
Polytechnic Institute of Bragança | PCT TMAD Brigantia EcoPark

Bragança . Portugal

tj^b^tí'

^!Í^
t!t! ^L'^

^ SfífF
s^ y t j. [^

b-i
REIKS
L y E ü lu '(L'»'' t_í'1

Eds. - M. F. Barreiro, O Ferreira, A. l. Pereira

i(=
INSTITUI

BMt.iauiAïj [*^í^'

l INSTITUTO POLffÉCNICO
DE BRAGANÇA

©L5RE
/cm

' 7^
jBnganha

^^^-. ecop^



Title

6th Workshop Green Chemistry and Nanotechnologies in Polymer Chemistry

Edited by

M. F. Barreiro, O Ferreira, A. Pereira

Graphic Design

SoraiaMariurn-niPvi/eblPB

Firstedition 07/2015

ISBN 978-972-745-188-3

Edition

Instituto Politécnico de Bragança



^̂
 )

UVí'OR!;<;::i-:OF:

Green Chemislry and Nanotechnologies; /__ ureen unemisirv

(O inPolymerChemistry

J

Committees

Scientific Committee

Aleksander Prociak, Cracow University ofTechnology, Poland
Alessandra Gandini, IQSC University of São Paulo, Brazil

Alfonso Jimenez, University o1 Alicante, Spain
Alírio Rodrigues, University of Porto, Portugal
Ana Vera Machado, University ot Minho, Portugal
Andrea Lazzeri, University of Pisa, Italy
Arantxa Eceiza, University ofthe Basque Country, Spain
Armando Silvestre, University of Aveiro, Portugal
Bela Pukansky, Budapest University, Hungary
Fernão Magalhães, University of Porto, Portugal
Filomena Barreiro, Polytechnic Institute of Bragança, Portugal
Helena Gil, University of Coimbra, Portugal
Janusz Datta, Gdansk University ofTechnology, Poland
Joanna Ryszkov/ska, Warsaw University ofTechnology, Poland
João Mano, University of Minho, Portugal
José Vega Baudrit, Centro Nacional de Alta Tecnologia (CeMAT), Costa Rica
Juan Francisco Rodriguez, University of Caslilla La Mancha, Spain
Luisa Carvalho, Polytechnic Institute ot Viseu, Portugal
Mário Rui P. F. N. da Costa, University oí Porto, Portugal
Mirta Aranguren, CONICET University of Mar de Plata, Argentina
Naceur Belgacem, Grenoble INP-Pagora, France
Tomas Vlcek, TOSEDA S. R. O. Research & Development Center, Czech Republic
Tomasz Sterzyriski, Poznan University ofTechnology, Poland
Ugis Cabulis, Institute ofWood Chemistry, Latvia

Organizing Committee

Ana Isabel Pereira, Polytechnic Institute of Bragança, Portugal
Filomena Barreiro, Poiytechnic insTitute of Bragança, Portugal
Helder Gomes, Polytechnic Institute of Bragança, Portugal
Isabel Ferreira, Polytechnic Institute of Bragança, Portugal
Joana Amaral, Polytechnic Institutçof Bragança, Portugal
José Santos, Polytechnic Institute of Bragança, Portugal
Olga Ferreira, Polytechnic Institute oi Bragança, Portugal
Paulo Piloto, Brigantia Ecopark, Portugal



6th Workshop on Green Chemistry and Nanotechnologies in Polymer Chemistry

033. CORK COMPATIBILITY IN POLYMERS .............................................................................................................63
S. P.M. Silva, P.S. Lima, J.M. Oliveira

POSTERPRESENTATIONS........................................................................................................ 65

P01. DEVELOPMENT OF BIOPLASTICS FROM AGRO-WASTES .........................................................................66
MJ. Macedo, l. Moura, A.V. Machado

P02. THE USE OF BAMBOU POWDER AND GLASS MICROSPHERES TO REDUCETHE
HYDROPHILICITi' OF CASSAVA STARCH FILMS FOR POTENTIAL APPLICATION IN THE PACKAGING
INDUSTRY.......................................................................................................................................................................... 68

L.C.G.S. Santos, E. Ayres, F.R.G. Padula

P03. PREPARATION OF P-CYCLODE)CTRIN /LATEX DISPERSION FOR COATING OF CELLULOSE
FABRIC................................................................................................................................................................................ 70

MA Cofrim. J.C.O. Villanova, E. Ayres

P04. EDIBLE FILMS OBTAINED FROM OKRA MUCILAGE f/lbe/moschusesct/tertus^ASSOCIATED WITH
LEMON GRASS OIL (Cymbopogon fíexuosus) WITH POTENTIAL ANTIMICROBIAL ACTIVITY......................72

MA CotTim, V. Alves, E. Ayres

P05. PROMOTION OF SCIENTIFIC SKILLS IN SECONDARY EDUCATION FROM DIFFUSION OF
NANOSCIENCEANDNANOTECHNOLOGY...............................................................................................................74

K. Ramírez, A. Rivera, J. Vega, R. Hemández, K. Montero, R. Granados

P06. NOVEL BIOCOMPOSITES FROM NATURAL RUBBER AND LIGNIN: THE EFFECT OF FILLER
CONTENTON MORPHOLGOYAND MECHANICAL PROPERTIES ......................................................................76

P. Kopczyrtska, J. Datta, P. Parcheta

P07. PREPARATION AND PROPERTIES OF NATURAL RUBBER COMPOSITES FILLED BYMIXTURE OF
CALCIUM CARBONATE AND BARRIUM FERRITE ................................................................................................... 78

J. Datta, M. Wtoch, P. Lis, P. Parcheta

PÔS. SYNTHESIS, STRUCTUREAND PROPERTIES OF POLY(ESTERURETHANE-UREA)S SYNTHESIZED
WITHUSINGBIO-BASEDDIAMINE..............................................................................................................................79

M. Wtoch, J. Datta

P09. ULTRASOUND-ASSISTED SYNTHESIS OF SUCROSE AND FRUCTOOLIGOSACCHARIDES ESTERS
ASBIOPLASTICIZERS....................................................................................................................................................80

D. Vassilev, N. Petkova, P. Denev, M. Koleva

P10. CHITOSAN DERIVED FROM BEE ABDOM ........................................................................................................ 83

D. Malina, B. Tyliszczak, K. Bialik-Wqs.A. Sobczak-Kupiec

P11. FABRICATION AND PROPERTIES CHARACTERIZATION OF EPOXY POLYMER MODIFICATED
WITHDIFFERENTCARBONNANOPARTICLES........................................................................................................85

L. Stiebra, S. Gaidukovs. A.Arnautovs

P12. GAMMA IRRADIATION: AGREEN TOOL FOR THE PREPARATION, MODIFICATION AND
FUNCTIONALIZATION OF POLYMERIC-BASED MATERIAIS ...............................................................................87

J.J.H. Lancastre, L.M. Ferreira, M. H. Casimiro. F. M.A. Margaça, AN. Falcão, I.M. Miranda Salvado

P13. ENCAPSULATION OF ROSMARINIC ACID INTO CHITOSAN AND MODIFIED CHITOSAN
MICROPARTICLES FOR TOPICALDELIVERY.......................................................................................................... 89

F. Casanova, B. N. Estevinho, L. Santos

P14. RHEOLOGICAL BEHAVIOR OF CELLULOSE NANOFIBER SUSPENSIONS FROM Posidonia oceânica:
EFFECTOFOXIDATIONTREATMENT........................................................................................................................91

F. Bettaieb, O. Nechyporchuk, R. Khiari. M. F. Mhenni, M. N. Belgacem, A. Dufresne

P15. EFFICIENT FLUOROPHORES DERIVED FROMCITRIC ACID ..................................................................... 92
W. Kaspr^k, S. Bednarz, P. 2mudzki, M. Galica, D. Bogdat

.-^ P16. VISUALIZATION OF A PMMA BLOOD ANALOGUE FLUID FLOWING THROUGH A HYPERBOLIC
MICROCHANNEL.............................................................................................................................................................. 94

J. Calejo, D. Pinho, V. Garcia, F.J. Galindo-Rosales, R. Lima, L. Campo-Deafio

vii



6th Workshop on Green Chemistry and Nanotechnologies in Polymer Chemistry

P16. VISUALIZATION OF A PMMA BLOOD ANALOGUE FLUID
FLOWING THROUGHAHYPERBOLIC MICROCHANNEL

J. Calejo1, D. Pinho1'2. V. Garcia1, F J. Galindo-Rosales2, R. Lima1-2-3-*, L. Campo-
Deano2

1Polytechnic Institute of Bragança, Campus de Santa Apotónia, Bragança, Portugal
2CEFT, Faculty of Engineering ofthe Univsreity of Porto, R. Dr. Roberto Frias, Porto, Portugal

3Minho University, MED, Faculty of Engineehng, Guimarães, Portugal
*ruimec@ipb. pt

Introduction
Axial migration of individual red blood cells (RBCs) is a well known eflect thathappens in microchannels
with dimensions below 300 [im. This eflèct is known as the Fâhreeus-Lindqvist eflèct givss place to a
cell free layer (CFL) of plasma located around the walls ofthe microchannel [1]. Sewral fiow studies
regarding the CFL measurement exist in in vítro [1-3] environments. However, the manipulation of in
vitro blood is often diflRcult due to the ethical, economical and safety issues inwlwd. As a result, the
development of blood analogue solutions is needed to improve our understanding regarding the blood
flow behauour in microchannels and microvessels.

Although sewral studies using one-phase Newtonian and non-Newtonian blood analogues can be
found inthe literature [4, 5], there are few works related with the use of particulate solutions in which the
particles mimic the RBCs behaviour. Tlie present work proposes a particulate-viscoelastic solution made
ofxanthan gum and dextranwith rigid polymethylmethacrylate (PMMA) spherical particlesable tomimic
the effect of CFL formation that frequently happens in in vitro blood flow systems. Flow visualizations
through hyperbolic contraction microchannels were usedtoobservB theCFL originated bytheproposed
blood analogue fluid. Additionally, this CFL was compared with the plasma layer formed by an in vitro
blood sample.

Materiais and methods
The composition of the worklng fluids used in this study is as follows: dextran 40 (Dx40, pDx4o=1. 05

g/cm3) containing 5% by volume of ovine RBCs, and a two-phase viscoelastic solution made of xanthan
gum (115 ppm) and dextran 40 carrying 5% w/w (4. 4% v/v) of PMMA spherical particles of 6 |jm diameter
(ppMMA=1.20 g/cm3) with 0. 05% w/w of sodium dodecyl sulfate (SDS) in order to awid microparticles
aggregation.

Polydimethylsiloxane (PDMS) hyperbolic microchannels wcre fabricated by using a soft-lithography
technique. The dimensions ofthe microchannels are given by400|jm ( ) x 400 pm (/) x15 [im (h} where
w, /and h refer to the width of the inlet microchannel, the length of the hyperbolic contraction region and
the depth of the microchannel, respectively.
The high-speed video microscopy system used in the present study consists otan inwrted microscope
(1X71, Olympus) and a 10x objective lens, combined with a high-speed camera (i-SPEED LT, Olympus).
The PDMS microchannel was placed on the stage of the microscope where the flow rate (Q) of the
working fluids was kept constant by means of a syringe pump (Har^rd Apparatus PHD ULTRA). The
images oftheflowing RBCs/PMMA particles were captured at the mid-plane of the microchannel using
a high speed camera.

Results and discussion
Figure 1 show images recorded by a high-speed camera for both particulate blood analogue fluid and
in vitro blood samples tested. The qualitative visualization results show clearly a formation of a CFL
downstream the hyperbolic contraction. The results also showthat at lhe contraction upstream the CFL
was negligible.
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Fig. 1. Images of (a) PMMA particles and (b) RBCs flowing through a hyperbolic microchannel.

Although the results show a good agreement regarding the CFL obtained for the blood analogue
solutions and for the real blood, it also possible to observe that the CFL formed by the PMMA particles
downstream the contraction is slightly bigger than the one formed by the RBCs. Note that, for the fluid
containing RBCs, the suspension fluid is Newtonian (no elasticity and constant viscosity), while in the
case of the PMMA particles, the suspending fluid is shear thinning and slightly elastic. Hence, we believe
that the observed deviation is mainly due to the rheological differences that exist between the two
suspending fluids.
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