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* Ciencia y Tecnologias convergentes y emergentes.

* Innovaciones cientificas que pueden crear una nueva
industria o transformar una existente

* Fenomeno del siglo XXI. (o
* TICS, Nanotecnologia y Biotecnologia. a0 \/—\
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Definiciones de nanotecnologia

Se debe recurrir a:
e Combinacion de distintas ciencias, ingenierias y tecnologias.
e Mejoramiento o nuevas propiedades.
e Nuevas aplicaciones.
e Muy pequeiia dimension.

e Existen herramientas para construir, caracterizar y emplear estructuras a
nanoescala a través de una gran variedad de disciplinas. P.e. SEM, TEM, AFM.




Prefijos del SI

Prefijo Simbolo Factor Equivalencia decimal Prefijos de medidas

yotta Y 10%* | 1000 000 000 000 000 000 000 000
zetta Z 104 1 000 000 000 000 000 000 000 TEM de Grafeno
exa E 1038 1 000 000 000 000 000 000 '
peta p 10%® 1 000 000 000 000 000
tera T 102 1 000 000 000 000
giga G 10° 1 000 000 000
mega M 10° 1 000 000
kilo k 10° 1 000
hecto h 102 100
deca da 10 10
sin prefijo 1 i
deci d 101 0.1
centi c 10°# 0.01
mili m 1073 0.001
micro m i {1 0.000 001
e : = 00000000011 Nandémetro = 10-9 m
pico D 10-12 0.000 000 000 001 o
R . 10-15 9 600 00D 006 600 001 1 mi’l millonésima de me’tro
atto a 16718 0.000 000 000 000 000 001 10 ATOMOS DE HIDROGENO
zepto z 1022 0.000 000 000 000 000 000 001
yocto v 1072* | 0.000 000 000 000 000 000 000 001 :2 LANOTEC
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Definicion de nanotecnologia

La nanotecnologia consiste en
modificar atomos o moléculas para
fabricar productos.

‘ La nanotecnologia trabaja a
nivel atbmico y molecular.

> A la escala nanométrica, no se aplican las reglas ordinarias de
la Fisica y la Quimica.

» Las caracteristicas de los materiales tales como el color,
fuerza, conductividad y reactividad, pueden  diferir
sustancialmente entre la nanoescala y lo macro.

x: LANOTE
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Impacto de la nanotecnologia en la industria mundial:

* Alimentos

Salud: dispositivos médicos y farmacia
* Polimeros

e Construccion

* Electronica

e Ceramicasy vidrio

* Agroindustria y revalorizacion de subproductos
* Textiles

* Deportes

* Cosmeética

* Agua, energia y ambiente

h LANOTEC
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Fortalezas en el desarrollo sostenible de la nanotecnologia en Costa Rica

* Biodiversidad.

2% Textil

Tecnologias ambientales
* Nanomedicina y nanofarmacia. Electrénicos

* Nanobiotecnologia. PRINCIPALES Otros
INDUSTRIAS

* Nano-microelectronica. CON DESARROLLO  Construccion 25%
 Nanotecnologia y medio ambiente. 3%:&82%%T83N N il
* Nano y microsensores. NANOTECNOLOGIA , .
* Biorefineriay eééonomia circular. o putomens E:gfgfa

19%

[ ]
Nanocompuestos. Agroalimentos

* Nanocatalizadores. Bt B
* Energia y nuevas fuentes alternativas de energia.

* Vocaciones cientificas y educacion.

* Nanometrologia.

* Nanoseguridad y nanoregulacion.

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

:2 LANOTEC
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ESTRATEGIA NACIONAL DE
i BIOECONOMIA
mL COSTA RICA 2020 - 2030 -w“

Nanotecnologia en CR: Hechos h LANOTEC
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Pilares de la Estrategia del Siglo XXI.
Decreto de respaldo del MICITT, 2011.
Programas y redes universitarias de CONARE.

Incorporacion a la Secretaria Técnica para la Gestion de Sustancias Quimicas

uln

Comision de Nanotecnologia: MS, MINAE, CONARE. L

Comité de Quimicos y el Grupo de Trabajo sobre Sustancias Quimicas, Plaguicidas y Biotecnologia— OCDE.
Incorporacion a INTECO y la creaciéon del CTN de Nanotecnologia.

Contribucidn a la creacion del Cluster Costarricense de Biotecnologia, Dispositivos Médicos y Ciencias de
la Vida CRBiomed.

Estrategia Nacional de Bioeconomia 2020-2030.

Programa Nacional de Desarrollo, PNDN, 2013. ‘.

Creacion del LANOTEC-CeNAT, 2004. CR b|omed

. cluster
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Creacion del Laboratorio Nacional de Nanotecnologia
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Administracion del LANOTEC

Edificio CeNAT — CONARE ;zLANOTEC
Dr. F. Chang Diaz
Antiguo AID, Donacidn gobier_n_o.
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LANOTEC

:3 LANOTEC

Laboratorio Nacional de Nanotecnologia

Inauguracion: agosto 2004.
Inicia funciones: julio 2006.
Superficie: 500 m?2.
Inversidn inicial: $50,000.

Laboratorio de quimica y biologia, cuarto instrumental, planta piloto
(quitina, nanocelulosa), impresiéon 3D, oficinas, biblioteca.

Ogooo0oad

_ Bienvenidos ala
VIl Escuela Internacional
NANOANDES MTY 2018
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Objetivos :: LANOTEC

Laboratorio Nacional de Nanotecnologia

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

* Servir de centro-laboratorio para la formacion 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.



EQUIPO MULTIDISCIPLINARIO

e Dr. Jose Vega Baudrit, Director « Tesiarios nacionales e internacionales, Becas CENAT.

« Dra.Yendry Corrales, Ing. Quimica, AFM  Estudiantes UCR, TEC, UNA, UNED, UTN, Privadas, LANOTEC
« Dr. Sergio Paniagua, Quimico « Lic. Luis Castillo Henriquez, Farmacia

* Dra. Andrea Araya, M.Sc. Quimica. Control Calidad » Dr. Leo Lesser, Ing Eléctrico

- Dr. Diego Batista, M.Sc., Bi6logo, Biotecndlogo »  Dr. Victor Hugo Soto Tellini, Quimico

* Dra. Gabriela Montes de Oca, M.Sc. Biologia y Biotecnologia. »  Dr. José Saavedra, Fisico Apoya

« M.Sc. Melissa Camacho, Quimica, Innovacidn »  Dr. Jorge Cubero, Ing. Mecanico

« 1.Q. Andrea Rivera, Ing. Quimica. *  M.Sc. Allan Campos, Fisico.

« B. Reinaldo Pereira , Bidlogo y microscopista * Dra. Jeannette Benavides, NASA

« Ing. Rodrigo Mora, Ing. Materiales « Dr. Daniel Chavarria, Odontologo

* Flor Flores, Asistente administrativa.

» Carolina Morales, secretaria

« Lic. Gaston Baudrit, CONARE, Abogado.

 Lic. Cynthia Cordero, Administrador, FUNCENAT

:: LANOTEC
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Areas de trabajo en el LANOTEC

SOCIEDAD

Investigacion - Producto
Extension

Docencia
Innovacion Socios: universidades y centros de
Arte investigacion, gobierno, empresas

Deporte

33 LANOTEC
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LANOTEC: 6 Nodos de investigacion: :3LANOTEC

Laboraterio Nacional de Nanotecnologia

Impresion 3D, restauracion y preservacion de

1 Mecatronica arte y objetos antiguos.
Electrdnica
Nanobiotecnologia Bioeconomia
5 Materiales avanzados Biorefineria: Biomasa, energia.
y Energia: Biorefineria, Reactor condiciones supercriticas
Bioeconomia Nanomateriales
3 Nanobiodiversidad Nanobiomimetismo
. _ . Procesos de
Nanomedicina, Dispositivos

Acreditacion ISO 17025 Innovacion

4 med|c0§, Proyectos de alta tecnologia
Farmacia
5 Vocaciones cientificas Nanoprofesor, OLCOQUIM

Nanometrologia, patrones de referencia.
Normalizacién, seguridad laboral,
Aspectos regulatorios

Regulacion e
Impacto en la sociedad



Qué es Biorrefineria?

Laboratorio Nacional de Nanotecnologia
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* REFINERIA:

Una refineria (destileria) es una plataforma
industrial destinada a la refinacion del petrdleo.

Mediante un proceso, se obtienen diversos
combustibles fosiles capaces de ser utilizados en
motores de combustion: gas oil, nafta

Ademas, y como parte del proceso, se obtienen
diversos productos tales como aceites minerales,
plasticos y asfaltos.

3 Lanorec B
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Columna de destilacidon

Multiples productos:

Gases
Combustible
Queroseno

Ceras y lubricantes
Plasticos

Asfaltos

Petrdleo

M

A

3L
1

B

3l
1

)

Gas
O ]

Butano, propano,

— Queroseno

2l
i

400 °C

Combustible
Diésel _
(gasdleo) EFRAVTT RSP

calefacciones
(fuel cil)

Lubricantes,
ceras

Asfalto

= productos quimicos (%
(disolventes) E:i ‘
Combustible

b para vehiculos

[~ (gasolina)
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IMPACTO DE LA REFINERIA

’&b,?: .
5

Los impactos ambientales de una destileria de petrdleo son el resultado, principalmente,
de las emisiones gaseosas, descargas de efluentes, desechos sélidos, ruido y olor
ademas de efectos visuales o estéticos



CONSIDERANDO:

* Las reservas de combustibles fosiles se agotan.

e El tratamiento de residuos es cada vez mas costoso y
problematico.

* El crecimiento poblacional requiere mas energia y
consumo de productos.

* El cambio climatico ya es una realidad.

ALTERNATIVA

BIOIRIREFINIERIA

:3 LANOTEC
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BIORIREFINIERIA

* Proceso analogo a la refineria del petroleo para obtener productos y energia
pero empleando biomasa.

Laboratorio Nacional de Nanotecnologia
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Ciclo de fijacion de carbono: Forma de retorno del carbono a la naturaleza.

/ Contamina Fijado por las plantas

sunlight 6 1 sunlight
‘ agricuiture, ;

forestry co,

1

plant plamt
biomass biomass
eoioagacal
2 PrOCEsEes
geclogical reservoirs omtustion 3 biorefinery combustion
\.'?r:.r: g 2
fuels
oil e chemicals :
3 - sugars inclustrial
4 e M
Petrochemical Carbon Cycle

Balance del ciclo del carbono
Ciclo del carbono petroquimico

33 LANOTEC
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* Una biorrefineria es un SISTEMA que integra procesos de conversion de biomasa y
equipamiento para producir combustibles, energia y productos quimicos a partir de la

biomasa

SISTEMA

CONVERSION DE BIOMASA

¥

BIOIRIREFINIERTA

4 33

COMBUSTIBLES ENERGIA PRODUCTOS QUIMICOS

h LANOTEC
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Sector Agricola: cultivos energéticos y residuos agricolas.

Sector Forestal: madera, cultivos energéticos y residuos de la industria de |la madera.

Sector Industrial: subproductos/residuos de los procesos industriales.

Actividades domésticas: residuos organicos.
 Acuicultura: algas.
* Otros.

Biocombustibles

Calor/electricidad I I
@% Biorrefineria up

» Biomateriales :

L

¢

h LANOTEC
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Ejemplos: Biorefineria y economia circular: caso de caha de azucar:

Cana de Azicar
:'I {II . IJ::" F.¥ :I..i ; = W i
'ﬁuw (Al INGENIO I W

g M [ ! A i AZUCARERO e

werw. i edmigiones,

Fabrica de
Etanol

Diferentes calidades e Fabricacién

O Balances de Masay
Energia

Fraccion Solida

]. MDF Tableros

d -lon de

aglomerados

Q Balances
economicos, flujos de
caja y estimacion de

Escenarios VAN vy TIR

1. Jarabe de Xilosu. .,
2. Furfural R — 0 Comparacion de

LA BIORREFINERIA COMO EJEMPLO DE PRODUCCION : .
SUSTENTABLE EN LOS SECTORES ARROCERO Y FORESTAL 3. Xilitol S— alternativas

Dra. Maria Cristina Area
https://docplayer.es/79372577-La-biorrefineria-como-ejemplo-de-produccion-sustentable-en-los-sectores-arrocero-y-forestal.html

BIORREFINERIA —

r

Fraccién Liquida
(Hemicelulosa

Unidad de
Vapor vy
Eletricidad

Unidad de
Hidrolisis

VAN valor actual neto

TIR tasa interna de retorno

:’ LANOTEC
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PRIMERA Cana de azucar, maiz.
GENERACION

CULTIVOS
CLAS;I;IE:;ION SHETR PRODUCTOS
VIATERIAS GENERACION
RESIDUOS
PRIMAS

TERCERA GENERACION
ALGAS

:3 LANOTEC
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) | Red de diferentes relaciones entre materias primas de 12, 22 y 32 generacidon con productos en una
PRODUCTOS

biorrefineria.
/ MATERIAS PRIMAS
PRIMERA SEGUNDA TERCERA
GENERACION < > GENERACION € |  GENERACION ALGAS
CULTIVOS = RESIDUOS
AZUCARES - AZUCARES ~ AZUCARES
ACEITES ACEITES = hesesem : [ 1_ ACEITES
PROTEINAS é COGENERACION u-----;u-q_ r} -:— PROTEINAS
POLIFENOLES E Gas de sintesis 1T lllélllqll Il; I I I POLIFENOLES
Y COLORANTES . : : r -I'I' 'l— Y COLORANTES
; POLIFENOLES ? E : I II I
PRODUCTOS : Y COLORANTES T | I RESIDUOS
ALIMENTICIOS : . - I I I
— e e e e e i e
RESIDUOS ! : i
! SR T T T T e LT T T . m
; — H— ¥ ]
I ‘ll.ll-llIlllllllIIIIIIIIIIllullllllllllllIlllllllllllllllllllllIIIIIFIIFIIIIIIIIIlllllll‘ L] I
— : == 1 - 1 —
—_—— e —— ————e— e — ] — ——— e — e ——
e ____JE : : ____,__T__ - J’
w ) Wt : : ;J o A R 3
'-IW i L . L
BIOMOLECULAS Y BIOCOMBUSTIBLES = BIOENERGIA SEGURIDAD
PRODUCTOS BIOMATERIALES . <> ! ALIMENTARIA
QUIMICOS x
LANOTEC NATURALES
Laboratorio Nacional de Nanotecnologia P RO D U CTOS




BIOMASA: hay 3 RUTAS de conversion:

BIOMASA RUTAS

PROCESOS

Etanol,  Hidrégeno,
Biogas, Compost vy
otros productos
Energia Eléctrica

I

Celulosa, Pellets,
Briquetas, Aditivos,
Papel, Aglomerantes,
Materiales de
Aislamiento etc.

Energia Eléctrica
Biocarbén, Bio-
aceites, Gases de
Sintesis (CO,H2),
Carbén Activado,
Productos Quimicos
_ | etc.

|
1

[I I I 1
|

s R Ut 35 actuales para la generacion de electricidad

== == == Rutas explorables para la generacién de electricidad

33 LANOTEC
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Algunos productos quimicos:

1,4-Diacids 2,5-Furan- 3-Hydroxy- Aspartic acid
dicarboxylic acid propionic acid
o on o o o o o .
vainillina HOJ\/T Hﬂ I~ Ho’"\./\{
sulfuro de dimetilo HO i I " NH,
fenoles y cresoles dimetll sulfoxido Glucaric acid Glutamic acid Itaconic acid Levulinic acid
O OH OH 2 on 2
. PROCESOS ; |HOM°” m)ﬁ’\[ WJK/T
HIDROGENACION REDOX OXIDACION &n
acetileno 3-Hydrox Sorbitol Xylitol/Arabitol
. g y- i yli i
fenol y fenoles etileno butyrolactone OH OH
sustituidos OCHs — dtnn o T
0 Ho/\;/')/'\/m' HO OH
’ o) , OH OH H
HIDROLISIS o HO OCH; TERMOLISIS HO
OCH3
_PROCESOS OH o} HO OH PROCESOS
ACIDO/BASE o o TERMICOS
OH
e OCH3_on O ,
TRATAMIENTO OH O ocH; PIROLISIS
CON ALCALIS HO. o RAPIDA
Instituto de Investigaciones Quimicas y Bioldgicas + Facultad de Ciencias Quimicas y Farmacia + Universidad de San Carlos de Guatemala
OCH;
ac. fendlicos
catecol »* ac. acético, fenol : P : :
"metano. CO Estudio preliminar de la obtencion de compuestos hibridos
CONVERSION PROCESOS OXIDACION ' de quitosano y polifenoles derivados de lignina a partir de
MICROBIANA BIOLOGICOS ENZIMATICA subproductos agropecuarios y pesqueria de camarén
vainillina, acidos ferdlico lignina oxidada para Preliminary study of the production of hybrid compounds of chitosan and
cumarico y otros pinturas y recubrimientos polyphenols derived from lignin from agroindustry and shrimp fishery

Mary Lopretti Correa', Marianelly Esquivel Alfaro’, Sergio Madrigal Carballo®, Yendry Corrales Urefia’®,
José Vega-Baudrit>?

'Facultad de Ciencias, Universidad de la Republica y Bioprocesos LATU, Uruguay
2Laboratorio de Polimeros, Escuela de Quimica, Universidad Nacional, Costa Rica
*Laboratorio Nacional de Nanotecnologia LANOTEC-CeNAT-CONARE, Costa Rica.

h LANOTEC i e
Recibido: 23 de febrero 2017 Aceptado: 26 de mayo 2017
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Laboratorio de Ciencia y Tecnologia de Polirr

:: LANOTEC

Laboratorio Nacional de Nanotecnologia

e Caracterizacion de sustratos de los “desechos agroisndutriales”.

* Normas ASTM: contenido de celulosas, ligninas, humedad, extractos,
cenizas, entre otros.

* Creacion de redes de trabajo: CYTED: Red ADA, Red de Quitina, Red
dextranos y fructuosa.

* Pina, café, banana, palma africana, arroz, maiz, entre otros.

* Celulosas (técnica, microcristalina), ligninas, algunos derivados: CMC,
vainillina, polimeros con refuerzos.

* La PINA por lo general, presentaba los mejores resultados.



BIORRECER COOPERACION
VALORIZACION DE RESIDUOS DE LA INDUSTRIALIZACION DE S U R- S U R

GRANOS PARA LAOBTENCION DE PRODUCTOS QUIMICOS Y

EHERGIA Programa Iberoamericano para el Fortalecimiento
de la Cooperacion Sur Sur

Proyecto Cooperacion Sur-Sur 2017: “Capacitacidon en nanobiotecnologia, valorizacion de subproductos industriales y fomento de vocaciones cientificas
entre Uruguay y Costa Rica”. Ejecuciéon 2018 - 2019

RED TEMATICA NANOCELIA $Huanorec

NANOCELIA NETWORK %5
SEMINARIOS VIRTUALES - Semanales 4 CeNAT

WEBINAR SERIES

Nanotecnologia y biorrefineria
en Costa Rica

Jueves 18 de Junio 2020
11:00 pm - 12:00 pm Buenos Aires (GMT-3)

Extracellular nanostructures as
inspiration for designing novel materials
Thursday 9% July 2020

11:00 am — 12:00 md Buenos Aires (GMT-3)
4:00 pm — 5:00 pm Brussels (GTM+2)

Mgter. Melissa Camacho Elizondo

gistel

Proyecto: Obtencion de micro y nanocelulosa a partir de residuos > INCADE Svo
agroindustriales y forestales disponibles en el Paraguay, CONACYT » U N IVERSI DAD

INCADE S.A. / Universidad Americana AMERICANA AMERI(A NA
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CASO DE LA PINA EN CR: INTRODUCCION

e Cultivo presente en el pais desde hace mas de 50 afios.

* En sus inicios, la produccién se destinaba para consumo local y en menor
proporcion a la industrializacidon de pulpas, mermeladas y enlatados.

 En 1986 se inicid su exportacidon con la variedad Cayenna Lisa, posteriormente se
continué con Champaca.

e Para 2001, con la variedad que dado un lugar de preferencia a nivel mundial a CR:
Golden.

* Enla actualidad existen 44.500 hectareas netas dedicadas al cultivo.

:2 LANOTEC
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Cultivo de pina

Sustainable Pineapple Costa Rica
Market Study

Figure 5: Growth in crop production, 1995-2015 index (OECD, 2017)

Sugar cane w— = == Pineapple = = == = Banana
Paimoil fruit = sesses Coffee Rice

CSR Netherlands (MVO Nederland / De Groene Zaak) 1005 100

llonka Nennie and Hasse de Boer 700

29 May 2018 eo0 |

500
400 ¢
300 f
200

100 |

0

) A ) S D S A &S H H AN a8 ke
FEELLFFLFF I T T TS T T

Note: This Index is derived from the total national production of the crops selected.

Pineapple production in Costa Rica multiplied by 7 (1995-2015)
Equalling almost 2.8 million tonnes in 2015 (OECD, 2017)

:‘ LANOTEC
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* Costa Rica exportdé un 55% de la pifa fresca y seca del mundo en el 2015.

* Aproximadamente 1.9 millones de toneladas (UN, 2016).

* Segun la figura, supera por mucho las exportaciones de banano y café

Figure 6: Costa Rica’s share in world exports of selected commodities, 1994-2015 (OECD, 2017

" pp——
60

Pineapples, fresh or dried
Pineapple juice

= == == Bananas, including plantains, fresh
Coffee, not roasted or decaffeinated
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Sustainable Pineapple Costa Rica
Market Study

CSR Netherlands (MVO Nederland / De Groene Zaak)
llonka Nennie and Hasse de Boer
29 May 2018

Otros
1%

Resto de Europa
2%

https://canapep.com/estadisticas/

UE Y USA PRINCIPALES PAISES A
LOS QUE SE EXPORTA
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Principa

1. Agroindustrializacion del producto

60% Desechos

- 33% cdascara _

- 21% hojas
- 46% otros

x: LANOTEC

Laboratorio Nacional de Nanotecnologia

Fuente: Ramirez et al, 2009. “Encuesta de oferta y consumo energético nacional a partir de la biomasa en Costa Rica”
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fermentacion

Proceso deslignificacion:
NaOH, Enzimaticos, mecanicos, entre otros

33 LANOTEC
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Tabla 1. Propiedades fisicoquimicas del rastrojo de pifia en base seca.

Ensayo

Resultado (%)

Cenizas
Humedad
Solubilidad en agua caliente

Solubilidad en agua fria

Extractos ciclohexano/ etanol

Holocelulosa
Lignina

Alfa-celulosa

4,60+ 0,01
13,5+02
38.45 £ 0,02
36,90 = 0,02
874+ 0.01
4270 = 0,01
27.72 0,01
4512 0,02

e
msssss———

Revista Iberoamericana de Polimeros
Quesada et al.

Volumen 6(2), Junio de 2005
Fibras del rastrojo de piiia

UTILIZACION DE LAS FIBRAS DEL RASTROJO DE PINA (Ananas
comusus, variedad champaka) COMO MATERIAL DE REFUERZO EN
RESINAS DE POLIESTER

Karol Quesada-Solis', Patricia Alvarado-Aguilar’, Rosario Sibaja-Ballestero’, José
Vega-Baudrit’

! Laboratorio de Polimeros-POLIUNA, Universidad Nacional, Heredia, Costa Rica

? Laboratorio de Adhesion y Adhesivos, Universidad de Alicante, Espaiia. Correo electronico:

jvegab@hotmail.com

UNICIENCIA 26
pp. 75-89
2012

OBTENCION DE XILOSA A PARTIR DE DESI*;CHOS
LIGNOCELULOSICOS DE LA PRODUCCION'Y
PROCESO INDUSTRIAL DE LA PINA (Ananascomusus)

XYLOSE FROM LIGNOCELLULOSIC WASTE IN THE
PRODUCTION AND INDUSTRIAL PROCESSING OF
PINNEAPLE (Ananascomusus)

Karla Ramirez Amador’
Oscar Rojas Carrillo?
Patricia Alvarado Aguilar’
José Vega-Baudrit'

Cuadro 2. Composicion de la cascara de
pifia seca y molida variedad MD?2.

Ensayo

Humedad

Cenizas

Solubilidad agua fria

Solubilidad agua ca-
liente

Solubilidad
clohexano-etanol

Cl-

Lignina
a-celulosa
Holocelulosa

Xilano

Resultado
746 % (x0,01)
425 % (x0,01)

2932 % (+0,01)
30,93 % (+0,01)

2474 % (+0,02)

905 % (+0,02)
41,19 % (+0,01)
65,61 % (+0,01)
28.40 g/L (+0.04)
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Fibras Méddulo de Resistencia a la Deformacion por Diametro (um) Densidad
Young (GPa) traccion (MPa) fractura (%) (g/cm3)
» Hoja de pifia 34,5-82,5 413-1627 0,8-1,6 20-80 1,44
Lino 27,6 45-1100 2,7-3,2 - 1,5-3
Yute 1,3-26,5 393-773 7-8 20-200 1,3-1,45
Banano 7,7-20 529-754 1,0-3,5 - 1,35
Algodon 5,5-12,6 287-800 2-8 - 1,5-1,6
E-vidrio 70 2000-3200 2,5 - 2,5
S-vidrio 86 4570 2,8 - 2,5
Aramida 63-67 3000-3150 3,3-3,7 - 1,4

(Kengkhetkit et al, 2018)



Fibras de la hoja de pina se someten

a. Tratamiento de rebrote de agua
b. Tratamiento de desengomado
c. Tratamiento de blanqueamiento

(Hazarinka et al , 2016).
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* Estudios con desechos de pina por mas de 30 anos.
* Investigacion y desarrollo
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LANOTEC-POLIUNA: reconocidos como uno de los 20 Campeones de la Innovaciéon 2013 por
DEXTRANOS DE JUGOS RESIDUALES DE PINA y 2015 por OBTENCION DE NANOCELULOSA DE
CASCARA DE PINA.

e Ciencia, Tecnologia y Telecomunicaciones
ce como campeona de innovacion a:
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Polisacarido de origen bacteriano, con anillos de glucosa, de peso molecular generalmente muy alto.

Se producen por accion de la enzima dextransacarasa sobre la sacarosa, la desdobla y enlaza la glucosa.
Se libera fructosa.

dextransacarasa

n(Cy,H,,04; ) > (CeH1gOsIn + n(CH.,00)

sacarosa dextrano fructosa

Microbioldégicamente son producidos por bacterias de los géneros:
Leuconostoc
Streptococcus
Lactobacillus
Hongos del género Penicillium.

Estudios de factibilidad positivos.




Dextrano nativo ‘ hidrdlisis ‘ grado clinico

Dextrano (75 000): sucedaneo del plasma sanguineo, disuelto en suero fisioldgico (6%) da una disolucion
de presion osmatica y viscosidad semejante al del plasma sanguineo. Se emplea en las transfusiones de
sangre como aditivo.

Dextrano (40 000): evita la agregacion y estancamiento de células sanguineas. Se administra por via
endovenosa.

Dextrano (10 000): se transforma primero en sulfato de dextrano, que tiene propiedades anticoagulantes,
se emplea en forma de pomadas en varices y edemas.

Complejos hierro-dextrano utilizados en medicina veterinaria: anemia en cerdos.

Formulaciones de detergentes, cosméticos y maquillajes liquidos, adhesivos, agentes espesantes,
aglutinantes, en la homogenizacion de los tabacos, helados, salsas y aderezos.

En la industria del papel, en formulaciones sdélidas farmacéuticas como tabletas, en la industria de la
pintura como preservante, impresiones, alimentacién, entre otras.
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Dtro producto de la CELULOSA: nanocelulosa
* Produccion de papel
* Pinturas
* Cosmeéticos
* Medicina
* Farmacia

* Embalaje en industria alimentaria - nano refuerzo

—

Cobertores
Mercado de S$8,2 billones
(4,2% crecimiento anual)

Pinturas, barnices,
recubrimientos, hidrogeles.

Potencial de

nanocelulosa Medicina

Laminas flexibles (pantallas, baterias) IBM




PELICULAS DE NANOCELULOSA PARA CREAR SENSORES

Internet of medical things loMT: UBICACION, TEMPERATURA, pH, azucar, oximetria.

Coordinator: PhD. José Roberto Vega Baudrit, email: jvegab@gmail.com

COVID-19

Obtaining patches for medical devices for population monitoring.

Objetive: To produce patches with micro and nanoelectronics devices using nanocelluloses from agroindustrial
pineapple wastes as loMT’s.

| this point, we obtained nanocellulose from agroindustrial pineapple wastes. We have 3D printer of high technology.

https://tecnotool.com/si-no-te-gustan-los-tatuajes-mejor-no-descartes-la-posibilidad-que-un-dia-tengas-uno/ :}
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Figure 11: Pineapple crop residue valorisation options
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Synthesis and Characterization of Nanocrystalline Cellulose
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Abstract

A number of industries currently produce many tons of agroindustrial wastes with significant consequences on the environment
and human and animal health. In recent years, increasing emphasis has been placed on reducing this negati i i
article aims to investigate the use of pretreatment methods that can be applied as an alternative to the us:
addition, we seek to highlight the efficiency of the processes as well as possible weaknesses, whicl
impacts. Generally, the waste chemical composition
ctionated, extracted, and purified to produce different

are associated with lugh

energy and reagent consumption, low yields, and possible second:
consists mainly of cellulose, hemicellulose, and lignin; these can be fra
cls, organic acids, enzymes, biopolymers, and chemical additives. Despite the multiple
possibilities to produc dif cts from lignocellulosic biomass, further rescarch is still required to enhance the efficiency
of the methods used nowadays and find new procedures.

Keywords Agroindustrial wastes - Biomass - Cellulose - Lignin - Hemicellulose
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Abstract

Synthesis of metallic nanoparticles by an eco-friendly and sustainable process is an important target to be developed in
nanotechnology area. In the present work, two different commercial brands of yerba mate from Argentina and their wastes
(PYM and TYM samples) were used for the preparation of aqueous extracts, in order to synthesize silver nanoparticles at
room temperature (25 °C). The silver nanoparticles obtained were spherical, hexagonal and, triangular in shape with the
average particle size of 50 nm and, shows a surface plasmon peak around 460 nm. The antimicrobial activity of the silver
nanoparticles obtained with the extracts from yerba mate wastes was evaluated against E. coli and S. aureus. The minimum
inhibitory concentrations required for E. coli were 7.66 and 17.66 ug ml~" using the treatment T2YE and P2YE, respectively
and, for S. aureus were 23.25 and 50.60 ug ml~" for the treatment T2YE and P2YE, respectively. The study suggests that
polyphenols present in I. paraguariensis leaf extract act as reducing agent and stabilizer of the nanoparticles.
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Biorefinery by the hand of the nanotechnology:
biodegradable polymers from industrial biomass
waste

José Vega- Baudrit, Michael Hernandez-Miranda, Rodolfo Gonzalez-Paz,
Yendry Regina Corrales-Urefia.

Biorefineries contribute to solve energy, water and environmental problems due to the used of thousands of
tons of agricultural biomass residues for production of high value materials, that from a social point of view
could help developing countries to improve their economy. The technological and scientific advances in
sciences as nanotechnology have increased the understanding of material properties; helping to find new
applications. Examples of materials extracted from Costa Rican biomass waste are presented.



METODOS DE PRODUCCION DE NANOCELULOSA

* Fuerza Mecanica por alta presion

 Microfluidizacion

* Explosion de vapor

 Quimico-mecanicos

* Hidrolisis acida
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Celulosa microfibrilada

Fuente: http://blogthinkbig.com

Celulosa

N

Celulosa nanocristalina

Fuente: http://blogthinkbig.com
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Cascara de pifia

e

20% en peso de
soluciéon de
NaOH, 1% h

-

12% en peso de
solucién de
NaOH, 1 h

Filtraciony
Lavado con agua

V—I

Adicion de 2,5%
p/p NaClO
blanqueo, 2 h

17 % en peso de
solucién de HCl,
2h Producto:
microcelulosa

65% en peso de
solucién de
H,SO, durante

1h

Nanocelulosa

Lavado;
Eliminacion de
sales y residuos

solubles

Dialisis

-

Almacenar Gel

Esquema de procedimiento para la obtencion de NCC a partir de residuos
cascara de pifa.
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N

Procesos para la elaboracion de celulosa:
(I y II) material de partida,
(I, 1V, y VI) proceso de deslignificacion.
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Obtencion de Celulosa: proceso después del
blangueamiento con hipoclorito de sodio.
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Procesos para la purificacion de la nanocelulosa:
(I y II) dialisis,
(111) nanocelulosa.

;%ﬂiﬂ%i
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COSTO MATERIA PRIMA POR DIA

(1 kg de pina)

DESCRIPCION PRECIO (i.v.i) )

Cascara de pifia* $122,00
Hidréxido de sodio $108,00
Acido sulfurico $70,00
Hipoclorito de sodio $41,00
Acido clorhidrico $50,00
TOTAL $391,00

*Costo total de la cascara

de pifia por cada kg (segun estim

aciones del Ing. Carlos Acevedo, CANAPEP)
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Cellulose Acid hydrolysis
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OH
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+HO Lignin

lonic liquid
solubilsation

Figure 2 Selectivity i'f chemical treatments for isolation of lignocellulosic materials of peels.

Enlace éster de la lignina es roto y los grupos Hidrolisis parcial con el HCI por ruptura
COO se oxidan. de enlaces glicosidicos.



SEM

* Se hizo un estudio de degradacion de la celulosa en H2SO4 a 0, 20, 35, 50, 60y 75 min.

- -
0KV X300 soum 0000 1080sE 7

10KV X1,500 10pm

o000 1050 SE1

100V

X10000 1pm

0000 10 50 SEI

Las muestras b, ¢, d, e se
promueve la disminucion del
tamano, la forma de barray
varia el tamafo.

Muestra ey f tienden a las
nanofibras esféricas.

Mas alld de 75 min, muestras se
tornan café, degradacion.

El H2SO4 actua también
rompiendo enlaces glicosidicos.
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nm

0 min

Celulosa: muestra heterogénea, presenta
micro y nanofibras.
Altura 500y 15 nm.

jm
pm

60 min

05 10 15 20 25 30 35

Tratada 60 min H2S04, altura 25+8 nm,
tiende a la nanofibra, aunque su fraccion
disminuye respecto a las redondeadas.
Relacidon Long/Didmetro pasa de 500 a 120.

pum

0.0
(f) pm

05 1.0 20 25 30

(e)

Figure 4 AFM images of the product obtained after hydrolysis of the microcellulose with H SO (a, b) 0 min (microcellulose),
(c, d) 60 min, and (e, f) 75 min.

Presenta alta fraccion de nanoparticulas
redondas.
Tamafno: 18 £ 6 nm
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Nanocellulose ! ‘\\‘\ * \. 1' -’ *

Avicel

Microcellulose :

N T T T . +
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Wavenumber cm™!

Figure 6 FTIR spectra of (a) The material obtained after different contact times with sulfuric acid, 4000 to 500 cm™

(b) Microcellulose, avicel PH-101 and the final product (nanocellulose, 60 min in contact with sulfuric acid), 2000800 cm'.

Determinar la composicion del material.

Efectividad del tratamiento con H2S04 a 60 min
Comparativa entre la nanocelulosa, el avicel, la microcelulosa.
Concluye: espectros caracteristicos de celulosa.
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Microcellulose :
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Wavenumber em™

3350, 2894, 895 cm™!: stretching O-H, C-H y C-O-C,
respectivamente.

1058 cm™: stretching C-O-C del anillo pirandsico.
Ausencia: 1315y 1367 cm™: vibraciones twisting de los
grupos -CH2 y —CH del anillo aromatico.

No estan las bandas: 1428, 1464, 1509y 1601 cm™:
stretching y vibraciones de los enlaces del C-H en el
anillo aromatico.

Pico a 1429 cm™: evidencia la presencia de cristales de
celulosa, movimiento de tijereteo del —CH2

Mejor mas adecuado: nanocelulosa: PROCEDIMIENTO
EFECTIVO.
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ABSTRACT: The renewability, biocompatibility, and me-

chanical properties of cellulose nanocrystals (CNCs) have

made them an attractive material for numerous composite,

ABSTRACT: TPineapple peel biomass was used as raw material for nanocellulose extraction. The raw material is a residue biomedical, and rheological applications. However, for CNCs
from the Costa Rican fruit industry. The nanocellulose was obtained by a two-step hydrolysis process. to shift from a laboratory curiosity to commercial applications,
. . . . . ; - - researchers must transition from CMNCs extracted on the bench ‘
Firstly, the cellulose was hydrolyzed with HCI to obtain microcrystalline cellulose. In the second step, the scale to material produced on an industrial scale. There are a
hydrolysis was carried out using H,50, to obtain smaller fragments and decrease the lignin content. A time- number of companies currently producing kilogram to ton per
dependent study was carried out to determine the particle size decrease depending on the contact time with day quantities of sulfuric acid-hydrolyzed CNCs as well as
the H,50,. The chemical, thermal and morphological properties were analyzed by Fourier transform infrared other nanocellulases, as described herein. With the recent
H'ZS 4 - _( N P ,gl 4l prop IW ) Yy X Y N T N intensification of industrially produced CNCs and the variety
spectroscopy (FTIR), thermogravimetric analysis (TGA), dynamic light scattering (DLS), zeta potential, atomic of cellulose sources, hydrolysis methods, and purification
force microscopy (AFM) and scanning electron microscopy (SEM). The nanofiber-like cellulose was obtained procedures, the chamacterization of these materials becomes critical. This has further been justified by the past two decades of

research that demonstrate that the CNC stability and behavior are highly dependent on the surface chemistry, surface charge
density, and particle size. This work outlines key test methods that should be employed to characterize these properties to ensure
3 . . a “known” starting material and consistent performance. Of the sulfuric acid-extracted CNCs examined, industrially produced
KEYWORDS: Nanocellulose, Pln@ﬂpple PEEISJ acid hj'dl'ﬂlySIS, waste material compared well with laboratory-made CNCs, exhibiting similar charge density, colloidal and thermal stability,
crystallinity, morphology, and self-assembly behavior. In addition, it was observed that further purification of CNCs using Soxhlet
extraction in ethanol had minimal impact on the nanoparticle properties and is unlikely to be necessary for many applications.
Owerall, the current standing of industrially produced CMNCs is positive, suggesting that the evolution to commercial-scale
applications will not be hindered by CNC production.

after 60 minutes of exposure to 65 wt% H,50,.
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— Se determind que el proyecto es economicamente rentable,
considerando los resultados obtenidos del VAN ($106.620,45), TIR
(45,62%) y TMAR (19,19%).

— VAN valor actual neto
— TIR tasa interna de retorno

— TMAR tasa minima aceptable de retorno o rendimiento



| OCALIZACION

 Ubicacion:
e Cercanias de la planta de deshidratacion que suministraria la cascara
de pina

* Factores determinantes:
e Disponibilidad materia prima
e Acceso carreteras
* Factor econdmico

Fotografias tomadas en Empresa
Piflera ubicada en Siquirres




Desechos pifa

Aprox. 4 toneladas diarias

Fotografias tomadas en planta de deshidratacidon de Empresa Pifiera en Siquirres
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* Proyecto factible y rentable aun en panoramas pesimistas.

* Mercado meta en crecimiento para la compra de la nanocelulosa.
* Accesible tecnologicamente.

* Plan de Gestion Ambiental para mitigar el impacto ambiental.

RECOMENDACIONES

* Realizar estudio de mercado mas profundo.
* Cuantificar el manejo de desechos: lignina.
* Evaluar rentabilidad de subproductos del proceso.
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RESUMEN

El aporte de la nanotecnologia en las nuevas tecnologias convergentes ha sido clave en la sinergia
de distintas ciencias, ingenierias e industrias, lo cual genera la posibilidad del mejoramiento o creacion de
nuevas propiedades o nuevas aplicaciones. La inclusion de fibras naturales como aditivo en mezclas de
concreto hidraulico es de interés debido a su abundancia, por ser un insumo proveniente de fuentes
renovables y por su potencial aporte en las propiedades fisicas y mecanicas en mezclas cementicias.
Existen métodos que permiten la obtencion de un material a nivel nanoscépico llamado nanocelulosa a
partir de la celulosa que forma parte de la estructura o pared celular vegetal. En Costa Rica, la produccion
y exportacion de pifia representa uno de los sectores productivos mas importantes para el pais. El rastrojo
del cultivo de pifia representa biomasa rica en celulosa que comtinmente se considerada un residuo o
desecho agroindustrial cuyo manejo representa un proceso costoso y con posibles efectos adversos al
ambiente y a la salud.

La reutilizacion y revalorizacion de este subproducto, se enfoco en la extraccion de la fibra
lignocelulésica obtenida de las hojas del cultivo de pifia para la posterior produccion de nanocelulosa. La
investigaciéon busca principalmente evaluar posibles variaciones en las propiedades de resistencia a
tension, compresion y trabajabilidad entre las mezclas de mortero de cemento hidraulico con distintas
dosificaciones del producto obtenido del proceso de produccion de la nanocelulosa y las mezclas sin
adicion. Se realizaron mezclas con cuatro porcentajes de adiciéon ademas de la mezcla patron (0%) con
porcentajes en estado acuoso respecto al peso del cemento para cada aditivo obtenido de 0,125, 0.25,
0,50, y 1 (0,013, 0,025, 0.05, y 0.1% en peso seco respectivamente). En todas las mezclas con alguna
adicion de nanocelulosa, se obtuvieron valores de reduccion porcentual en la relacion agua/cemento para
una consistencia plastica adecuada en comparacion a la mezcla patrén. Todas las mezclas con alguna
adicion de nanocelulosa obtuvieron valores de resistencia tanto a la tension como a la compresion
mayores a la mezcla patrén.

Palahras clave: Nanocelnlosa nifia desechos asroindustriales mezelas cementicias aditiva

Figura 17. Briquetas (izquierda) y cubos (derecha) de mortero
hidraulico fabricados segin los requerimientos de las normas ASTM C307 y
ASTM C109 respectivamente.



Subproducto del proceso: silica
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from pineapple peels

i that vegetable biomass could be an underappreciated source, not only for nanocellulose, but alsofora

T
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_obtained as a sub-product of the
nanocellulose extraction process

Yendry R. Corrales-Urefia?, Carlos Villalobos-Bermudez?, Reinaldo Pereira?,
Melissa Camacho?!, Eugenia Estrada?, Orlando ArgUello-Miranda?! & Jose R. Vega-Baudrit!?

Silica in plant tissues has been suggested asa component for enhancingmechanical properties, and as
a physical barrier. Pineapples present in their shell and bracts rosette-like microparticles that could be
associated to biogenic silica. In this study, we show for the first time that silica-based microparticles are
co-purified during the extraction process of nanocellulose from pineapple (Ananas comosus). This shows

highly valuable sub-product, like 10 pm biogenic rosette-like silica-based microparticles. The recovery
yield obtained was 7.2 wt.%; based on the dried initial solid. Due to their size and morphology, the
microparticles have potential applications as reinforcement in adhesives, polymer composites, in the
biomedical field, and even as a source of silica for fertilizers.
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N a no pa rtl’cu IaS de Sl’l ice Macroparticulas de nanocelulosa vy silice

después del tratamiento con el H2SO4

A

Shell Bract

 Opposite fiber [
Fiber direction dil:::tiun

500X 1000X
Figure 1. Pineapple parts, and TEM and SEM images of the nanocellulose and microparticles extracted. (A)
Pineapple peel detail of parts investigated as sources of biogenic silica-based microparticles and nanocellulose.
TEM images of microparticles present in the supernatants during the NCC extraction (after centrifugation at
2500 rpm and first incubation with H,50,): (B) 3000X and (C) 10000X. 5EM images of the precipitate after
centrifugation: (D)) 500X and (E) 1000X.
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Figure 2. Microparticles present in specific plant tissues. Optical microscope images of the transverse section
of the pineapple peel. (A) Opposite to the direction of fibers. (D)) Along fiber direction. SEM images of the shell
tissue section showed in A and D. SEM images of A (B) 750X and (C) 1400X. SEM images of D, (E) 1000X and
(F) 5000X.
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Figure 3. SEM images of the pineapple shell. In contact for 15 min with NaOH 20 wt.%: (A) 500X and (B)
2000X. In contact with H,50, 65 wt.%, 55°C: (C) 1400X and (D))3000X.
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Figure 4. Solid after different treatments. Solid precipitated at 2500 rpm with different treatments after contact
with the pineapple peels. (A and B) NaOH 20 wt.% and NaOH 12 wt.%. (D and E) NaOCIL. (G and H) HCI. Solid
remained in the supernatant after separating the fraction that precipitates at 2500 rpm with different treatments.
(C) NaOH 20 wt.%. (F) NaOCI. (I) HCL
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Figure 7. Characterization of microparticles obtained as a sub-product of the nanocellulose extraction process,
(A) SEM image of the microparticles, (B) FTIR spectra of the solid in the supernatant separated after the second
H,50 step, (C) XRD spectra of BRSM before TGA and BRSM after TGA, (D) EDX spectra of BRSM.



Silice antes (A) y
después (B) del
tratamiento en TGA
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Figure 8. Microparticles and their regular nanometric features. SEM images of (A) BRSM before TGA, (B)
BRSM after TGA, (C) AFM height image, (D) Cross-section of C, (E) 3D image of BRSM.



S u Sta i n a b I e Pi n ea pple COSta Ri Ca ﬁi:k'“ael;flt;i:?eng;(gl\ﬂ\;ié\lzgeBr(IDaer;d / De Groene Zaak)
Market StUdy 29 May 2018

1. Paper, 2. Pallets, 3. Biogas, 4. Bromelain, 5. Nanocellulose
Best valorisation options according WUR Ranking

Valorisation product Economic potential Available market Easinesstoimplement Ranking
Paper 9 for many feedstocks Medium Yes Easy 1

4 for pineapple residue
Pallets 9 for banana leaves Medium Yes Easy 2

Should be tested for
pineapple residue
Biogas 9 for many feedstocks Low, needs subsidy | Yes Easy 3
Should be tested for
pineapple residue

Bromelain 9 for pineapple stems High No Medium 4
3 for pineapple leaves
Nanocellulose 9 for wood pulp High No Medium 5

4 for pineapple residue

Table 3: Ranking of valorisation options of pineapple crop residue

Ranking further explained:

*  Paper #1: could be implemented locally, has an available market, will not have negative returns and can be quickly developed.
* Pallets #2: scoring indicators almost similar to paper, however no TRL tests have been done.

* Biogas #3: less economically viable.

* Bromelain & nanocellulose # 4/5: have very small markets and need a complex technology.
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Abstract

A number of industries currently produce many tons of agroindustrial wastes with significant consequences on the environment
and human and animal health. In recent years, increasing emphasis has been placed on reducing this negative impact. This review
article aims to investigate the use of pretreatment methods that can be applied as an alternative to the usage of residual biomass. In
addition, we seek to highlight the efficiency of the processes as well as possible weaknesses, which are associated with high
energy and reagent consumption, low yields, and possible secondary impacts. Generally, the waste chemical composition
consists mainly of cellulose, hemicellulose, and lignin; these can be fractionated, extracted, and purified to produce different
value-added products, such as biofuels, organic acids, enzymes, biopolymers, and chemical additives. Despite the multiple
possibilities to produce different products from lignocellulosic biomass, further research is still required to enhance the efficiency
of the methods used nowadays and find new procedures.

Keywords Agroindustrial wastes - Biomass - Cellulose - Lignin - Hemicellulose

Obtencién de Biocombustibles
Cebada, arroz, maiz, trigo, cafa de azucar, aserrin

Biomass Conv. Bioref.

Table 5 Biofuels obtained from various agroindustrial wastes

Residue Product Pretreatment method Inoculum Reference
Sawdust Bioethanol lonic liquid Saccharomyces cerevisiae [130]
Sugarcane bagasse Bioetanol and biogas Alcaline Saccharomyces cerevisiae [131]
Sugarcane bagasse Bioethanol Alcaline and hydrodynamic cavitation Scheffersomyces stipitis [132]
Rice straw Biogas Alcaline and extrusion Digested sludge from agroindustrial manure [133]
Rice straw Biohydrogen Enzymatic hydrolysis Thermoanaerobacterium thermosaccharolyticum [134]
Barley straw Biodiesel Acid Rhodococcus sp. [135]
Corn straw Biodiesel Alkaline and acid Mycobacterium smegmatis [136]
Wheat straw Biogas Organosolvents and alcaline Digested sludge from agroindustrial manure [137]
Wheat straw Biohydrogen Microbial consortium Digested sludge from agroindustrial manure [138]
Wheat straw Biodiesel Grinding, alcaline, and enzymatic digestion Trichoderma viride [139]

Obtencion de otros productos
Coco, soya, arroz, algoddén, maiz, cafa de azucar.

Biomass Conv. Bioref.

Table 6 Value-added chemical products obtained from lignocellulosic agroindustrial wastes

Residue Product Pretreatment Application Reference
method
Coconut, cassava, and soya flour Lycopene Biologic Food industry [151]
Soya stover Carotenoids Extrusion and Pharmaceutical, biotechnological, and [152,
fungal hydrolysis chemistry industry 153]
Wheat bran and corncobs Fumaric acid and ~ Fungal hydrolysis ~ Pharmaceutic and chemistry precursors — [154]
itaconic acid
Corncobs Furfural Grinding Pharmaceutic and chemistry precursors, — [155]
plastic and polymer industry, refinery
Rice straw Lignolytic Fungal hydrolysis ~ Lignocellulosic material treatment [156]
enzymes
Wheat rice hay and bran, sugarcane bagasse, peanut Cellulolytic Fungal hydrolysis  Lignocellulosic material treatment [157]
peel, birch, and beech branch enzymes
Corm stover L-Lysine Acid Food industry [158]
Com stover Citric acid Acid Pharmaceutic, chemistry, food, cosmetic, [159]
and agricultural
Cottonseed meal and com cob D-Lactic acid Hydrolysis without ~ Pharmaceutic, cosmetic, and chemistry ~ [160]
pretreatment
Com cob Succinic acid Acid Chemistry, pharmaceutics, food, [161]

cosmetic, and polymeric industry
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Introduction
The Concept of Bio-Refinery

Another approach includes “the sustainable processing of
biomass into a spectrum of marketable products and energy”,
therefore, allows defining biorefineries as “integrated bio-based
industries, using a variety of different technologies to produce
chemicals, biofuels, food and feed ingredients, biomaterials
(including fibers) and power from biomass mwma‘l:ena]s"[l.,z]
The concept of biorefi has evolved to take 1
several criteria as technology, material, products, industry, or
any other combination of the above [3]. Besides chemicals and
energy biorefinery may also provide biproducts as food for
humans and livestock, This could support populations against
food shortages and bring an alternative carbon and nitrogen
fermentation sources (cellulose-rich waste an animal waste,
respectively) [24]. Due to the highly varying composition of
carbohpdrate, lipids, and proteins content among biomass,
Bicrefineries needs to include several processes to cbtain the
chemicals or fuels of interest. Because of this, it is necessary

Motivation

Biorefineries come as a reasonable solution to cope with
mmngmmsmgamgfossﬂlnelmmemmg
dep y of cont ¥ ieties to obtain and
raw materials from the former, climate change as an indisputable
as the world population is expected to keep increasing at a swift
mmmmmmmmmagmmmm
when dealing with these i ing d ds, Bi
happen to provide a way to deal with all these concerns while
providing innovative sclutions [6]. Biomass has acquired an
important position in order to replace fossil fuels becanse of it
is a renewable character, it also can reduce carbon dioxide air
concentrations in as an important fraction of the formeris caused
by waste plastic incineration [4]; in this fashion greenhouse
effect could be reduced, and slow down global warming [7].
Besides that, the waste management issue could be addressed
by recycling and treating agro- and food waste to include them

to follow initial p and ation steps

as biorefinery starting materials. As a consequence of the many

biorefinery) before focusing on the, conversion processes that
yield the o obtain biochemical building blocks of interest, ie.,
a set of functional molecules suitable for organic symthesis
[secondary biorefinery] [1,3]. In order to target the bicrefinery's
geal, an industry must implement a mixture combination
of technologies and unit operations to deal with biomass
conversion and energy production. Among theoss, it is possible
to mention fe gasification, pyrolysis, hydr
liquefact Ty tiom, hy is, oxidation and
hydrodecxygenation [3].

toxicelogy reports on chemical compounds released to the
environment each year, there is an increasing need to substitute
list of products for substitution will quickly grow longer as the
new legislation gets approved [8].

Thus, the of ies for
Biorefinery serves the dusl role of reusing disposal while
preducting useful products [4], so by using new technologies
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Produccidn del polimero biodegradable Polihidroxibutirato PHB a partir de desechos de la industria

bioenergética

Bacillus megatherium —>

Fig 1. Crecimiento de Bacillus

megaterium utilizando

glicerol (40 g/L).
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Fig 2. Curva de crecimiento

de

Bacillus  megaterium

utilizando glicerol 40 g/L.
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PHB: producto de
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glicerol.

Fig 3. Granulos de PHB
observados en TEM

Production of Polyhydroxybutyrate (PHB) by Bacillus
megaterium DSM 32 from Residual Glycerol of the
Bioenergy Industry
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ABSTRACT: Bmdngndabb polymers rom renewable resources are generating growing interest in the pusm
industry because they have prop pol

P 'HB), have and p ical properties very similar to Lhcnr synthetic
counterparts. This work explores the use of residual glyceml from the bioenergy industry for the production
of PHB by Bacillus megateriun DSM 32. The glycerol works as a source of carbon and energy. Raw glycerol

a

inorder to 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 g analysis (TGA).

Additionally, the physicochemical properties, like viscosity, pH, ash content and density, were measured. The
were conducted in 30 “Cand 120 rpm. Different glycerol concentrations (20, 30,
40 /1) were used to evaluate the influence of the initial
and biopolymer production. The purified glycerol obtained had a high pumy<~ 89.5-92.13%); this material does
ot contain fatty acids, although it contains ~3.7% salts. The final PHB concentration obtained was 0.054 mg/mL..

KEYWORDS:

glycerol, bi Bacillus

1, biomass

1 INTRODUCTION

Due to the inerease in oil and natural gas prices, and
the high environmental impact generated by synthetic
plastics, bioplastics are becoming i ly more

competitive with petroleum-based resins [1]. One
alternative to bioplastics is the use of biopol

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 sirat-

egy in changing environments [1].
Poly-3-hydroxybutyrate (PHB) is the most com-
monly produced PHA [5, 61. This polymer is of great
1 and l interest as a biode-

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
ids. These p are as
intracellular granules. The PHAs can be synthesized
by many Gram-pasitive and Gram-negative bacteria
[3]. Th d sent an all ive source
of energy under limited conditions of some essential

*Corresponding axthor: mesquive@una.cr

DOL 10.7569/JRM.2017.634123

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

gradable plastic material [7] because of its physi-
cal propertics, 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-
logical 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 i m'\provmg Lhe pmdnchon of PHB
isthe use of straii

’E' ® 2017 Scrivener Publishing LLC 323
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Algunos derivados de quitina

o Polietilenglicol unido a un derivado de
quitina: transportar y liberar sustancias
anidénicas (proteinas, glicosaminoglicanos,
ADN)

@ D-O-butirilquitina (DBQ): Liberacion
controlada de drogas.

o Hidroxialquil quitosano: Membranas de
didlisis.

@ Sales cuaternarias de quitosano: Floculante y
quelante de iones metalicos.

@ N-acil-, N-acrilidin- y N-alquilidinquitosano:
Hidrogeles, cosméticos.

@ Carboximetilquitina: aplicaciones en
medicina.
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Sintesis de nanoparticulas para la liberacion controlada de farmacos de interés: antibiéticos.

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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Polimeros y Materiales Compuestos a partir de Fuentes Renovables

Materiales con Memoria de forma Refuerzo de Materiales con Micro y Nanoestructuras

Strain (%)

Strain (%)

Materiales Micro y Nanoestructurados (Imagenes SEM)

X65 '200pm 0000 4542 34 SEI

CDJ0002 X80 1mm

Materiales con Alto Desemper”\o Bioespumas Vegetales Micro y Nanocelulosa Resinas Vegetales Compuestas

ENSAYO DE TORSION

11 .

10 ——PURef

9 —PU1

8 —PU2

] — PU3 Resinas Vegetales

Esfuerzo
(Kpa)

:,/I%::/K

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

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

Rodolfo Gonzalez-Paz™
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ABSTRACT: I this work, rigid p foam: ized from ibl using diff

1o study their effect on the ical, thermal, chemical and surface properties of the foams. A wmmorml
foam pattern was used as the reference pattern to compare ioned properties. Ca

the commercial catalysts were optimized to obtain foams with similar mechanical propertics 1o the commercial
foam. Morphological characterization of the foams was performed by scanning electron microscopy (SEM).

Fourier transform infrared (FTIR) ployed to investigate th

groups. Thermal characterization was performed by mms of differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA). properties were also determined by dynamic
mechanical thermal analysis (DMTA). The optimum system of catalysts was composed of 33 L and

triethanolamine, which achieved a foam with better p the

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

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 Jesiis Gonzalez-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 osé, Costa Rica

Received November 25, 2016; Accepied February 14, 2017

ABSTRACT:  Nowadays, green polyurethane (PU) foams are mostly symhmz;w by replacing an amount of pctm]mmcal
polyol with biobased polyol. Here we report
were prepared with biobased sources and the correlation between the structure of chains and the pmpcmcs
of the produced PU foam. Foam behavior in tension, torsion, compression, shape memory tests and physical

propertics were studied by dynamic mechanical thermal analysis (DMTA); interactions in the polymer chains
were analyzed by Fourier transform infrared spectroscopy (FTIR), and thermal analysis was performed
by (TGA) and dil ial scal i (IDSC). The results showed that
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
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Edificio Franklin Chany

T3k nore de la Embjada de EEUU
Faves San Joss | R

02/ GAMACHO ELIZONDO, Karen Melissa
Edificio Frankiin Chang

1.3km norte de la Embajada de EEUU
Pavas San José / CR

03/ VEGA BAUDRIT, José
Edfico Frankiin Chang

T3k ot de la Embjada de EEUU
Favas San Joss | R

TEP DETECTION AND COUNTING METHOD
R REMOVABLE INSOLE [Right

to bookmark this.

Application deemed tobe  published
withdrawn on 06.02.2019  [2019/06]
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PROCESO PARA LA SINTESIS DE NANOPARTICULAS DE QUITOSAND ¥ COMPUESTO PARA
INHIBIR MECANISMOS DE RESISTENCIA A ANTIBIOTICOS

DATOS DEL SOLICITANTE

Salicitante Inventar :'

remere: CONSEJO NACIONAL DE RECTORES (CONARE)

SoliciTante Titular

identificacion: 3-007- 045437 B
MNacionalidad: costamicensa

Eztade civit: nfa

omieiiio: ]

DATOS DEL INVENTOR

Mambre: Marilyn Porras Gamez

Macionalidad: costaricense

Gamicilio: Tamber de Alajusla, Costa Rica

DATOS DEL REPRESENTANTE

APGDERADO premrmry -

~embre: Mariana Vargas Roghuatt

tdentificac an: 3-0425-0708
MNacienalidaa: costamicense

Sornicitic: San Jogé, Santa Ana, Centre Empresarial Forum |, Edificio C, Oficina ICI
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notificaclanes:

Persona auterizsda para Mariana Vargas Roghuett, Davi
retirar notificaciones en g ql id Morales Rodriguez

=l RPI:

Identificacidn: 3-0425-0709, 1-1448-0083

Patente Nanoparticulas de

CONICIT

Fondo Propyme CONICIT.

. - B e
quitosano para inhibir”
mecanismos de resistencia a
antibioticos.
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Production of Starch Films Using Propolis Nanoparticles as

Novel Bioplasticizer
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Received February 02, 2017; Accepted February 02, 2017

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 wt.% propolis

ticles were luated. The

Ly

best performance was obtained using 0.5 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.u gmail.com

DOI: 10.7569/JRM.2017.634109

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

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 in

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

; @ 2017 Scrivener Publishing LLC 189
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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 (Anranas comosus) Fermented Wastes

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

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

Abstract In Costa Rica, a lot of pineapple (Ananas
comosus) and banana (Musa AAA) agroindustrial residucs
arc generated cach year. These residues can be used (o
obtain L-lactic acid by fermentation, ultrafiltration and
clectrodialysis. Poly(L-lactic acid) (PLLA) is a biodegrad-
ablc and rcnewable polycster with many industrial and
biomedical applications. There is a growing intcrest to
improve the energetic efficiency of the synthesis of PLLA,
because the main issue to produce this polymer is the high

d cost d with i ditional

commodities. In this research, the synthesis of PLLA
through twe different techniques was compared: micro-

Keywords Microwave-assisted synthesis - Poly(lactic
acid) - Biodegradable polymer - Pincapple wastes -
Banana wastes - Green chemistry

Introduction

In the last years, the two major export products in Costa
Rica were the banana (Musa AAA) and the pincapple
(Ananas comosus). The agro-industrial banana and pine-
apple wastes have been an environmental problem. These
wasles are a carbohydrate source and these can be used to

ssisted and jonal heating. On

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

produce ve ives. Recently, a process for
production of 15-16 g/100 mL v-lactic acid from agro-
industrial wastes was developed, by means of an enzymatic

lactic i jion and clec-

by conventional heating to 4.5 h using mi assisted
synthesis.

1]

There are two traditional ways to polymerize the lactic
acid: the ring opening polycondensation and the dircct melt
polycondensation. The ring opening method consists of
synthesizing a dimeric cyclic compound (lactide), which
can be polymerized through further chemical reactions; the
direet melt polycondensation does not need an intermediate

P. Jiménez-Bonilla ()

Laboratory of Natural Products and Biological Assay
(LAPRONEB), Chemistry Department, Natural and Exact
Sciences Faculty, National University, Omar Dengo Campus,
86-3000 Heredia, Costa Rica

e-mail: pabloijh@hotmail com

1. Salas-Arias - M. Esquivel
Polymer Research Laboratory (POLIUNA), Chemistry
Department, National University, 86-3000 Heredia, Costa Rica

1. R. Vega-Baudrit
National Laboratory of Nanotechnology (LANOTEC), CeNAT,
Pavas, Costa Rica

p and produce a low molecular weight polymer
[2-6]. Some of the advantages of the ring opening poly-
merization method arc the higher molecular weight, as well
as the purity of the lactide obtained by sublimation. The
advantages of the direct melt polycondensation method are
the lower production cost and the easier 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
arc l with poly and polyprop Tesins.

) Springer
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EJES
ESTRATEGICOS

Bioeconomia para el desarrollo rural

ESTRATEGIA NACIONAL DF
BIOECONOMIA

COSTA RICA 2020 - 2030

Hacia una economia con descarbonizacion fésil,
competitividad. sostenibilidad e inclusion

Biodiversidad y desarrollo

Biorrefineria de biomasa residual
Bioeconomia avanzada

Bioeconomia urbana y ciudades verdes

C Eje estratégico 3: Biorrefineria de biomasa residual

Fomentar el desarrollo de nuevas actividades productivas basadas en el
aprovechamiento pleno y la valorizacion de la biomasa residual de los procesos
agropecuarios, agroindustriales, forestales y pesqueros.

Lineas de accion
1. Conocimiento de la biomasa residual.
2. Produccion de bioenergia.
3. Produccion de biomateriales.
4. Produccion de biomoléculas y bioproductos avanzados de alto valor.
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