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LA LSRE-LCM
Breve apresentacao

© LsRE
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LA LSRE-LCM

Breve apresentacao

© LA LSRE-LCM recebeu o estatuto em 2004 S
¢Em 2011 foi renovado por um periodo de 10 anos
¢ Avaliacao: Excelente

4 Grupos

Engenharia do
produto
Catalise e e
materiais de Termodinamica e

carbono ambiente

2 Linhas de Investigacao

Novas tecnologias ciclicas de
separacao e rea¢ao

Sintese e formulag¢ao de produtos
de elevado valor acrescentado

© 126 Investigadores, 71 com PhD

¢ > 1000 artigos cientificos e 12 livros
©> 90 PhD e 200 MSc teses

© 12 patentes

© 3 spin-off (iSensis, Fluidinova and MICE)

Processos ciclicos de
adsorcdo/reacao
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LA LSRE-LCM

Breve apresentacao

GRUPOS ;_, j T
Cyclic Adsorption/Reaction Processes e S

Cyclic Adsorptive Processes F
Multifunctional Reactors/Process IntenSIflcatlon

Product Engineering
Perfume Engineering & Microencapsulation
Agro-Food Valorization
Mixing in Chemical Reactors
Continuous Production of Nanomaterials
Polymer Engineering
CFD in Industrial Processes

Thermodynamics & Environment
Chemical Engineering Thermodynamics
Environmental Science and Engineering

Catalysis and Carbon Materials

Environmental Catalysis
Catalysis for Fine Chemicals
Energy and Fuels
Nanostructured Materials

8
o 2
&
2
o 8
-

1153 citations
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LA LSRE-LCM
Breve apresentacao

©Forte colaboracdao com a industria Nacional e Internacional e

BASF (Alemanha), Methaneva (Franca), Myriant (USA), Total (Franca), IFPen (Franca),
RJ Reynolds Tobacco (USA), PortucelSoporcel (Portugal), Efacec (Portugal)

¢@Intensa participacao em projetos

Alguns exemplos:

-MACADEMIA - EU FP7 2009-2013

-HY2SEPS 2 - EU FP7 2011-2013

-EuroBioRef - EU FP7 project 2010-2014

-FREECATS - EU FP7, 2012-2014

-BlIPP - Biorefinaria Integrada na Industria de pasta papel, ERDF, 2010-2013
-IBEROMARE - Valorization of marine resources and wastes, POCTEP, 2009-2012

-BioBlocks - Concecdo de produtos de base biolégica como percursores para a
bioindustria de sintese quimica e de biomateriais a partir de fontes renovaveis
lenhocelulésicas - 2013-2015

Ourense, 27 de-nevembro 2015




Processo integrado de valorizacao de lenhina e
polifendis de biomassa florestal

1. Introducéao

2. Visao geral: principais marcos na investigacao

3. Descricao geral

4. Projeto Bioblocks: Concecao de produtos de base biol6gica como percursores para a
bioindustria de sintese quimica e de biomateriais a partir de fontes renovaveis lenhoceluldsicas

5. Separacao

6. Projeto BIIPP: Biorefinaria Integrada na Industria da Pasta e Papel

7. Publicac0Oes

Equipa atual 2015

Paula  Carina Inés Cétia Elson Eduarda Filomena J.M. Alirio
Pinto Costa Mota Feliz Gomes  Baptista Barreiro Loureiro Rodrigues
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Processo integrado de valorizacao de lenhina e polifen6is de biomassa florestal

Introducéo

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

e\-‘gn‘\ﬁca’tion process for pulp or /polissaCa,.ide @ LSRE
Y Og

1 milhdo ton/ano
(1 fabrica)

IndUstria pasta e papel e biorefinarias

e

Subproduto: licor negro Celulose
hemice ' Recuperacéo de quimicos para papel/viscose ou
ulose inorganicos e fonte de energia acucares simples

Componente maioritario lenhina

250.000 ton/ano (1 fabrica)
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Introducéo

Conhecer

Converter Separar

Seringaldeido Vanilina Polidis e poliuretanos
MeO OMe

OH OMe ’A/_) \

* Industria de aromas (alimentar/perfumaria)

* |Intermediario sintese de farmacos:

papaverine,levodopa, ciclovalone e | [ trimethoprim (world Health Organization's

List of Essential Medicines)
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Viséo geral: principais marcos

/0 1993 Producéao de vanilina a partir da lenhina kraft de pinho: estudo cinético @LSHE
e do processo

/9 2000 Desenvolvimento de processo continuo para producéo de vanilina
/0 2002-2008 Separacéao e recuperacao de vanilina
/0 2004 Poliuretanos a partir da lenhina: sintese, caracterizacao e aplicacdes

/O 2009 Processo integrado de producéo de vanilina e poliuretanos a partir de lenhina

/‘ Desde 2010 Producao de vanilina e seringaldeido e outros similares.
Estudo de diferentes lenhinas, estrutura versus rendimento

/9 2013 Inicio de 2 teses Doutoramento: 1. producéo 2. separacao

/0 2013-2015 Bioblocks Concecéo de produtos de base biolégica como percursores para a
bioindlstria de sintese quimica e de biomateriais a partir de fontes renovaveis lenhoceluldsicas

/o 2013-2016 Contrato com empresa: 1. caracterizacao de lenhinas de diferentes plantas
2. producéo de compostos de elevado valor —
/‘ 2015 Radar para classificacao de lenhinas desenvolvimento do processo

/9 2015/2016 Novas parcerias, atender novas necessidades industriais

Ourense, 27 de-nevembro 2015




Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Viséo geral: principais marcos

1993 ‘ ): estudo cinético @ LSRE

d E—T———S—S 00000 (0 Cecnctmorsmenon a mmon cmese

/9 2000

An integrated process to produce vanillin and lignin-based
/0 2002-2

Chemical Engineering Research and Design |Chem

EL‘)E\I journal homepage: www.elsevier.com/locate/cherd 0 de Vanillna

polyurethanes from Kraft lignin

E.A. Borges da Silva®, M. Zabkova?, J.D. Araiijo?, C.A. Cateto?<, M.F. Barreiro?, 3 ; ~
) 2004 H M.N. Belgacem®, A.E. Rodrigues®* 10 € ap“cagoes

aboratory of Separation an action Engineering — , Associate Laborato R artment o emical Engineering,
2 Laboratory of Separati d Reaction Engineering — LSRE, Associate Lab ry LSRE/LCM, Dep! Chemical Engineering

Egeulty of Engimeering ITniversity of Parts Dug Dr Bohorto Frige e/m 4200 A0C Darts Partgal H H
Y uretanos a partir de lenhina

IREC .
ros similares.

pubs.acs.org/IEC
research :
Industrial & Engineering Chemistry Research a rS u S re n d I m e nto
Oxidation of Lignin from Eucalyptus globulus Pulping Liquors to
4 Produce Syringaldehyde and Vanillin
Paula Cristina Rodrigues Pinto,* Carina Esteves Costa, an(
Laboratory of Separation and Reaction Engineering - LSRE, Associate Labo &
d| Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias s/n, 4 pubs.acs.org/IECR
r rch 5
T Indugl &Egingingqemiswcniaamh

f 2013-2016 Contrato com empre  Radar Tool for Lignin Classification on the Perspective of Its
Valorization

Carina A. Esteves Costa, Paula Cristina Rodrigues Pinto,* and Alirio Egidio Rodrigues

~
aftaldaVataVal

Laboratory of Separation and Reaction Engineering - LSRE, Associate Laboratory LSRE/LCM, Department of Chemical Engineering,

/o 2015 Radar para classificacéo
. Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal
f 2015/2016 Novas parcerias, atermuer Tovas 1MeCESSIUaues Muusurars
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Processo integrado de valorizacao de lenhina e polifen6is de biomassa florestal

Descricéao geral

Licor negro | Ny —— —> Energiae
hw recuperacgéo de
# quimicos inorganicos

Reintroducé&o no

processo
Processamento INORGANICOS

POLIURETANOS
; Filomena

. . ~ Barreiro
Despolimerizacao

Ultrafiltracéo

Ourense, 27 de-hevembro 2015
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projeto Bioblocks

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

=

Wl.l
\V‘:
l’.

N
C
iquor

Pré-tratamentos fisico-quimicos da biomassa (Kraft + Organossolve + Hidrotérmico)
*Avaliacdo desempenho de biomassas e residuos florestais (Acacia, Arundo donax,...)
*Recuperacéo e caracterizagcao das lenhinas

Industrial Crops and Products 61 (2014) 479-491

Industrial Crops and Products 71 (2015) 153-162

Contents lists available at ScienceDirect

Contents lists available at ScienceDirect

Industrial Crops and Products Industrial Crops and Products

EI ‘;[‘-\"]R Fommell hemepamss mom.clberon.enmisemiafirdeas ELSEVIER journal homepage: www.elsevier.com/locate/indcrop

Evaluation of chemical processing impact on E. globulus wood lignin Kraft delignification of energy crops in view of pulp production and
and comparison with bark lignin lignin valorization

Carina A. Esteves Costa, Paula Cristina Rodrigues Pinto*, Alirio Egidio Rodrigues Paula C.R. Pinto®*, Catia Oliveira?, Carina A. Costa?, Alexandre Gaspar®, Tiago Faria®,
Laboratory of Separation and Reaction Engineering — LSRE, Associate Laboratory LSRE/LCM, Department of Chemical Engineering, Faculty of Engineering, JOSE Atdldeb. AIll'lO E' ROdl’lgUE‘Sa

University of Porto, Rua Dr. Roberto Frias 5/n, 4200-465 Parts, Portugal 2 Laboratory of Separation and Reaction Engineering — LSRE, Associate Laboratory LSRE/LCM, Department of Chemical Engineering, Faculty of Engineering,

University of Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal
© RAIZ - Paper and Forest Research Institute, Quinta de S. Francisco, Apartado 15, 3801-501 Eixo, Aveiro, Portugal

I&EC
e I Submetido:Performance of eucalyptus-derived biomasses

research

e , towards kraft pulping as sources of polysaccharides and
Radar Tool for Lignin Classification on the Perspective of Its ..

Valorization lignins, 2015

Carina A. Esteves Costa, Paula Cristina Rodrigues Pinto,* and Alirio Egidio Rodrigues

Laboratory of Separation and Reaction Engineering - LSRE, Associate Laboratory LSRE/LCM, Department of Chemical Engineering,
Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal —
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projeto Bioblocks

Pré-tratamentos fisico-quimicos da biomassa (Kraft + Organossolve + Hidrotérmico)
*Avaliacdo desempenho de biomassas e residuos florestais (Acacia, Arundo donax,...)

*Recuperacéo e caracterizagcao das lenhinas
Exemplos:

3-O-4 structures

3-O-4 structures

—— LKarundo

pubs.acs.org/IECR

\\\ —— LKEgwood
research SN0y )

Radar Tool for Lignin Classification on the Perspective of Its
Valorization
Carina A. Esteves Costa, Paula Cristina Rodrigues Pinto,* and Alirio Egidio Rodrigues

Laboratory of Separation and Reaction Engineering - LSRE, Associate Laboratory LSRE/LCM, Department of Chemical Engineering,
Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal

Ferramenta para classificacdo de lenhinas de diferentes origens*utilizando 6 descritores — ©
caracteristicas-chave das lenhinas para producéao de vanilina e seringaldeido ou outras

aplicacdes.

* processo, fonte, isolamento

Ourense, 27 de-nevembro 2015
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projeto Bioblocks

Demonstrac&o do potencial de lenhina para conversdes quimicas @ LSRE

*Converséao quimica de lenhina a produtos quimicos de elevado valor
acrescentado

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Fase 1l
Oxidacao em
reactor batch

‘ POLIURETANOS

Filomena da
Despolimerizagéo Barreiro, IPB
I Fase 2

SOLUCAO VANILINA : N )
E SERINGALDEIDO Oxidacao em rec
estruturado co

Separacéo

Lenhina despolimerizada:

-isolamento de lenhina e caracterizacéo
-quantificacao de produtos

-producéo de polidis
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Separacao

Separagao por membranas ............................................

Lenhina Ultrafiltracio Fenolatos de
despolimerizada ¢ baixa Mw

6
Available online at www.sciencedirect.com
—rs
e, . . journal of
. ScienceDirect MEMBRANE
SCIENCE

Journal of Membrane Science 301 (2007) 221-237 =
www.elsevier.com/locate/memsci

Recovery of vanillin from lignin/vanillin mixture by
using tubular ceramic ultrafiltration membranes

M. Zabkovd, E.A. Borges da Silva, A.E. Rodrigues*
Laboratory of Separation and Reaction Engineering (LSRE), Department of Chemical Engineering, Faculty of
Engineering, University of Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Poriugal

Received 24 January 2007: received in revised form 5 June 2007; accepted 13 June 2007
Available online 19 June 2007
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Separacao

Neutralizacdo por trocaiénica Vanilato de sodio e

Fenolatos de

baixa Mw Resina Amberlite IR120

H"+Na'V~- = Na* +VH (fortemente acida)

H*+Na*OH — Na*+ H,0

Troca-ionica

Fendlicos neutros

Vanilina
Available online at www.sciencedirect.com
N ; Separation
*.” ScienceDirect EPurification
Technology

ELSEVIER Separation and Purification Technology 55 (2007) 56-68 _—
www.elsevier.com/locate/seppur

Recovery of vanillin from Kraft lignin oxidation by
ion-exchange with neutralization

M. Zabkova, E.A. Borges da Silva, A.E. Rodrigues *

Laboratory of Separation and Reaction Engineering (LSRE), Department of Chemical Engineering,
Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal

Received 17 July 2006; received in revised form 27 October 2006; accepted 28 October 2006
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Separacao

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Separacao por adsorcao

Doutoramento em curso

Fractionation and purification of syringaldehyde and
vanillin from oxidation of lignin

Fenolicos
neutros

. 4

Vanilina e
Seringaldeido

Maria Inés Mota

Mestrado concluido 2015
Adsorption equilibrium and fixed-bed adsorption of
phenolic acids onto polymeric adsorbent

Silvia Barbosa

Ourense, 27 de-nevembro 2015




Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projecto BIIPP

Biorefinaria Integrada na Industria da Pasta e Papel ‘Q 1 ERE

10.3 14.7 19.0 233 27.7 32.0
CFTexrato Time: 195 min.
%WGAE/ Wextrato

Hdramidub: 8

pubs.acs.org/IECR

research

Industrial & Engineering Chemistry Research

Extraction of Polyphenolic Compounds from Eucalyptus globulus

Bark: Process Optimization and Screening for Biological Activity

Inés Mota,” Paula C. Rodrigues Pinto, ™" Catarina Novo,™ Gabriel Sousa,* Olinda Guerreiro,¥!

Angela R. Guerra,§'” Maria F. Duarte,§'H and Alirio E. Rodrigues'r

Ourense, 27-de-novémbro 2015



Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projecto BIIPP

Biorefinaria Integrada na Industria da Pasta e Papel ‘Q 1 ERE

Extrato 50/50 Etanol/Agua Base extrato seco
ST-7.9g/l &
\ GT-3.09IL CFT-38 /0
racio sdlido/liquido L Pac- 25g/L Pac-32%
I CT -1.2 g/L CT-16 %

Linha retentado

Contents lists available at ScienceDirect

Searation

Separation and Purification Technology ,ﬂ';::‘:‘:.,’.?;"
rl SEVIE ]{v journal homepage: www.elsevier.com/locate/seppur
Ultrafiltration of ethanol/water extract of Eucalyptus globulus bark: @mswm

Resistance and cake build up analysis

Eduarda A. Baptista, Paula C.R. Pinto*, Inés F. Mota, José M. Loureiro, Alirio E. Rodrigues

GE Infrastructure
Water & Process Technologies

Contents lists available at ScienceDirect

Separation
Separation and Purification Technology Fudon

=

= Teohnology

ELSEVIER journal homepage: www.elsevier.com/locate/seppur

Membrane performance and application of ultrafiltration @mswm
and nanofiltration to ethanol/water extract of Eucalyptus bark

Paula C.R. Pinto *, Inés F. Mota, José M. Loureiro, Alirio E. Rodrigues
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projecto BIIPP

mIGHE

Biorefinaria Integrada na Industria da Pasta e Papel

corrente etanolica
a em compostos

T ® it
§2 fenolicos \

(-} QL

o v O
g.: mla.:
= ro e
g E =0 c
29 5385
5(S e
o2
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Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal

Projecto BIIPP

Biorefinaria Integrada na Industria da Pasta e Papel @ LSRE
Extrato 50/50 Etanol/Agua ST- 791 Base extrato seco
n 3 CFT-38%
Separacio sdlido/liquido \\\ g;cr- i:g;t Pac- 32 %
CT-13g/L CT-16%

Linha retentada

=
!
: [= 2 Linha permeag,l Qﬁ
b= - ..., Permeado
— corrente etandlica
(H(U . . S ica em compostos
L ] fenolicos = m
-~ - v Nz 2 oo
S R g , a g, o
Caidelm Czs= extraids 'E Wl E :‘; ;
o o T C
= ' e
"',E - | Pac- 10.2 g/L =
E Cr-16g/fL
ST-5g/L
«—|CFT - 46 % | g
Pac - 53 % F’rﬂuﬁlﬁ:dn;ermde pF:;mead::fE )
0a nas jcom o5 noioos
CT - 16 % CET - 67 % simplesfoutros
Fragao com
CT- 24 % Pac- 55 % Composicio base secs
CFT - < 5% Iy Fraccdo o2 baka
LEgEIH_ia: _ CT-9% Produto| mzssz mokoulzr
ST - Sdlidos Totais Final CFT 33 %
OFT - Compostes fendlicos totzis ina Poc 14 91
Pac - Proantodanidinas O 20%
T - Carbohidratos totais

Ourense, 27-de-novémbro 2015



Publicacdes

©C.E. Costa, P.C.R. Pinto, A.E. Rodrigues Radar tool for lignin classification on the perspective of its valorization, Industrial &
Engineering Chemistry Research, 54 (31), 7580-7590, 2015

¢1.F Mota, P.C.R. Pinto, J.M. Loureiro, A.E. Rodrigues, Recovery of vanillin and syringaldehyde from lignin oxidation: a review of
separation and purification processes Separation & Purification Reviews, 2015, DOI: 10.1080/15422119.2015.1070178

©P.C.R. Pinto, C.F. Oliveira, C.A. Costa, A. Gaspar, T. Faria, J. Ataide, A.E. Rodrigues, Kraft delignification of energy crops in view of
pulp production and lignin valorization, Industrial Crops and Products, 71, 153-162, 2015

©E.A. Baptista, P.C.R. Pinto, I.F. Mota, J.M. Loureiro, A.E. Rodrigues,Ultrafiltration of ethanol/water extract of Eucalyptus globulus
bark: Resistance and cake build up analysis, Separation and Purification Technology J., 144 (15) 256-266, 2015

¢ P.C.R Pinto, M.I.F. Mota, J.M. Loureiro, A.E. Rodrigues, Membrane performance and application of ultrafiltration and nanofiltration to
ethanol/water extract of Eucalyptus bark, Separation and Purification Technology J., 132(20), 234-243, 2014

¢ P.C.R. Pinto, C.E. Costa, A.E. Rodrigues, Evaluation of chemical processing impact on E. globulus wood lignin and comparison with
bark lignin, Ind.Crops&Products, 61, 479-491, 2014

©P.C.R. Pinto, C.E. Costa, A.E. Rodrigues, Oxidation of lignin from Eucalyptus globulus pulping liquors to produce syringaldehyde and
vanillin, Ind.&Eng.Chem.Res., 52(12), 4421-4428, 2013.

©P.C.R Pinto, E.A. Borges da Silva, E.A. Rodrigues, Lignin as Source of Fine Chemicals: Vanillin and Syringaldehyde, In Biomass
Conversion: The Interface of Biotechnology, Chemistry and Materials Science, C. Baskar, S. Baskar, R.S. Dhillon (Editors), Publisher:
Springer Berlin Heidelberg, p. 381-420, May 2012,

¢ P.C.R. Pinto, E.A. Borges, A.E. Rodrigues, Insights into Oxidative Conversion of Lignhin to High-Added-Value Phenolic Aldehydes,
Ind.&Eng.Chem.Res., 50(2), 741-748, 2011.

© LsRE T

Ourense, 27 de novembro 2015



Publicacdes

¢  P.C.R. Pinto, E.A. Borges, A.E. Rodrigues, Comparative Study of Solid-Phase Extraction and Liquid-Liquid Extraction for the
Reliable Quantification of High Value Added Compounds from Oxidation Processes of Wood-Derived Lignin, Ind.&Eng.Chem.Res.,
49(23), 12311-12318, 2010.

¢  J.D.P. Araujo, C. A. Grande, A. E. Rodrigues, Vanillin production from lignin oxidation in a batch reactor, Chem. Eng. Res. Des., 88
(8), 1024-1032, 2010.

¢  E. Borges da Silva, M. Zabkova, D. Araujo, C. Cateto, F. Barreiro, N. Belgacem and A.E. Rodrigues, An integrated process to
produce vanillin and lignin-based polyurethanes from Kraft lignin, Chem. Eng. Res. Des. 87, 1276-1292, 2009.

¢  J.D.P. Aradjo, C. A. Grande and A.E.Rodrigues, Structured Packed Bubble Column Reactor for continuous production of vanillin
from kraft lignin oxidation, Catalysis Today , 147S, $330-S335, 2009.

©  C.A. Cateto, M.F. Barreiro, A.E. Rodrigues, Optimization study of lignin oxypropylation in view of the preparation of polyurethane
rigid foams, Ind.&Eng.Chem.Res., 48, 2583-2589, 2009.

©  C.A. Cateto, M.F. Barreiro, A.E. Rodrigues, Monitoring of lignin-based polyurethane synthesis by FTIR-ATR, Industrial Crops and
Products, 27, 168-174, 2008.

© M. Zabkova, E. Borges da Silva and A. E. Rodrigues, Recovery of vanillin from lignin/vanillin mixture by using tubular ceramic
ultrafiltration membranes”, J. Membrane Science, 301, 221-237, 2007.

© M. Zabkova, E. Borges da Silva and A.E. Rodrigues, Recovery of vanillin from Kraft lignin oxidation by ion-exchange with
neutralization, Separation and Purification Technology 55(1) 56-68 (2007) .

©  P. Sridhar, J.D. Araujo, A.E. Rodrigues, Modeling of vanillin production in a structured bubble column reactor, Catalysis Today
105(3-4) 574-581, 2005.

bb) LSRE ©Lsre| £

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Ourense, 27 de novembro 2015



Publicacdes

©  C. Fargues, A. Mathias, A. Silva and A.E.Rodrigues, Kinetics of Vanilin Oxidation, Chem. Eng. & Technol., 19,127-136 (1996).

©  C. Fargues, A. Mathias and A.E.Rodrigues, Kinetics of Vanillin Production from Kafft Lignin Oxidation, Ind. Eng. Chem. Res., 35,
28-36 (1996).

©  A.L. Mathias, M.Il. Lopretti and A.E. Rodrigues, Chemical and Bioligical Oxidation of Pinus Pinaster Lignin for the Production of
Vanillin, J. Chem. Tech. Biotechnol., 64, 225-234 (1995).

©  A.L. Mathias and A.E. Rodrigues, Production of Vanillin by Oxidation of Pine Kraft Lignins with Oxygen, Holzforschung, 49, 273-
278 (1995).

@ LERE €9LSHE 2

Ourense, 27 de novembro 2015



Processo integrado de valorizacéo de lenhina e polifendis de biomassa florestal
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