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BIOREFINERY

* Structure that integrates processes for the production
of fuels and chemical products from biomass

* Polymers, plastics, ethanol, biogas, other fuels, others.

* Similar concept to oil refineries

* But using renewable resources
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PROCESS
DEVELOPMENT AND
OPTIMIZATION

Soda
Hydrothermal
Solvents
Supercritical fluids

Microemulsions

BIOMATERIALS

Composite materials
Microfibrilated Cellulose (CMF)
Nanofibrilated Cellulose (CNF)
Phenol-formaldehide resins

Bioplastics (biopolilactic acid, biopoliethilene)

BIOPRODUCTS

Xilitol
Vanillin
Levulinic acid

Lactic acid

- Bioethanol -
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MINCY T-CONICET-CAPES (2015-2016)

* High-value by-products from the biorefinery of agro-
and forest-industrial waste

* Instituto de Materiales de Misiones, Argentina

IESTE

Universidade de

* |nstituto de Quimica de Sao Carlos, Universidade de Sao Paulo Q

Instituto de Quimica

de 530 Carlos Sao Pauo




Hydrothermal treatment and organosolv pulping of =

softwood assisted by carbon dioxide
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Imlauer Vedoya, C,, Vallejos, M.E., Area, M.C., Felissia, F.E., Raffaeli N., da Silva Curvelo A.A., Hydrothermal treatment and

organosolv pulping of softwood assisted by carbon dioxide. Ind. “E‘:rops Prod. Under review.
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MINCYT-BMBF (2016-2018)

Added Value for Lignocellulosic based Waste Material -
Application in Polymers for Coatings,Adhesives and
Bioplastics

* IMAM Misiones, Argentina

* Fraunhofer Institut for Wood Research, WKI, Germany Z |:l'4'=“-l"hfiﬂ:ﬁ}:’I
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Use of carboxylic acid mixtures derived from
biomass treatment for lactic acid based polyols

g S ——&.5h

3 EfE We produced a polymer of LAC
;! el from pine sawdust, which could
Ez be used as wood adhesive or as
" intermediates for coating resins.

1000 10000
Molecular weght fgmeod]

Figure 2. Molar mass distribution through time production (in
the presence of OXA and 1,3 propanediol)

Dommguez J.M., Felissia, FE., Vallgjos, M E Area, M. t\ Schirp, C., Use of carboxylic acid mixtures derived from biomass

treatment for lactic aC|d based polyols. Aceptado XII[ Simposio Argentino de Polimeros. Buenos Aires, 8-10 octubre, 2019.
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Figure 1. Chemical estructure of convencional polyols.

Vallejos, M.E., Area, M.C., Schirp, C., Xylitol in coatmg resins. Aceptado. Xl Simposio Argentino de Polimeros.
Buenos Aires, 8 10 octubre, 2019.
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 ValBio 3D -Valorization of residual biomass for

advanced 3D materials .
* Instituto de Materiales de Misiones, Argentina
* VTT Ltd,, Finland Z Fraunhofer
* Fraunhofer Institute for Wood Research, Germany e
* Peruvian Life Cycle Network (PLCN), Peru \%—g PUCP
* RISE PFl, Norway
* University of la Frontera (UFRO), Chile PART OF RISE

* Santa Ana Biorefinery, Argentina
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WP6: Environmental life-cycle assessment
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Lignocellulosics as sustainable resources for production
of bioplastics — A review
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Fig. 3. The main production routes to forest-based bioplastics.

Brodin, M., Vallejos, M., Tanase, M., Area, M.C., Chinga-Carrasco, G., Lignocellulosics as sustainable resources for production of bioplastics —

A review. Journal of Cleaner Production, 162, 20, 2017, 646—664. ISSN: 0959-6526. https://doi.org/10.1016/j.jclepro.2017.05.209
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Review: bio-polyethylene from wood wastes
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Mendieta, C., Vallejos, M.E., Felissia, F.E., Chinga-Carrasco, G., Area, M.C. Review: Bio-polyethylene from wood wastes. Journal of

Polymers and the Environment. Minor. corrections required.
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VALBIO3D Meetings

December 2019,
Brunswik, Germany

Espoo, Finland, September 2018 ~ Puerto Iguazu,Argentina, March 2019
s : / iy W_f 1 d L &
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PICT RAICES (2017-2019)

Composite materials of cellulose regenerated with cellulose
nanofibers

* IMAM Misiones, Argentina n u

AUBURN
* Auburn University, USA UNITVERSITY

* ITC,UNL, Santa Fe,Argentina
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Dissolving pulp from eucalyptus sawdust and Its
application in cellulosic beads and films

Eucalyptus sp. - Dissolving
sawdust
| pulp
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Olmos, G.V., Taleb, M.C., Felissia, F.E., Ehman, N.V., Peresin, M.S., Area, M.C., Vallejos, M.E., Maximino, M.G., Dissolving
pulp from eucalyptus sawdust and its application in cellulosic beads and films. 51° Congresso Internacional de Celulose e

Papel - X Congresso Iberoamericano de Pesquisa em Celulog‘e e Papel, Sado Paulo de 23 a 25 outubro de 2018.
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Effects of one-step alkaline and two-step alkaline/dilute acid

and alkaline/steam explosion pretreatments on the structure
of Isolated pine lignin

® |nstituto de Materiales de Misiones, Argentina

9 THE UNIVERSITY OF

il TENNESSEE

KNOXVILLE

Fulbright scholarship

= University of Tennessee, USA

reeg

Pine Sawdust

|

Alkaline Pretreatment
(90 °C, 1 hr, 5 wt% NaOH)

. l 5 oH MO O~ A () }t‘o;é J‘I] Y - n‘)e' HO. D . A
G
Dilute Acid Steam Explosion - S S ocr
(150 °C, 30 min, 7.5 wt% (200 °C, 5 min, 3 wt%
H,50,) H,S0,) o 4y 5
T il Z f Ll 4 | Arormatzaton
IFig. 1. Description of pretreatment methods used in this study. [ . S e oy, | Rl

Repolymerization of lignin subunits

Scheme 3. Plausible mechanistic pathway for the repolymerization of cellulolytic enzyme lignin from two-step pretreatment of pine sawdust.

Das, P., Stoffel, R.B., Area, M.C., Ragauskas, A.J., Effects of One-Step Alkaline and Two-step Alkaline/Dilute Acid and Alkaline/Steam

Explosion Pretreatments on the Structure of Isolated Pine Lignin. Biq‘fr;nass & Bioenergy, 120, 350-358, 2019. ISSN: 0961-9534.
|
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Optimization of sequential alkaline-acid fractionation of
pine sawdust for a biorefinery

* Instituto de Materiales de Misiones, Argentina 0 NP
Instiutode Quimca | UNiVersidade de
de S50 Carlos Sao Paulo
* Instituto de Quimica de Sao Carlos, Universidade de Sao Paulo ‘
@R UNIVERSIDAD
* Universidad Nacional de La Plata ‘
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Fig. 2. Response surface for extractives removal (temperature and NaOH concen- imization of sugars extracted from hemicelluloses (temperature, time and H,S0,
tration are as codified variable). concentration are as codified variable).

Stoffel, R.B., Felissia, FE., Silva Curvelo,A.A., Gassa L.M., Area, M.C. (2014) Optimization of sequential alkaline-acid fractionation of pine

sawdust for a biorefinery. Industrial Crops and Products. 61, I60—{|h.68.
|
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Hemicellulose extraction from pine sawdust by
steam explosion with sulfuric acid

100 g
AnGle: 39.4
o AIL: 30.1

AnMan: 10.6 OAc: 1.8
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® |nstituto de Materiales de Misiones, Argentina
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UNIVERSIDAD
NACIONAL
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Stoffel, R.B., Felissia, FE;, Pereira Ramos, L., Gassa L.M.,Area, M.C. Hemicellulose extraction from pine sawdust by steam explosion with sulfuric acid.

Biomass & Bioenergy, 107,93—-101,2017.
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Fractionation of pinus radiata wood by combination of steam
explosion and organosolv delignification

® |nstituto de Materiales de Misiones, Argentina

. 1’ [NIA
» INIA’ Mad r'|d Instists Macicnal de Investigacion

¥ Tecnologla Agraria ¥ Allmentania
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Imlauer-Vedoya, C.,Vergara-Alarcon, P, Area, M.C., Revilla, E., Felissia, FE.,Villar, ].C., Fractionation of pinus radiata wood by combination of steam

explosion and organosolv delignification. Maderas. Ciencia y Tecnologia, 2I (3) 2019. ISSN 0717-3644.
Lyf
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Physical and chemical characteristics of pretreated slash Bine
sawdust influence its enzymatic hydrolysis

= |nstituto de Materiales de Misiones, Argentina

U C
= Universidade de Coimbra
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Kruyeniski, J., Ferreira, P, Carvalho, M.G.V.S., Vallejos, M.E., Felissia, FE., Area, M.C., Physical and chemical characteristics of pretreated slash pine sawdust

influence its enzymatic hydrolysis. Industrial Crops and Products, 528-536, 20I!9._;ISSN:O926-6690. https://doi.org/10.1016/j.indcrop.2018.12.075.



Nanofibrillated cellulose (CNF) from eucalyptus sawdust as a dry

strength agent of unrefined eucalyptus handsheets

EUCALYPTUS SAWDUST

. . o o . 4 F
* Residul ' = |nstituto de Materiales de Misiones, Argentinazmu - i 4@
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|
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Cellulosic pulp t—p

Fig. 1. Schematic process used to obtain nanofibrillated cellulose from eucalyptus sawdust applying the biorefinery concept.

Vallejos, M.E., Felissia, FE., Area, M.C., Ehman, N.V, Tarrés, Q., Mutjé, P, Nanofibrillated cellulose (CNF) from eucalyptus sawdust as a dry

strength agent of unrefined eucalyptus handsheets. Carbohydrate Po{l‘}gmers 139 (2016) 99—105.
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From pine sawdust to cellulose nanofibers

= |nstituto de Materiales de Misiones, Argentina ﬁaa;: E

Laboratori
d’Enginyeria Paperera

® | EPAMAP Universitat de Girona aterials poliners

Pine Sawdust

Pulp Treatment

Delignification treatments

98.9% 100.2% 104.8%
4500 17 e -

Mechanical treatment

® 3% of CNF
W BHKP

NF 500 +

Figure 1: Scheme of CNF production ' ' '
CNF-1 CNF-2 CNF-3
Type of CNF

Ehman, N.V, Tarrés, Q., Delgado-Aguilar, M.,Vallejos, M.E., Felissia, FEE.; Area, M.C., Mutjé, P. (2016). From pine sawdust to cellulose

nanofibers. Cellulose Chemistry and Technology. 50 (3-4) 361-367 . :‘,;'
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Techno-economic assessment of carboxylic acids, furfural,
and pellets production in a pine sawdust biorefinery

Pine sawdust biorefinery

PINE SAWDUST
___ Steam to processey
PR I '
: o
' Residual cllets
Hemicelluloses i sawdust
(hexoses and pentoses)|
‘ Csy Cs 5
‘ CONVERSION ;
Levulinic acid Formic acid Acetic acid Furfural

Opcrations - Process Analysis | Heat integration Economical evaluation
Internal rate of return (IRR)
Energy balance Profitability

H Investments

E Mass balance Pinch analysis
1

Figure 1. Techno-economic assessment for the proposed biorefinery of pine
sawdust.
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|
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Figure 2. Simplified block flow diagram of the processes for different alternatives

(LA: levulinic acid; FA: formic acid).

; | Washing

! Evaporation
) Acid-Catalyzed
i Dehydration
1 2 ¥
| Extractor H o
recovery

Distillation

Alternative 1:
Use of 100% of residual
solid for pellet production

Pellet

® Universidad de la Republica

® |nstituto de Materiales de Misiones, Argentina

UNIVERSIDAD
DE LA REPUBLICA
URUGUAY

The best alternative for
the valorization of pine
sawdust obtained an IRR
of about 17%.

Clauser, N. M.; Gutiérrez, S., Area, M.C., Felissia, F.E., Vallejos, M.E., Techno-economic assessment of carboxylic acids, furfural,

and pellets production in a pine sawdust biorefinery. Biofuels, Bioproducts & Biorefining. 12 (6) 997-1012. 2018. ISSN: 1932-1031.
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Relationship between the characteristics of
microfibrillated cellulose (MFC), pulps, and raw materials

* Instituto de Materiales de Misiones (IMAM),Argentina

* Laboratorio de Productos Forestales, Universidad de Concepcion, Chile
l Energy

MECHANICAL

FIBRILLATION

Refining
Homogenization
Microfluidization

Microgrinding
Cryocrushing L.

Cellulosic fibers

Wi Q00 v g Ity GRS YO0 wBen

Gonzalez, R.G.,Aguerre,Y.S.;Pereira, M., Vallejos, M.E,, Felissia, F.E.,Area, M.C., f elationship between the characteristics of microfibrillated cellulose (MFC),

pulps, and raw materials. 2™ International Workshop on Biorefinery of Lignocellulosic Materials (IWBLCM2019), Cérdoba, Spain, 4®- 7 June, 2019
7 4 : T | J . 1 _
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INSTITUTO DE MATERIALES DE MISIONES
UNAM-CONICET

* IMAM: 71 people In three Iocatlons (Posadas Obera, and Eldorado) 29
researchers, 27 graduate students, 5 support professionals, 1 administrative

« Pulp and Paper Program (18): 6 researchers, 4 postdoctoral fellows, 6 doctoral
students, 4 undergraduate student, 1 administrative




ET U
M A‘ M
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LABORATORY OF CHEMICAL ANALYSIS
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LABORATORY OF NANOTECHNOLOGY
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LABORATORY OF PULP PREPARATION




LABORATORY OF
PHYSICAL TESTING




PPPPPP ! M A M

PROCYP

* Research: Biorefinery, Fibrous raw materials, Clean technologies of
pulping and bleaching,Wood chemistry, VWWood-plastic composites, Paper
Recycling.

* Teaching: doctoral courses, a Master degree in Sciences and Technology
of Fibrous Materials, Pulp and Paper courses in Chemical Engineering and
a Technical degree in pulp and paper, online courses for the industry.




Project Team

Researchers

Director Dr Fernando Dr Evangelina MSc Dora
PhD Maria C.Area Felissia Vallejos Bengoechea
Postdoctoral
fellows i :
Laura Julia Nanci Nicolas
Covinich Kruyeniski Ehman Clauser

Doctoral
students .
Rocio Carolina Giselle Juan
Cardozo Mendieta Gonzailez Dominguez
Undergraduate
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Students
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PROCYP Director:
* PhD Maria Cristina Area
Adress:
* Felix de Azara 1552 - 3300 — Posadas -
Misiones - Argentina
Te/Fax:
* +54-376-4422198
Email:
* cristinaarea@gmail.com
* m_c_area@fceqyn.unam.edu.ar

http://www.imam-conicet.gob.ar/

http://procyp.unam.edu.ar/
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