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Abstract

In this paper we present an overview of the main strategieptgsicochemical fractionatn, sulphur- and chlorine-free
delignification, and intelligent characterisation of various types of plant fibres, which have been experimentally investigated,
as well as further developed and assessed by this group over the last teTgedtesthis article: E. Avgerinos et al., C. R.
Biologies 327 (2004).

0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
Résumé

Développement de stratégies moléculaires pour le fractionnement, la délignification et la caractérisation des fibres veé-
gétales.Nous survolons dans cet article les principales stratégies de fractionnement physico-chimique, de délignification sans
soufre ni chlore et de caractérisation «intelligente » de différents types de fibres végétales qui ont été explorées expérimentale
ment, puis développées et évaluées par notre groupe au cours des dix dernierePannéger cet article: E. Avgerinos et
al., C. R. Biologies 327 (2004).

0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

1. Introduction and background very beginning of its lifef1]. Since their conception,
these R&D efforts have been based on the idea of in-
Industrial utilisation of plant fibres has always been tegrated utilisation of plant biomassig. 1), which is
a major item on this group’s research agenda, since theat the heart of the group’s mandate. They have gradu-
ally evolved around a small number of largely interre-
- lated ideas: (a) physicochemical fractionation of main
_ o This_ artic_le is dedicated to Prof. Bernard Monties on the occa- macromolecular components (cellulose, hemicellulose
sion of his retirement. N . . . .
* Corresponding author. and lignin), while preserving (or upgrading) fibre qual-
E-mail address: eavger@mail.ntua.gE. Avgerinos). ities; (b) development of sulphur- and chlorine-free
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Fig. 1. The idea of integrated utilisation of plant biomass.

delignification processes adapted to the characteris-strate for biotechnological applicatioffy. This initial

tics of each plant, mainly based on the oxygen and scheme has been the source of several novel R&D
organosolv concepts; and (c) formulation of analyti- lines focusing on various leleof the central concept,
cal protocols and, where necessary, novel ‘intelligent’ such as, e.g., the development of a prehydrolysis—
ones with the aim to support industrial applications organosolv scheme for the optimal fractionation of the
with relevant information at the molecular level. three major fibre cell wall componeri.

In this context, a number of wood fibres and, es- Building upon the data obtained from this work, a
pecially, many annual fibrous feedstocks have been non-empirical mathematical model that adequately de-
investigated, including agricultural and agro-industrial scribes the kinetics of the fractionation process was
residues — e.g., wheat, barley, and rice straws, corndesigned and developed for process optimisation and
stover and cobs, cotton, tobacco, grape and rape stalkslesign purposegl]. This model is based on the well-

— as well as potential dedicated industrial/fibrous established idea of a sequence of reaction steps obey-
plants, e.g., sorghum (fibre and ‘sweet’ varieties), mis- ing (pseudo) first-order kinetics. We have applied the
canthus, arundo donax, okra. A few selected signifi- methodological approach based on the distinction of
cant achievements of this research are presented in thdractionation stages and reaction phases (heteroge-
following. neous system), and the use of modified Arrhenius-
type kinetic equationsHig. 2 shows an application to
corn cobs). A very important concept of this model
2. Results and discussion is the ratio(D) of the resistant fraction to the eas-
ily hydrolysed one of each macromolecular cell-wall

Historically, the cornerstone of this group’s achieve- component, as uronic acid and other types of linkages
ments in this field has been the development of appeared to be quite stable under the process condi-
a prehydrolysis — chemical pulping process, espe- tions used. In such reaction systems, the heat and mass
cially for annual fibres, making possible the co- transfer effects were found to be statistically insignif-
production of printing-paper grade straw pulp along icant. The results show a high statistical correlation
with fermentable monosaccharides appropriate as sub-of the proposed model to the experimental data, with
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Strueture of the Kinetic Model
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Fig. 2. A non-empirical mathematical model that adedyadescribes the kineticsf éhe fractionation process.
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Fig. 3. PLS model of the predicted versus measured values for tlettess (B/R475) of the bleached and alkali-catalysed organosolv wheat

straw samplesk = 0.95 for the second PC.

a correlation coefficient usually higher than 0.85; an-
other important feature of this model is the potential
use of the same kinetic formulas to quantitatively de-
scribe the fractionation of any type of plant fibre feed-
stock.

In another line of its research, this group has
worked on the development of a new analytical con-
cept (AFFLUENCE) for fibre and fibrous products
characterisation, combinjrfluorescence spectroscopy
[5] with chemometrics. Tlsi concept consists in the
multivariate analysis of fluorescence spectral and
chemical data of lignocellulosic fibrous materials and
their production and treatment procesggg]. In par-

binations of the raw data. Three examples from the
application of this analytical approach at various lev-
els are presented here.

Fig. 3 shows the application of the AFFLUENCE
approach for the study of annual fibres (in this case
wheat straw; also sweet and fibre sorghum stalks were
used) pulped with aqueous ethanol solution under
acid- or alkali-catalysedmnditions, and bleached with
hydrogen peroxide aqueous solutions in an alkali en-
vironment during various processing timgy. The
results from the study of these examples have indi-
cated that the fluorescence emission spectra of solid
paper pulps and their black liquors could provide vi-

ticular, fluorescence spectral data are correlated with tal information about the origin of the pulp sample
physical and chemical properties through partial least and the kind of chemical treatment applied. The latter
squares models (PLS), whereas principal-componentwas also concluded from the second example, i.e., the

analysis (PCA) is employed as a multivariate method
aiming at determining the main variation in a mul-
tidimensional data set bgreating new linear com-

application of AFFLUENCE on residual Kraft lignin
bleaching by various methodsi¢. 4), that is, one can
distinguish the bleachinghemistry employed from
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Fig. 4. PCA score plot of fluorescence spectra of RKL samples subjecteghtments with varying charges dilorine dioxide (D), dimethyl-
dioxirane (AO), alkaline hydrogeperoxide (H), and oxygen (O).

S TcTo e Te e To o Ie BXE 1o N

TEMTITIH

=2

IDYAIOY 1931

17 &
A A e ran~

L
1 Predicted Y
0 Elements 20
Slope 0471097
Offset 2231393
Correlation:  0.935664
120 RmsEP:  7.865858
SEP B.041713
Bias -0 660318
100+
804 .
* 4y 55// .
L
40 T T
Measured ¥
60 70 B0 40 100 10 120 130 140

RESULT4, (Y-var, PC). (Year,T)

Fig. 5. PLS model of the predicted versus measured values for the age of the samples.



932 E. Avgerinos et al. / C. R. Biologies 327 (2004) 927-933

CELL WALL PROCESSING
&
USE CHAIN

species
Serecton

ANNUAL PLANT

biosynthesis

PRETREATMENT & fibre upgrading

FRACTIONATION

byproduct recovery

largeting to use

PULPING &
A
BLEACHING “green” chemistry
% & %

POST-TREATMENT quality vs. cost

TAKING CELL-WALL ACTION

A

]
]
1
]
1
]
]
1
]
1
]
]
]
]
1
]
]
I
Uy
0;:[111115111g technology
]
]
]
]
]
1
1
1
]
1
1
]
]
1
I
I
1

CELL WALL INFORMATION COLLECTION

FIBROUS degradation control
% PRODUCT < 5
LIFE 1 preservation
i
]
T i . |

TELLIGENT CELL WALL ~
CHARACTERISATION
& ASSESSMENT
(Protocols, Methods)

Fig. 6. A strategic view at the annual plant fibre system, basestrantural/functional information at the molecular level.

the fluorescence spectra of the bleached saniples The last example concerns the application of AF-
10]. So these two examples show the utilization of the FLUENCE to the study of old paper. Our research
AFFLUENCE approach to optimise a pulping, bleach- findings include the existence of good correlation be-
ing or fractionation process as the on-line use could tween the fluorescence data and the chemical and
give important information and data for the control of physical data (Kappa No., brightness, cellulose, hemi-
critical control points of the process. cellulose and lignin contents) of the pulps through PLS
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models. We also studied the evaluation of phenom- [2] E.G. Koukios, G.N. Valkanas, Process for chemical separation
ena related to paper ageing, using samples of natu- of the three main components of lignocellulosic biomass, Ind.
rally ageing paper from various Greek archives (see  ENg- Chem. Prod. Res. Dev. 21 (1982) 309-314.
the paper age-spectral data correlatiofFig. 5). The [3] M.G. Papatheofanous, D.P. Koullas, E.G. Koukios, H. Fugl-
: . e sang, J.R. Schade, B. LoefkyidBiorefining of agricultural
results Obtame@l]‘] (unpUb“Shed data) have Ve”ﬂed_ crops and residues: effect of pilplant fractionation on fibrous
the power of the use of fluorescence spectrometry in fraction properties, Biomass Bioenergy 8 (6) (1995) 419-426.
conjunction to chemometrics to provide valuable in-  [4] D. Sidiras, E.G. Koukios, Simulation of acid catalysed organo-
formation on ageing and storing of these paper materi-  solv fractionation of wheat straw, Bioresour. Technol. (in
als, including the use of multivariate models to derive press).

useful chemical informatin. e g., on paper alkalinity [5] L. Munck, Practical experiences in the development of fluo-
and ash ' ' rescence analyses in an applied food research laboratory, in:

L. Munck (Ed.), Fluorescence Analysis in Foods, Longman
Scientific & Technical, London, UK, 1989, pp. 1-32.

3. A strategic view [6] E. Billa, E.G. Koukios, A new, fluorescence-based, multivari-
ate chemometrics approach for the characterization of lignocel-

Fio. 6 . the stratedic vi fthi , lulosics, in: Proc. 9th Int. Symp. on Wood and Pulping Chem-
I9. osummarises the stratégic view or this group's istry, Montreal, Canada, 9-12 June 1997, pp. 1-4, T1.

pIa_nt fibre research. .In order to optimise technical 7] £ gilla, E. Koutsoula, E. Koukios, Fluorescence analysis of

action at the appropriate molecular and process lev- paper pulps, Bioresour. Technol. 67 (1999) 25-33.

els, one needs three types of strategic tools, i.e., [8] M.G. Papatheophanous, E. Billa, D.P. Koullas, B. Monties,

(i) novel technical solutions, e.g., appropriate fraction- E.G. Koukios, Two-stage acid-catalyzed fractionation of lig-

ation pulping or tfbaching techniquesiiI adequate nocellulosic biomass in aqueous ethanol systems at low tem-
' L . .. peratures, Bioresour. Technol. 54 (1995) 305-310.

process models permitting a satisfactory quantitative

. f th hnical . N ) d [9] E. Billa, D. Argyropoulos, E.G. Koukios, CorrelatinélP
representation of the technical action of concern; an NMR and fluorescence data of residual kraft lignins by mul-

(iii) intelligent characteziation methods for the imag- tivariate chemometric analysis, in: 5th European Workshop on
ing and integrated assessment of feedstocks, processes Lignocellulosics and Pulp, Aveiro, Portugal, 30 August—2 Sep-
and products. tember 1998.

[10] E. Billa, D. Argyropoulos, E.G. Koukios, Recent advances in
residual kraft lignins chacterization combining®lP NMR
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