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1. Research 

1.1 Scientific Objectives 

This project is aimed at development and optimization of the environmentally-friendly processes of 
production and modification of cellulosic fibres extracted from wood and annuals, among them flax, 
hemp, kenaf, etc; at development of new methods of cellulose modification and production of 
unconventional composite materials, among them polyolefin-cellulose papers and cardboards. 

1.2 Research Activities 

According to the Work Program the kinetics and molecular mechanisms of free-radical reactions have 
been studied in the processes of production and modification of wood and its components related to 
the structural and structure-dynamic peculiarities of a polymeric matrix. When producing cellulose 
from wood and annual plants it is necessary to arrange the chemical delignification in such a way that 
the reaction of decomposition of a cross-linked lignin macromolecule is intensified and the reaction of 
cellulose destruction is suppressed. The process of lignin and cellulose destruction is both based on 
splitting of C-0 bonds in their macromolecules. Tools to monitor the effects of specific chemical and 
physical treatments on the lignocellulosic biopolymer complex are being developed. 

1.2.1 Free radical formation 

In order to estimate the reactivity of a lignocellulose complex (under delignification conditions), the 
difference in stability of the C-0 bonds in lignin, linking phenylpropane-containing units, and in 
cellulose linking saturated glucopyranose rings is important. The dependence of thermodynamic 
parameters of the different chemical bonds in lignin and cellulose on the degree of electron 
derealization in the reaction centre is examined. Thermodynamical calculations have shown that the 
selectivity of the rupture of a (3-ether bonds is explained by a sharp decrease in the energy of the C-O-
C bond (up to 40 kcal/mol) at the expense of the stabilisation energy of free-radicals formed 
(délocalisation of electron density over the aromatic nuclei). When studying the molecular 
mechanisms of energy migration between wood components affected by ionising radiation, it has been 
established that the radiation energy is transferred from the molecular fragments of cellulose to the 
aromatic structures of lignin that possess lower energy of electron excitation. 

During processing and modification of plant polymers, the role and mechanism of electron transfer, 
typical of many catalytic and biocatalytic reactions, is studied. The stage of electron "stripping" from 
the reduced form of an active centre and its tunnel transfer (to the distance ~ 15-20 A) to the 
diffusionally unapproachable reactive structural fragment of the lignin globule is analyzed. The 
selectivity and the rate of electron transfer depend on the damping parameter of an electron wave 
function under the potential barrier and on the resonance defect of electron-vibrational levels. 

Multifrequency 3cm and 2mm band ESR is used for investigation of active free-radicals and radical-
ion centres (HO-, O-, 02-, 03-, H03-, H03 and others) forming in reaction media that play an 
important role in processing and modification of plant fibres. Their conversions and their role in the 
chain processes of graft polymerization, modification and in the destruction of a lignocellulose 
complex are studied. Some new approaches to the mechanisms of oxidation-alkaline and oxidation-
solvolysis processes are considered. 
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1.2.2 Modelling of deliginification kinetics 
Heterogeneity of the chemical structure, morphological and hypomolecular structure of wood 
accounts for kinetic heterogeneity of diffusion and reactivity with a wide range of kinetic constants. It 
is shown that unconventional approaches of polychronous kinetics allow us to describe adequately the 
kinetics of delignification, as well as the presence of residual lignin and the brightness of cellulose in 
pulping and bleaching. Integral methods of analytical and computerised solution of the reciprocal 
kinetic task have been developed, with an algorithm of finding the spectrum of kinetic parameters and 
their integral functions of distribution against activation energies and preexponential factors. 
Experimental data have been analysed on various methods of pinewood pulping (soda, soda-
anthraquinone, sulphate, etc.) and on peroxide bleaching of sulphate cellulose. It is shown that, in 
accordance with the results of the analytic solutions, the kinetic curves of lignin removal from wood, 
C(t), have a logarithmic character and are made linear in the C - lnt co-ordinates. The residual lignin 
and cellulose brightness are due to a very slow (as lnt) decrease of lignin concentration in time for 
pulping and bleaching at final stages of the process. It is ascribed to the presence of rigid iso-kinetic 
zones (micro-regions) with extremely low diffusion. The tolerance of the obtained solutions for the 
experimental errors is considered. 

1.2.3 Grafting ofpoly olefins 
To produce polyolefin-cellulose papers, cardboards and other composite materials, methods of 
chemical modification of fibre surfaces are developed making use of free-radical and catalytic grafting 
of monomers. To graft ethylene on cellulose, pulp and wood fibres, the catalytic system TiC14 + 
A1(C2H5)2C1 was used. Practically all catalyst has been shown to be bound with OH groups on the 
fibre surface. This ensured a constant rate of monomer consumption and a stable fixing of the grafted 
polymer on the surface. Thus boiling in O-xylene solvent at 144°C washed out only 2-15% of 
polyethylene homopolymer. The major portion of polyethylene (98-85%) was strongly fixed on the 
fibre surface, even in compositions containing up to 35-40% of polyethylene. The grafting rate was 
relatively high and reached 1500-1800 g PE/g Ti*h for cellulose and 200-500 g PE/g Ti*h for wood 
with no marked drop in the catalyst activity during grafting. The grafting of acryl monomers (methyl 
methacrylate, methyl acrylate, etc) on cellulose fibres was made by the free-radical mechanism using 
radiation-chemical initiation. Matrix formation of the grafted polymer fibres on the cellulose support 
was obtained. Physical modification of cellulose through introduction of surface-active amphiphylic 
substances, which are a connecting link between hydrophilic cellulose and hydrophobic polyolefin 
molecules, was produced. Finally, homogeneous kinetically stable cellulose-polyethylene suspension 
was obtained, from which the samples of paper-like composite material (the components ratio is ca 
1:1) were produced using a sheet-casting device. 

1.2.4 Pulping 
Under laboratory conditions modification of hard- and softwood was carried out. For hardwood, the 
organosolv pulping and chlorine-free bleaching gave cellulose in a yield of 58,5%, the content of 
residual lignin was 2,3% and brightness 82-83,5%; for soft wood, the cellulose yield was 51,5-52,0%, 
the content of residual lignin 5,5% and brightness 74-76%. The produced cellulose was a highly 
qualitative product. 

CR4 (Paper Res. Inst.) produced cellulose and woodpulp from various types of annuals: ambary 
(gramineous), hemp and flax, some kinds of cane. The radiation-chemical modification of wood and 
annual plant fibres was carried out in co-operation with CR3 (Inst. Chem. Phys.). Modified and 
unmodified fibres were processed to give pulp and cellulose. The processing of ambary and hemp 
gave pulp with high qualitative characteristics: brightness 66% for ambary, 62-64% for hemp and flax; 
tensile length 8000 m; fracture strength 1600 double bends; tearing strength 560 mH; crushing 
strength 350 kPa. The pulps produced by the alkaline-sulphite method from some kinds of cane had 
better physico-mechanical characteristics than those of cellulose produced from hardwood (tensile 
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length 7500 m; fracture strength 800 double bends; tearing strength 420 mH, crushing strength 240 
kPa). The produced pulps were used in composition of a broad assortment of papers and cardboards. 

1.2.5 Analytical procedures 
Methods for chemical and physical characterisation of lignocellulosic products have been developed 
by CRI (ATO-DLO) and CR2 (Univ. Lyon) and made operational for use in the project for the 
various materials (with or without chemical/physical modification). CR1 has been developing specific 
analytical protocols for determination of lignin characteristics and chemical composition (elemental 
analysis, carbohydrate and lignin contents by HPLC, molecular weight distribution, thermogravimetric 
analysis (TGA), functional group determination etc). CR2 has been focussing on the use of inverse-
gaschromatography (IGC) for measurement of the dispersive component of the surface energy and of 
the specific free energy of adsorption. 

The activities have been carried out so far according the planned schedules. No deviations from the 
Work Programme are expected. 

1.3 Scientific Results 

The specific feature of the reaction mechanisms occurring during wood and pulp processing are 
examined in connection with micro-heterogeneity of the bio-polymeric matrix. Thermodynamic 
calculations have shown that the selective cleavage of the ß-ether bond in the ligno-carbohydrate 
complex is attributed to a sharp decrease in the energy of the C-O-C bond rupture due to the 
stabilization energy of free-radical products (délocalisation of electron density over the aromatic 
nuclei). 
The role and mechanism of electron transfer in processing and modification of plant polymers 
indicates the possibility of the stage of electron "stripping" from the reduced form of an active 
centre and its tunnel transfer to the diffusionally unapproachable reactive structural fragments of a 
lignin globule. 
The multifrequency 3 cm and 2 mm band ESR methods were used to study active free-radical and 
ion-radical centres HO- , O- , 02-, 03-, H03-, H03 and others forming in reaction media and 
playing an important role in processing and modification of plant fibres. The algorithms of 
polychronous kinetics have been developed that allows to describe adequately the kinetics of 
delignification processes in the micro-heterogeneous matrix of wood during pulping and 
bleaching and to create a computorised kinetic model of these processes. 
The method of radiation-chemical modification of lignocellulosics has been developed. The wood 
pulp and cellulose produced from the modified material have very high qualitative characteristics. 
The studied thermodynamic features of free-radical destruction mechanisms in the lignocellulose 
complex are of fundamental interest for chemistry of natural compounds, extending our notions of 
the reactivity of lignocellulosic components during delignification and modification of plant 
fibres, allowing development and optimization of new ecologically friendly processes. Rational 
design of chemical processing of lignocellulosics to obtain materials with desired properties, will 
be within reach. 
Analytical tools for examination of various samples of lignin, cellulose and derivatives are 
available for testing of samples produced. 
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2. Management 

2.1 Meetings and visits 

East-^ East v isits. 
1. Co-ordination visit. 
Place: Ukraine Research Paper Institute, Kiev. 
Date: October 21-23, 1997. 
Visitor; L.D. Kaplun. 
Aim: To develop joint programmes of research work. 

2. Exchange visits of scientists. 
Place: Inst, of Chem. Phys., Chernogolovka, Moscow Region. 
Date: June 22 - 24, 1998. 
Visitor: Dr. L. Galov. 
Aim: To discuss the preliminary results of research work; to plan the following investigation of the 
project. To work through the regimes of modification for plant polymers, among them annuals. 

West-^East visits 
3. Project meeting, Co-ordination visit and congress preparation. 
Place: Inst, of Chem. Phys., Chernogolovka, Moscow Region. 
Date: May 20 - 24, 1998. 
Visitors: Dr. J.E.G. van Dam, Dr R. Gauthier. 
Aim: Co-ordination meeting of the project team, discussion of research activities and planning of 
congress participation and further co-operation, exchange of samples and discussion on organisational 
difficulties. Followed by participation (Dr Gauthier, Prof. Mikhailov ) in the XVI Mendeleev 
Congress of Pure and Applied Chemistry, St.-Petersbourg, Russia, May 25-29, 1998. 
East-^West visits 

4. Participation in scientific Congress 
Place: Aveiro, Portugal, 
Date: August 30- September 2, 1998 
Visitors: Prof. Dr. A.I. Mikhailov, Dr. I.A. Shilova 
Aim: Fifth European Workshop on Lignocellulosics and Pulp 

Visits Number of scientists Number of person day 
West ••East 2 10 
East 4 West 2 10 
West West - -

East 4 East 2 6 

2.2 Collaboration 

Collaboration between the Russian and Ukrainian partners is rather effective. The contacts with the 
Inst. Chem. Phys. are direct and of mutual interest. The Russian partners mediate in the contact with 
the Ukrainian Pulp and Paper Res. Inst. No direct contacts have been established so far. The efforts 
put in by EU partners (ATO-DLO and Univ. Lyon) have to be restricted due to the relatively low 
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budget for substantial input. Nevertheless, thanks to efforts made in parallel running projects and 
funds for strategic developments the required scientific input can be realised. 

Intensity of Collaboration High rather high rather low low 
West o East + 

West o West -

East O East + 

2.3 Time Schedule 

The time planning so far has been in accordance with the Work Programme. 

2.4 Problems encountered 

Problems encountered major minor none not applicable 
Co-operation of team members + 
Transfer of funds + 
Telecommunications + 
Transfer of goods + 
Other + 

CR3 (Inst Chem. Phys.) - the main problem was to receive transfer of funds from INTAS. One team 
member didn't receive it yet due to financial fault in Russia. 

CR4 (Pulp & Paper Res. Inst.) - the main problem was to receive transfer from INTAS. At first 
Ukraine bank asked them to bring a document which confirm the transfer of funds. After that bank 
had found this transfer, but due to financial fault in Ukraine all USD accounts in Ukraine were closed 
and Galov's team couldn't receive their money yet. 

Telecommunications between East and West are without specific problems (e-mail / fax, air mail), 
except that the contacts with the Ukrainian group so far have been indirect. 
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3. Finances (in ecu) 

Participant Cost Category Total 
Name of Indiv.Grant Overheads Travel Equip­ Consumbles Other (ECU) 
Participant Lab. Costs and 

Subsist. 
ment costs 

1. ATO-DLO 0 5181 806 377 0 6364 
2. Univ Lyon 1455 1455 
3. Inst.of 

Chem.Phys. 
12560 1500 1540 15600 

4. Paper Res. Inst. 6400 6400 

The spending has been in accordance with Work Programme. The project input of ATO-DLO has 
been exceeding the estimated cost for the first year, which will be considered as own contribution to 
the project. 

For the remaining duration of the project participant CR3 (Inst. Chem. Phys.) foresees some 
deviations from the cost table, given in the Work Programme. While preparing the INTAS proposal by 
Mikhailov's team it was planned to purchase the equipment (a computer complex) at 2,500 ECU and 
some consumables at 1,500 ECU. However, after the grant had been applied for, the laboratory 
already purchased a computer and a major part of required materials by means of other financial 
sources. Besides, during the period when the proposal was being prepared, the rate of exchange of 
ECU to dollar was indicated as 1.3. At the moment of receiving the INTAS transfer of funds it was 
1.05. At this very time the transport costs became higher. In this connection, it so appeared that the 
sum planned for the Travel was quite insufficient. 

Taking into consideration the above said, we ask you to transfer the sum of 2,500 ECU, previously 
planned for purchasing the equipment, to the Travel costs. We ask you also to allot 1000 ECU for the 
Travel and 500 ECU for consumables from the sum in 1,500 ECU previously planned for purchasing 
consumables. 
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1 - KINETICS, MOLECULAR MECHANISMS AND FREE RADICALS IN THE PROCESSES 

OF PRODUCTION AND MODIFICATION OF CELLULOSE AND FIBERS. 

Grant INTAS 96-0975. 

Reporter -A.I. Mikhailov, Institute of Chemical Physics in Chernogolovka RAS, Russia 

Pulp and paper industry is one of the most resources, energy-, and ecology-consuming 

branches of the national economy. To solve the problems of this branch, it is essential to 

combine fundamental research and nonconventional approaches to the study of chemical 

processing of plant polymers and the structure of initial and final materials. 

The present project studies the kinetics, molecular dynamics and mechanisms of 

processing and modification of wood and plant materials. To solve the above tasks, the 

approaches of physics and chemistry of solid and viscous media, multifrequency 3 cm and 2 

mm band ESR spectroscopy, radiation chemistry, computer-kinetic and other methods of 

physico-chemical analysis, are employed together with the conventional methods of chemistry 

of cellulose, wood, plant materials and synthetic polymers. 

When producing cellulose from wood and annual plants it is necessary to arrange the 

chemical delignification in such a way that the reaction of decomposition of a cross-linked 

lignin macromolecule is intensified and the reaction of cellulose destruction is suppressed. At 

the same time, the process of lignin and cellulose destruction is based on splitting of ether 

bonds in their macromolecules. 

As the ether bonds in lignin link phenyl-containing units, and in cellulose they link 

saturated glucopyranose rings, then, in order to estimate the reactivity of a lignocellulose 

complex, the dependence of the thermodynamic parameters of chemical bonds on the degree of 

electron delocalization in the reaction centre is examined. Thermodynamical calculations have 

shown that the selectivity of the destruction of a ß-ether bond in a quinone methide reaction 

centre of a lignocarbon complex is accounted for by a sharp decrease in the energy of the C-O-

C bond rupture (by 30-40 kcal/mol) at the cost of the stabilisation energy of forming free-

radical products at delocalization of electron density over the aromatic nuclei. 

This work was focused on the processing and modification of plant polymers in the 

framework of the mechanism of electron transfer typical of many catalytic and biocatalytic 

reactions. The stage of electron "stripping" from the reduced form of an active centre and its 

tunnel transfer to the diffusionally unapproachable reactive structural fragment of the lignin 



globule was analysed. The selectivity and the rate of electron transfer depends on the damping 

parameter of an electron wave function under the potential barrier and on the resonance defect 

of electron-vibrational levels. 

In this work, multifrequency 3cm and 2mm band ESR is used for investigation of active 

free-radical and radical-ion centres formed in reaction media and polymers examined, which 

play an important role in processing and modification of plant fibbers. Their conversions and 

their role in the chain processes of graft polymerization, modification and in the destruction of 

a lignocellulose complex are studied.. Some new approaches to the mechanisms of oxidation-

alkaline and oxidation-solvolysis processes are considered. Oxygen-containing ion and radical-

ion particles HO", O, O2, 03\ HO3", H03 and others played an important role in these 

processes. 

This work shows that unconventional approaches of polychronous kinetics allow us to 

describe adequately the kinetics of delignification, as well as the presence of residual lignin and 

the brightness of cellulose in pulping and bleaching. High microinhomogeneity of the chemical 

structure, morphological and hypomolecular structure of wood and cellulose accounts for 

kinetical inhomogeneity of the diffusion and reactivity with a wide range of kinetic constants. 

We have worked out integral methods of analytical and computerised solution of the reciprocal 

kinetic task, developed an algorithm of finding the spectrum of kinetic parameters and their 

integral fonctions of distribution against activation energies and preexponential factors. We 

have analysed experimental data on various methods of pine wood pulping (soda, soda-

anthraquinone, sulphate, etc.) and on peroxide bleaching of sulphate cellulose. It is shown that, 

in accordance with the results of the analytic solutions, the kinetic curves of lignin removal 

from wood, C(t), have a logarithmic character and are linearized in the C - Igt coordinates. The 

residual lignin and cellulose brightness are due to a very slow (as lnt) decrease of lignin 

concentration in time for pulping and bleaching at final stages of the process. It is accounted 

for by the presence of rigid izokinetical zones (microregions) with extremely low diffusion in 

the polymer matrix spectrum. The ways of activation of such zones during multistage 

processes of cellulose production are considered. It is shown that, for obtaining spectra of the 

kinetic constants (and the distribution functions based on E and Ko), the calculated computer -

kinetic curves are in good agreement with the experimental data over all intervals of 

experimental parameters (t= 10-1000 min, C/Co=97-3%, T=110-10°C for pulping and T=20-

100 C for bleaching), which cover the technologically important intervals of values. 



To produce polyolefin-cellulose papers, cardboards and other composite materials, 

methods of chemical modification of fiber surfaces are developed making use of free-radical 

and catalytic grafting of monomers as well as physical modification of cellulose through 

introduction of surface-active amphiphylic substances, which are a connecting link between 

cellulose and polyolefin molecules. To produce composite materials based on wood, cellulose 

and polyethylene, it seems very promising to use the method of polymerization filling. This 

method makes it possible to prepare polymeric compositions with practically any filling degree 

and uniform distribution of polyethylene on the surface of wood or cellulose fibres in the 

presence of complex Ziegler-Natta catalysts. Modification of wood and cellulose materials 

using polymerization filling offers a number of advantages aver other methods of modification 

as ethylene is a cheaper and a more environmentally-friendly reagent. 

When studying the molecular mechanisms of energy migration between components of 

wood substance (lignin-cellulose) affected by ionising radiation, it has been established that the 

radiation energy is transferred from the molecular fragments of cellulose to the aromatic 

structures of lignin that possess lower energy of electron excitation. That leads to increased 

selectivity of the decay of the ligno-cellulose complex, dissociation of fibre-fibre links and 

accelerated lignin destruction. 

Together with the Ukrainian State Research Institute of Pulp and Paper Industry, we 

have performed modification and processing of some kinds of hardwood (aspen, birch) and 

softwood (fir) under experimental conditions. The works are also performed with fibres of 

annual plants: ambary (gramineous), hemp and some types of cane. The processing of ambary 

and hemp fibres gives wood pulp that is highly competitive in its quality with the chemico-

thermomechanicai wood pulp made of softwood. At the same time, the fibrous chemical pulp 

made of some kinds of cane by the sulphite-alkaline pulping method far exceeds in its physico-

mechanical characteristics the pulp made of hardwood. 

The Agrotechnological Research Institute (Department of Agrofibres and Cellulose) , 

Wageningen, the Netherlands, is carrying out the study of characteristics and properties of 

composite materials based on natural fibres and modified cellulose fibres using NMR, SEM, 

TEM and TG A methods. The SEM method is used to study the interfaces in compositions of 

natural fibres and synthetic polymers. 

The Claude Bernard University (Laboratory of Plastics and Biopolymers), Lyon, 

France, is studying modified cellulose, fibres and composites using Inverse Gas 



Chromatography, surface tension and adsorption isotherms, as well as other methods sensitive 

to hydrophobic-hydrophilic interactions depending on the degree of filling the surface of 

cellulose fibres with hydrophobic components. 



PaöoTa BbinojiHeHa npn nozwep>KKe HHTAC (rpaHT N"96-0975). 

f - RADIATION-CHEMICAL ACTIVATION OF CHEMICAL PROCESSING FOR 

SYNTHETIC AND NATURAL POLYMERIC MATERIALS 

A.I.Mikhailov, L.D.Kaplun and I.A.Shilova 

Institute of Chemical Physics RAS, Chernogolovka, Moscow Region, 142432 Russia 

The use of ionizing radiation energy is the most effective physical methods 

of initiation of chemical reactions (as compared to the thermal, mechanochemical, 

etc.) for modifying natural and synthetic polymers, increasing the effectiveness of 

structurization and destruction and controlling molecular-mass distribution. 

This work examines a wide range of chemical technologies, from 

structurization of plasto-elastomeric coatings and imparting of the necessary 

physico-mechanical and required exploitational properties to them in the 

production of synthetic leathers and reinforced film materials to chemical 

processing of wood, production of cellulose and its derivatives, as well as in 

microbiological processing of plant raw material. 

A pre irradiation modification by an electron beam makes it possible to 

reduce energy costs for chips refining in pulp production by 10-25%, to reduce 

the time of refining and to increase the refiners effectiveness. The use of 

radiation-chemical modification in cellulose production increases the yield by 1,5-

4,5%, decreases the reactants consumption by 5-7%, cuts time of pulping and 

subsequent cellulose refining, improves the exploitational properties of fibrous 

furnish, increases the economical and ecological characteristics of the production. 

The work has been supported by INTAS under Grant .Nb96-0975. 

XHH 



I- CRYOCHEMICAL REACTIONS OF FREE RADICALS FORMATION - A NEW CLASS 

OF SYNCHRONOUS REACTIONS 

S.I. Kuzina, S.V. Demidov, I.A. Shilova, A.N. Sherban, A.I. Mikhailov 

Institute of Chemical Physics RAS, Chemogolovka, Moscow Region, 142432, Russia 

A new class of chemical reactions with formation of free radicals at low 

temperatures in direct halogenation of hydrocarbons and redox reactions has been 

discovered. Stages of radical formation involving a gomolytic rupture of covalent 

bonds are considered in the framework of the model of multicentre synchronous 

transitions in a polymolecular complex.. A conclusion is made based on the structure 

of radicals obtained at low-temperature chlorination of ethylene and phenols that a 

polymolecular complex includes two chlorine molecules, and only this composition 

ensures the minimal exothermic effect of chlorination. 

Radical formation at low-temperature fluorination of saturated hydrocarbons 

with the most stable C-H bonds is shown by the example of ethane. At fluorination of 

liigh-molecular compounds (synthetic polymers and ligno-cellulose materials), the 

iiiaximal concentrations of radicals reach values of 5*1018 spin/g at 77-150 K. A low-

emperature chlorination of lignin occurs selectively: mostly at double olefinic bonds 

>f the macromolecule and without formation of chlorophenols. 

The discovered class of reactions of low-temperature radical formation 

broadens our perception of reactivity. Besides, such reactions can be used for 

initiation of free-radical processes in synthesizing and modification of organic 

compound. 

The work has been supported by Russian Foundation for Basic Research under 

Grant N296-03-34192 and by INTAS under Grant N296-0975. 
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Examined are the unconventional approaches to the kinetics and mechanisms of delignification 
reactions in pulping and bleaching. The methods of multifrequency 3-cm and 2-mm band ESR are used in this 

work to study the free-radical and ion-radical centres 
forming in the reaction media and polymeric 
materials under question and playing an important 
role in processing and modification of plant fibres. 
Their conversions and their role in chain processes of 
modification graft polymerization and in the reactions 
of destruction of a lignocellulose complex are 
studied. Destruction of a lignocellulose complex is 
especially effective in the oxidizing medium. Hence 
examined are some new approaches to the 
mechanisms of oxidation-alkaline and oxidation-
solvolysis processes. In these processes, the most 
important part is played by oxygen-containing ion 
and ion-radical particles, HO", O, 02', 03", H03\ 
H03~ and others (Fig. 1). Selective lignin chlorination 
at alkyl-aryl 
unsaturated bonds of phenol-propane structural 
units is carried out, not involving the aromatic rings. 

This reduces the risk of the formation of chlorophenols 
in and chlorodioxines in bleaching with chlorine-con­
taining compounds.(Fig.3,4). 

New methods and techniques of 2mm band 
ESR spectroscopy with high g value resolution 
(differentiating signals due to polyene and oxygen-
containing radicals) have been used to investigate the 
paramagnetic centres in lignocellulose materials and 
wood (Fig.2). As very small information can be 
obtained from the singlet spectra of 3 cm band ESR, 
they are not yet conclusively identified. It is shown 
that, if lignin is affected by alkali, ion-radicals of the 
para-semiquinone type are formed (Fig.2, spectra 
3,6). In the case of background signals due to wood 
and lignin and when the latter, as well as cellulose, are 
affected by physical factors (y-, UV-radiation, 
mechanochemistry, etc.), the radicals with a 
polyconjugated system of carbon-carbon bonds are 
formed (Fig.2, spectra 1,2,5). 

Since the ether bonds in lignin join together 
the phenyl-containing units, while in cellulose they 
join together the glucopyranose rings, the 

dependence of the thermodynamical parameters of 
bonds on the degree of electron derealization in the 
reaction centre is considered in order to evaluate the 

reactivity of a lignocellulose complex. Under certain 
conditions, the homolytic breaking of these bonds 
may be of considerable importance in chemical 

processes. The stabilization energy of the aromatic radicals forming in this case is greater than an analogous value 
of a C-O-C bond rupture in cellulose. Hence the C-O-C bond in lignin must be markedly weaker Based on 

Fig. 1. ESR spectra of the radicals OH"(l), O' (2), 03' 
(3), H03' (4) in y-irradiated NaOH solutions and 
H02* (5) UV-irradiated H202. 

Fig.2. ESR spectra of initial lignin (1,5) and the same 
after chemical treatment under cryogenic conditions 
with NaOH solution (3,6) and molecular chlorine (4,7) 
Registration of spectra in 2-mm (1-4) and 3-cm (5-7) 
bands at -196°C. 



reference sources and literature [1,2], the Table gives, for example, the energies of the homolytic rupture of C-O 
bonds m various compounds: 

Compounds E c.o> kJ/mol 
H-O-H 494,4 
C-O in cellulose 356,2 
C3H7-0-C3H7 331,0 
Ph-CHrO-CH3 280,7 
Ph-CHrO-Ph 197,0 

The thermodynamical calculations show that the bond energies in a quinonemethide structure lie in the 
range 172-193 kJ/mol. Thus the energy of a ß-ether C-O bond in lignin is about 170 kJ/mol less than as 
analogous value for cellulose. An electron injection to a reactive centre in the alkaline media may reduce even 
more the energy of the C-O-C bond rupture due to the additional energy of stabilization of a forming phenolate 
ion. Thus the selectivity of the ß-ether bond destruction in the quinonemethide reactive centre of the 
lignohydrocarbon complex results from a sharp decrease of the energy of the C-O-C bond rupture at the 
expense of electron derealization and stabilization energy of forming free-radical products at decomposition of 
the ß-aryl ether bond [3], 

A possible role of tunnel electron transport is considered in the decompozition of the lignocellulose 
complex in the electron-donor media. As applied to the processes of alkaline wood delignification, the stage of 
electron "stripping" from the reduced form of an active "carrier" (A ) and its tunnel transition into a diffusionally 
inaccessible reactive structural fragment of a lignin globule is analyzed [4], The selectivity and velocity of such 
outersphere reactions of electron transfer depend on the damping parameters of the wave function I 12= exp (-
2r/a) under the potential barrier and on the resonance defect of electron levels in A" lignin vapours. The rate 
constant of the tunnel transition KT = v0 exp (-2r/a), where v0 in the frequency factor, r is the distance between 
the transfer centres. In viscous media, in spite of the intensive translational mobility of molecules, the electron 
tunnel transition can take place before the diffusional approach of reactants. In this case, the electron "stripping" 
occurs at distance rc, when the time of the diffusional jump xD »X.2/2D becomes equal to the time of the tunnel 
transition '(xD >ZT(tc )). At viscosities tj>104 P and diffusion coefficients D<1016 cm2/s typical of 
polymeric media, among them wood, the "stripping" distances can reach r=20-30 A, which considerably exceeds 
the distances of the immediate Van-der-Waals contacts (X «5A). Then the transport of an electron and its 
subsequent reaction proceed without "chemical" participation of the carrier: 

A + M + B A + M + B", B product. 
This scheme underlies the fact that, at a moment of e" transfer, the reaction centre B is surrounded by the M 
matrix molecules and has no geometrical contact with A". 

For the rate constant KT of tunnel transition, the damping parameter "a" is determined by the electron 
structure of a donor particle A", while the frequency factor v0 

depends on the collective properties of an interacting pair A 
... B. It is shown that the "a" damping parameter of the vyA 

wave function under the potential barrier grows 
monotonously with an increase in the electron 
derealization degree in the anion A polyconjugated 
system. Structurally it is connected with the fact that, the 
wider is the well in A", the smoother is the wave ^ function 
not only inside the well, but outside it as well (i.e. under the 
barrier). This increases the effectiveness of electron injection 
onto the lignin reactive centre from the carrier of the 
anthraquinone and phenontraline type as compared to the 
"point" donors of the type of S"2, OH', etc. For an 
organosolvent pulping with organic acids, shown is an 

electron transfer from a COO" group to give large amounts 
of C02. 

Multicentral synchronous reactions of radical 
formation in redox reactions have been carried out at low 

temperatures (150-260K) in the rigid lignocellulose matrix 
(Fig. 3,4). Selective lignin chlorination at aryl-alkyl unsaturated 

bonds of phenyl-propane lignin fragments (without 
touching the aromatic nngs) has been performed, which reduces the risk of formation of chlorophenols and 
chlorodioxines in bleaching of cellulose with Cl-contairiing compounds. The concentration of aryl double bonds 

«s-JA 

Fig. 3. Caionmetric curves of heating for the 
chlorine-lignin system (mass ratio 1:1) : 

1 - a curve of CL2 melting, 
2- heat release in the chlorination reaction; 
3 - heats of reaction products sorption and 

HCl melting (3'). 



in chlorolignin decreases by a factor of -100 as compared with 
the initial one. Our investigations show that the chlorine atoms 
add to the lignin molecule at the double aryl-alkyl bonds, while 
the kinetic chain length (1) of the chlorination is ~ 103 units. 

Thus, our investigations allow us to develop a theory 
of delignification processes in pulping and bleaching, to 
evaluate qualitatively and in a new way the mechanisms of 
lignocellulose complex destruction in terms of 
thermodynamical characteristics of ß-ether bonds of the 
phenyl-propane fragments of lignin and electron tunnel 
injection onto their reactive centres , as well as involving of 
such active intermediates as S"2, OH', 03", H02', H03 , H03, 
etc. in the mechanisms of chemical processes of alkaline and 
oxygen-alkaline pulping, ozone and peroxide bleaching [6], 

This work was supported by INTAS (grant No.96-
0975). 

Fig . 4 The temperature dependence of the free 
radicals concentration in the ClrLG systems 
with the following mass ratios of reagents: 
1:0(1), 10:1 (2), 3:1 (3), 1:1 (4). 
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The ageing of products made of natural polymers under natural operating conditions is accompanied 
by free-radical photo-chemical and photo-oxidation reactions. The radical reactions play an important role in 
chemical processing and modification of lignocellulose materials, in bleaching and recovery of wastes of pulp 
and paper industry using UV- and ionizing radiation. However, many of the radicals formed at photolysis and 
radiolysis of cellulose are not yet identified conclusively. This concerns the ESR singlet spectra obtained on 
irradiation or picked out in post-effect (when heating the irradiated samples) that cannot be unambiguously 
identified. The quantitative data on quantum yields of initiation and photo oxidation are practically absent. 

We have studied the formation of radicals at low temperature (77 K) under UV- and y-irradiation of 
lignocellulose material, secondary thermal and photochemical radical reactions; photo-oxidation of 
lignocellulose materials under model irradiation conditions and affected by natural sunlight. To establish the 
nature of gamma- and photo-induced paramagnetic centers, the method of new 2 mm band ESR spectroscopy 
is used in addition to the usual 3 cm band ESR spectroscopy. Having a higher spectral resolution by g factor, 
this method allows us to separate the spectra of polyconjugated and oxygen-containing radicals. 

2nl 

The low temperature (77 K) 
photolysis and radiolysis of cellulose besides 
accumulation of ordinary alkyl radicals , leads 
to formation of paramagnetic centers (PMC) 
with singlet spectra having a width of about 
AH«1.0 mT at g~2 in the 3 cm band ESR. The 
PMC with singlet spectra are also found to 
form in post effect when the irradiated 
cellulose (AH«1.0-2.0 mT) is heated . 

Fig. 1 gives ESR spectra of cellulose 
that was y- and UV-irradiated at 77K (spectra 
a-1 and b-1) and heated subsequently up to 
400-420K (spectra a-3 and b-4). Dome-shaped 
(in the saturation regime) and singlet forms of 
these spectra in the 2 mm band ESR (spectra a-
1',3' and b-1 ',4') indicate that both the singlet 
signals in the general spectra of the irradiated 
cellulose and the singlets appearing in the post-
effect belonged to the radicals with the system 
of conjugated double bonds and not to 
oxiradicals as is often assumed in literature. 

It is concluded that the main direction 
of thermal radical conversions is represented by 

reactions of elimination of H20 and C02 and 
formation of polyconjugated systems. 

When dry radiolyzed cellulose is 
heated in the presence of oxygen, the ESR 
spectra have no evidence of R02* formation, 

and temperature in agreement with literature. 
The absence of peroxide radicals in the 

y- irradiated cellulose in probably connected 
with low solubility and limited mobility of 02 

molecules in natural polymers. It is shown that 
cellulose with a crystallinity degree of -80% 

ensures the solubility of ~1016 molecule/g of oxygen, which is two orders of magnitude less than of 
polyethylene with the same crystallinity degree (~1018 molecule/g). In order to oxidize the primary radicals, the 
radiolyzed (at 77K) wet cotton cellulose is heated in the atmosphere of 02 (650 Torr); in the region of 160-

Fig.1 
ESR spectra due to y-(a) and UV-(b) irradiated cellulose: 

a-after irradiation with a dose of 2Mrad at 77 K (1, 
1') and temperature increase to 250 (2) and 420 K (3, 3'): 
heating of wet (modulus 1:1) cotton cellulose to 190 K (4); 
b-after UV-irradiation (X.=253,7 nm, intensity 2*1016 quan/ 
cm2s) of cotton cellulose at 77 K within 90 (1,1') and 180 
min (2) increase to 190 (3) and 400 K (4,4'). Spectra 
recorded at 77-150 K in the 3cm (1-4) and 2mm ( 1',3', 4') 
band ESR. Spectra 1' and 4' are recorded in the saturation 
regime 



190K there appears an asymmetric singlet due to a peroxide radical (an oxidation degree is 15-20%).(Fig.l, 
spectrum a-4). 

The study of the photochemical radical reactions of cellulose radiolyzed at 77K has revealed a 
photorecombination of a stabilized electron accompanied by a synchronous decay of an alkyl radical on a €| 
carbon atom. The preliminary quantitative estimates show that a "photobleaching" of one electron results in 
(depending on the dose of y-preirradiation) a loss of 4 to 20 alkyl radicals. C02 is eliminated with yield 
Go02-25-30 1/100 eV in this processes, and this is 2-2,5 times more than C02 elimination in "dark" radiation 
processes (without photobleaching). 

The quantum yields of photochemical formation of radicals at 77K are in the range cp=10"3-10"5. They 
depend slightly on À in the range 236-480 nm and are determined mainly by the temperature of the process and 
the presence of oxygen. 

The lignocellulose materials are found to be markedly photo-oxidized. This capacity is investigated by 
the rate of oxygen consumption and evolution of the gaseous products of destruction (H20, C02).On irradiation 
with light (A,=253,7nm) at 300K, the quantum yields of the photo-oxidation reach the values exceeding unity, 
which is an evidence of a chain character of the process. 

Fig.2. 
a-Kinetics of oxygen absorption (1,2) and evolution of gaseous products (1',2') in the photo-

oxidation of cotton (1,1') and bleached (2,2') cellulose (X.=253,7 nm, intensity 1016 quan/cm2s, 
150 Torr, 300K).; 

b-Kinetics of oxygen absorption (1) and evolution of gaseous products (2) in the photo-
oxidation of bleached cellulose under sunlight irradiation (July-August, Moscow latitude, oxygen 
pressure 150 Torr, 300 K); an ESR spectrum (3) due to the cellulose irradiated by sunlight. 

Thus for the cotton and bleached cellulose irradiated under model conditions (X=253,7nm), cp02 =13-
25 (Fig. 2-a) with a quantum yield of initiation of cpR « 10 "3, the kinetic chain length of photooxidation 
evaluated by the (p02 / cpR ratio is ~2 • 103-104 units. Affected by sunlight, the photooxidation proceeds less 
effectively. E.g., for the bleached cellulose, cp02 « 1,2 »10 3 (Fig.2-b, curves 2); the quantum yield of initiation 
(determined at 77K) is cpR « 3 • 10 5 and the kinetic chain length is 902 / cpR » 40 units. 

The work has been supported by INTAS under Grant No.96-0975. 
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For a control over the chemical processes and their economic-ecological optimization it is necessary to 
create adequate kinetic models. In this connection for several years we have been studying the characteristic 
features of kinetics, molecular dynamics and mechanisms of chemical and diffusional processes in solid and 
viscous media, including some natural and synthetic polymer materials (among them wood, cellulose and its 
derivatives), with strongly limited molecular movements and some structural microinhomogeneity of solid 
matrix. The traditional kinetics are often inadequate for description and studying chemical processes in such 
systems. In the work the nontraditional approaches of so-colled polychronous kinetics taking into account the 
description of kinetic parameters of physical-chemical processes in microinhomogeneous media have been 
developed. These approaches had been already worked out by the authors for some natural and synthetic 
polymers and composites [1] and also for wood cellulose and its derivatives. Now that permitted the authors to 
adequately describe the kinetics of delignification, the quantity of residue of lignin and color of cellulose at 
pulping and bleaching. 

High micro- and nanoinhomogeneity of chemical structure, morphologic and supermolecular structure 
of wood and cellulose determine the kinetic nonhomogeneity of diffusion and reaction ability during the 
processes of pulping and bleaching and lead to a broad spectra of kinetic constants (K). In the work the integral 
methods of analytical and computer solutions of the inverse kinetic problem were developed and the algorithm 
was worked out for determining of spectra of kinetic parameters and their integral functions of distribution to 
activation energy E and pre-exponential coefficient Ko. It was found that the rate of the polychronous processes 
drops sharply with time already at the initial stages and the kinetic curves are of a nonexponential character 
and come to a nearly horizontal area at low conversion degrees. In practice the spectrum of the kinetic 
constants are usually implemented as the functions of distribution over activation energy E and/or over pre-
exponential coefficient Ko (often over entropy S). Therefore summing (integrating) the observed processes in 
every elementary isokinetic zone (where K=const and the classic laws of monochronous kinetics are just) must 
be done for E or/and for S, and, in general, for In K and the kinetic of such processes being described with a so-
colled polychronous kinetics equation [1]: 

(1) (2) (3) 

C(t)/C0 = f(lnK)G(K, t)dlnK = f*"" F(lnK)dG(K, t) « f"** f(lnK)dlnK = F (InK*) 

where K = K0 exp(-E/RT) is the rate constant; f(lnK) is the unknown distribution function; F(lnK) 
rtnK 

= I f(x)dx is its protoplastic, i.e. the integral distribution function; (Kmin, Kmax) is the interval where 
"faK»,» 

f(lnK) * 0. The G(K,t) nucleus describes the kinetics of the processes within the isokinetic micro- and 
nanorange (where K « const). Eq. 1 is the first kind Fredholm integral equation being related to a group of 
some incorrect inverse problems having solution often unstable due to experimental errors in C(t) and needs 
various procedures of regulation. Since significant instability and increase of "noise" are usually connected with 
the operator of differentiation, the more stable results can be obtained, solving the problem with equation like 
Eq.2 which involves integral distribution function F (here differentiating is transmitted to nucleus G and does 
not raise the "noise"). In the so-colled "strong polychronous"approach (when In K^/K^n > 1, tKmin « 1; tKm„ 
» 1 ) G(K) can be approximated by the Heviside "step" (at the same time dG by 8-function), and the integral 
Eq.1 is converted into functional Eq.3 for F(lnK*). In the simplest case, G(K,t) = exp(-Kt) and K* = 1/t. If 
f(K) has almost a "rectangular" form, then in the approach of "strong polychronicity" 

C(t)/ Co = - [In Kmax/Kmm]"1 -lnK^t (4) 
Here the kinetic curves have a logarithmic character and the polychronous process kinetics is characterized by 
straight lines in coordinates C/C0, Int. In general, as seen from Eq.3, the function C(lnt)T=<;ons, and also 
C(T)t=const represent the form of integral distribution function. An algorithm of the polychronous kinetics 
allows us to determine the integral distribution functions with respect to E and K for such processes. 



A combination of the polychronous kinetics methods with those of the traditional kinetics is thought to 
be the most effective in the study of chemical treatment of wood and its derivatives as they possess considerable 
chemical, structural and morphological micro- and nanoinhomogeneity. The notions of polychronous kinetics 
allow more complete (in comparison with other approaches) description of the kinetics of removal of lignin and 
hemipolysaccharides from the wood pulp. 

The work reports on the polychronous nature of wood delignification processes (sulfate, natron, 
natron with anthraquinone, organosolvent and other) and peroxide bleaching of sulfate cellulose. We have 
carried out pulping of pine-wood sawdust in an autoclave of 0.15 1 capacity under isothermal conditions 
according to the technique [2], 

It had been shown [3] the process of delignification at working up the wood by a 6% nitric acid is 
characterized by a wide spectrum of activation energy from 8 to 118 kJ/mole. The spectral distribution of pre-
exponential coefficient Ko is within the range of ÎO'-IOV. Such a lower limit of IQ, testifies the diffusion 
nature of delignification process at dispersion of average diffusion traces (I ~ lO^-lO^cm) in isokinetic zones. It 
was demonstrated an accordance of the isokinetic zone sizes and activation wells observed there with 
macroscopic and submicroscopic structures of wood cells and activation energies peculiar for the diffusion 
processes in such media. On the basis of the results obtained a topochemical picture of removal of lignin 
destruction products from the wood pulp was designed. Removal of the first 20% of lignin, processed with the 
activation energy of 9-27 kJ/mole, occurs relatively easily from the wall surface of anatomic elements. Solving 
the next 30% of lignin with the energy of activation of 36-61 kJ/mole proceeds from cell walls of wood. Then 
the following 20% of destructive lignin are mostly removed from the intercellular space with the activation 
energy 71-82 kJ/mole. The rest quantity of lignin is removed from those areas of cellular walls and middle 
plates, where to remove lignin is necessary to destruct it into a small fragments of 1-5 nm size. 

Figure 1 gives the kinetic curves of lignin removal at pulping and bleaching of cellulose. An analysis 
of the experimental findings by using the pseudo-first-order equation has shown a marked deviation from 
exponential dependence. At a further decrease of pulping temperature these deviations grow and at 140 C a 
practically complete kinetic stop of lignin removal is observed at a small conversion degree (ca. 40 % of its 
initial content in the wood). The phenomenon of such a kinetic stop, as was already said, is a distinctive feature 
of the polychronous kinetics [1], 

Rectification of the kinetic curves in coordinates (C/C0, lnt) shown in Fig.2, also justifies the 
polychronous nature of the process and testifies that f(lnK) can be taken for a rectangular function. To 
determine spectra of kinetic parameters (K) and integral distribution function 0 (where 0=C/Co is the removed 
lignin portion for which rate constant K « K* ) necessary in agreement with the polychronous kinetics 
algorithm [1] to horizontally dissect the kinetic curves in Fig. 1. It allows us to evaluate parametric functions Ko 
(0) and E(0) at the condition of strong polychronicity: ln(Kmax/K „»)> 1- Realization of this algorithm with a 
subsequent minimization of the root-mean-square deviation of experimental points from calculated curves C(t) 
provides a better compliance with experiment. The spectrum of the pine-wood delignification rate constants is 
found to be within the range from Kmin « 3-1021- exp(-217 kJ/RT) s"1 to K^ « 105 exp (-65 kJ/RT) s"' for the 
natron pulping, from K^ « 31017 exp(-182 kJ/RT) • s"1 to K-max ~ 5-102- exp(-47 kJ/RT) s"1 for the natron-
anthraquinone pulping, from K^ « 21017exp(-178 kJ/RT) s"1 to Kmax « 1.5-10~2exp (- 7.8 kJ/RT) s"1 forthe 
sulfate pulping, and from Kmin « 3 1 037 exp (-316 kJ/RT) s' 1 to « 510"1 exp (- 9.2 kJ/RT) s"1 for the 
peroxide bleaching of sulfate cellulose. As noted above, small values of the pre-exponential coefficients (Ko « 
v0 » lO'V1) are connected with a high length (1) of diffusion traces (Ko «v0- -(À./1)2, where X « 510"8cm). The 
large values K0 » v0 and, correspondingly, large values E are due to a compensation effect in polymers near to 
the glassing temperature. 

As seen from Fig. !, the kinetic curves calculated in accordance with Eq.1 and the above parameters 
(Kmin, Kmax) agree well with the experimental points up to a complete lignin removal (95-97 %). Therefore, an 
adequate kinetic description of delignification processes for a wide temperature (110-180 C) and time (5-1000 
min) range, and that of pulping and bleaching for the temperature 20-100° C is presented. 

The stability of the solutions obtained was investigated relative to experimental errors. Fig.2 shows a 
family of deviation functions depending upon a root-mean-square deviation between a calculated curve and 
experimental data (8). As seen from Fig.2 the derived spectra Kmin, Kmax are in accordance with the absolute 
minimum of root-mean-square deviation at S ~ 1-3 %. However, at 8 > 10 % stability of the problem is 
disturbed, 6-level s cease to be closed and, therefore, uniqueness of the solution is lost. Thus, at high quality 
experimental pulping and kinetics curve drawing the algorithms of polychronous kinetics permit us to find a 
correct unambiguously stable solutions of an inverse problem to adequately describe the kinetics of 
delignification process within microinhomogeneous matrix of wood and cellulose at pulping and bleaching. 



a t, minutes 

Fig.l The kinetic curves of lignin removal for pulping (a,b,c,f) and bleaching (d,e) cellulose, where a,b are the 
natron pulping, c is the natron-anthraquinone pulping, f is the sulfate pulping at temperatures T= 150(1), 
160(2), 170(3), 180°C(4); d,e are the peroxide bleaching of sulfate cellulose at T=40(l), 65(2), 74(3), 85(4), 
100(6); a,d are kinetic curves C(t)/C0; b,c,e,f are the anamorphoses of the kinetic curves in coordinates C/C0, 
Int. The points correspond to the experimental data, the curves are the results of computer simulation. 

The pulping process kinetic model developed here allows one to prognoze its behavior in a wide range 
of investigated times and temperatures up to 3-5% contamination of residual lignin. Fig.l shows, for instance, 
that at 150 C the additives of anthraquinone (0.1% of the absolutely dry wood mass) and NaOH (34% of the 
absolutely dry wood mass) shorten the time of reaching the 50% delignification by a factor of 1.8 and 4.4, 
respectively, compared with the purely natron pulping. For 90 % delignification, these values are 1.9 and 5.2, 
respectively. With the temperature increase the differences in rates are leveled. Thus at 180°C the times ratio is 
1.3 and 1.8 for 50% and 1.1 and 1.2 for 90 % delignification. The times calculated, tQ, are, in fact, the times of 
reaching the required wood pulping degree (Q) and may be used to evaluate the effectiveness of additives and 
regimes of delignification. 

The study of the polysaccharides decomposition has shown the kinetics of these processes also to 
have a polychronous character. However, the effect of the pulping technique is weak and the observed 
increase of the cellulose yield at pulping with additives, enhancing the delignification (Na2S, AQ, etc.), is 
mainly caused by a decrease of time t, i.e. the time of destruction of cellulose under severe conditions of high-
temperature pulping. 
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Fig.2 The family of deviation functions for root-mean-square deviations S of calculated kinetic curves C(t)/C0 

from the experimental points of Fig.lc(2) for various Kmim and Kmax at ) = 0,047 (1), 0,067 (2), 0,082 (3), 

0.39.(4). The minimum of the function -J(ô2 ) = 0,012 was obtained at lnKmjn= -10,61 [sec"1] and lnK^^ -6.68 
[sec"1]. 
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- IIOJIHXPOHHAFL KHHETHKAIIPOIJECCOB /PJIHRHHOHKAUHM 

NPH BAPKE H OTEEJIKE UEJTJ110JI03BI 

A.H. MMxafijioB, B.A. /JeMHH*, JT./L,. KanjiyH, E.A. KojinaKOB, H.A. IUnjiOBa 

Hhcthtyt npoöJieM xhmhhcckoh 4)H3hkh PAH, HepHOi ojiOBKa Mockobckoh o6ji. 

*MHCTHTyT XHMHH KOMH HLJ, YpO PAH, CtlKTMBKap 

B paöoTe noKa3aHO, hto Hexpa^HUHOHHbic iio/ixo^bi nojinxpoHHOH khhcthkh 

no3BOJiHK)T a/ieKBaTHo onacaTb KHHeTHKy jiHrHH^HKaijHH, a TaKîKe HajiHHHe 

ocTaTOHHoro jiHrHHHa h LjBeTHOCTH Li,ejijiiojio3bi npH BapKe h OTÖejiKe. Bojibmas 

MHKpoHeoaHopoflHOCTb xHMHHecKofi erpyKTypbi, MOp(f)OJIOrHHeCKOrO H 

HaAMOJieKyjiHpHoro ctpochha /ipeBecuHbi h iiejuiiojio3bi oöycjiaBjiHBaiOT 

KHHeTHHeCKyiO HeOflHOpOflHOCTb ßH(j)(|)y3HH H peaKHHOHHOH CnOCOÖHOCTH C IHHpOKHM 

CIieKTpOM KHHeTHHeCKHX KOHCTaHT. Pa3BHTbI HHTerpajIbHbie MeTOflbl aHajiHTHHecKoro 

H KOMIIblOTepHOrO peilieHHH npHMOH H OÔpaTHOH 3aaaHH nOJIHXpOHHOH KHHeTHKH, 

pa3pa6oTaH anropHTM onpeaejieHHa cneKTpoB KHHeTHnecKHx napaMeTpoB. 

npoanajiH3HpoBaHbi sKcnepHMeHTajibHbie .qaHHbie no pa3JiHMHbiM cnocoöaM BapKH 

apeBeCHHbl COCHbl (HaTpOHHblH, HaTpOHHO-aHTpaXHHOHHMH, CyJIb(J)aTHbIH H ap.), a 

TaioKe no nepoKCHUHOH oTÖejiKe cyjib<J)aTHofi uejunoji03bi. noKa3aHO, hto 

KHHeTHHecKHe KpHBbie yaajieHHH JiHrHHHa H3 nejiJiiojio3bi C(t) hmciot 

jiorapn(J)MHMecKHH xapaicrep h cnpflMJiaioTca b (C,lgt) Koop^HHaTax. OcTaTOMHbiw 

jinrHHH oöycjioBJieH BecbMa Me/yieHHbiM (KaK Int) yMeHbineHHeM KOHueHTpanHH 

JiHrHHHa bo BpeMeHH npH BapKe h OTÖejiKe Ha KOHenHbix sTanax ripouecca. 3to 

oöycjiOBiieno HanHHHeM b cneKTpe nojiHMepHOH MaipHijbi acecnoix H30KHHeTHHecKHx 

30H (mHKpooöjiacTen) co cjiHuiKOM Manon AH4)<J)y3HeH. Jlsia nojiyneHHbix cneiopoB 

KHHeTHHeCKHX KOHCTaHT (h cfjyHKHHH pacnpeaejieHHA no E h Ko ) pacnerabie 

KOMnblOTepHO-KHHeTHHeCKHe KpHBbie xoporno COrJiaCyiOTCa C OnblTHbIMH /laHHbïMH 

bo Bcex HHTepBajiax TexHOJiornnecKHX napaMeTpoB. Pa3BHTaa nojiHxpoHHaa 

KOMnbiOTepHo-KHHeTHHecKaa Mo^ejib npoueccoB OTÖejiKH h BapKH MoaceT öbitb 

Hcnojib30BaHa /ura npoinosMpoBaHHH h yiipaBjieHHa KanecTBOM h uejieBbiMH 

xapaKTepHCTHKaMH nojiynacMbix MaTepnajiOB. 

PaöoTa BbinojiHeHa npn no/mep^ace INT AS (rpaHT JVfo96-0975). 
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KINETICS AND MOLECULAR MECHANISMS IN THE PROCESSES OF 
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WOOD AND PLANTS 
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The kinetic inhomogeneity of pulping and bleaching processes in pulps from wood and plants due to 

chemical and structure inhomogeneity of lignocellulose polymer matrixes was studied with employing a 

polychronous computer-kinetic model. An adequate description of kinetics of delignification is presented, 

involving a rate constant homogeneous spectrum for wood and rate constant discrete spectrum for annual 

plants with a lower heterogeneity matrixes. At processing such plants as hemp, kenaf and cane the high quality 

fibrous pulps were obtained, which were equal to or exceeded in its physico-mechanical characteristics the 

CTMP from soft- and hardwoods. The standard - vinegar acid delignification has been considered as one of the 

perspective and more environmentally-friendly organosolvent pulping in generally used solvents without any 

mineral agents of high toxicity. The mechanisms of transport of electrons from donor hydrophilic media into the 

reaction centers of hydrophobic globules of lignin were examined. 

The ways of hydrophilic-hydrophobic combinations have been studied to produce the composite 

materials based on cellulose and polymers (such as polyethylene, polypropylene, etc.). The methods of 

hydrophobing the cellulose fibers by creation of connecting links between polyolephines and polyacrylates 

under irradiative-chemical and chemical (by catalysts of Ziegler-Natta type) initiation effects and by 

condensation immobilization of surface-active substance (SAS) molecules are demonstrated. It is shown also a 

possibility to create a joint dispersion of cellulose and polyolephine fibers in a water medium by the physical 

adsorption of SAS on the surface of polyolephine fibers for wet production of cellulose-polyolephine paper 

composites. 

This work had been supported by INTAS (Grant 96-0975). 


