ooerials that cam obain mevarials
with mmoo-pores, mmfcess with boles les thn 2 mm
mannpormE., sk with por s betwean 2 nm and 50 nm
el macropone:, moverils wit pore wE thom 50 mom,
sivgs andd densition could ba by the fomation

*Carespordiag awkor. Solmmo-Umsdis Vioior
Emimmmarnsal

conditicns, et cradal famme i the memesed nrdce that
jves Daw propwies o te oowerdls (Vessochi Skl
and Wang, 2009).

Poros. pabtanials can b mommiactoed ming oy bstnce:
such & cobon, silicams, corsmics, minarals and pobyman
(wdlicons). Astachod tn the advantyge of the parous everial,
thess mocro, momo and meoro chammels cm be coaied wath
metallic nanoparticles to improws thair properties. Most of the
ressarchas that honvs bean designed to provide poroes mevaerials
with mmfce fimctionality, ‘whor e srace o be
Swtipalied with orgenic aliphatic o aommic Do
interct with metl {Cwin, and Arsenat, 2007

Biocompatitle implants ihrﬂnhnnnnbod.]"m TR
l:l.dnn:a]mdlmchmn] ; tharefom, o mamgs ©
[ lifs. Dupendng on tha

mquakity of hamedical
q:pbm.ﬂunrph:tlu o withstand meckordcal loads,
witk combnrimg 2 long e hiclogical misrachion with the
n.nrumdmghuhgﬂ]t.'ml. ]I'Emnhd.m'h'ul:]nm

gamed by the inyplent srfics. (Zhang, 2011

The Poroes meverials could be mads with & 1w of arganic
compoumds. that cam act as feoylaks o pore-frming agents.
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Gold and Silver Nanotechology on Medicine

Solano-Umasia, Vietor' & Vega-Baudrit, José Roberto®

Abetract

The new researches about the application of noble metals (nanopartcles, namo-
films, nanostrociure, etc) to the medical field are one of the most exciting topics.
Diagnostics, Dmyg Deelivery, Photo-Thermal Ablation, AMedical Imaging, Biomarkers,
and Antimicrobial Coatings are examples of this new technology that the human can
be reach with this acknowledge. Owing to wide ranging applications of noble metal
panoparticles, nanccompounds: of panostmemres in diverse areas of science and
technologies, the medical application is one of the more impacted areas, this impact
alzo impacted homan quality live. The nanctechnology promise of providing great
benefirs for sociery in the futmre is in the realm of medicine.

Eeywords: Nanoscience, Nanotechnology, Nanomedicine, Sitver and Gold
Introducnon

The sucface modifications for polymers or applying coatings nsing metal
panoparticles  increase the hiocompatbiity properties, nanofilms: since favor
interaction of imng cells with the biomaterial, especnlly for its beneficial effect on cell
adhesion and proliferation Along with the control of porosity in these materials, the
application of metal helps allow vasenlarization and the growth of cells inside. The
key biclopical processes intepration, protein adsorption and cell proliferation, 15 the
nse of chemical methods to modify the properties of the surface of biocompanble
matenials, (Vamiola, Vetrone, Ricert, Jedrzejowski ¥i Zalzal Clar, Saressian,
Perepichka, Wnest, Rose, & Nanei, 2009), Nanotechnology had tremendons impact
on medical scence and has resulted in phenomenal progress in the field of dmg
delrrery and diapnostics, (Doshi, & hitragotn, 2009).
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