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Chitin and Chitosan

PART II. APPLICATIONS OF CHITOSAN**

Summary — A review covering 131 refs, shows the applications of chitosan,
i.e., in water treatment, pulp and paper, medical and pharmaceutical mate
rials, cosmetics, biotechnology, agriculture, food and feed additives, textile 
and membranes. Attention was focused on use of chitosan in papermaking. 
Commercial chitosan was described, with its various application forms [mi
crocrystalline (MCCh), beads and membranes, chitosan fibres and textile con
taining chitosan].
Key words: chitosan, application, useful forms.

Commercial chitosan is available as flakes [2], pow
der [3] as well as processed products like films or mem
branes [4— 6], beads or microcapsules [7— 9], fibres 
[10— 12] and as well as a new form of this biopolymer,
i.e. microcrystalline chitosan (MCCh) [13— 15]. Applica
tions of chitosan and its derivatives are presented in Ta
ble 1 [16— 71].

T a b l e  1. Applications of chitosan

Fields of 
application Examples

Water
treatment

Removal of metal ions, pesticides, phenols, 
radioisotopes [7,16— 19], flocculant/coagulant, 
protein [20], dyes [21], amino acids [22], filtration 
[23],

Pulp and paper

Surface treatment [24], photographic paper [24], 
carbonless copy paper [26], purification of water 
wastes, wet-strength improve agent and 
chitosan-coated papers [27]

Medical and 
pharma
ceutical 
materials

Bandages, sponges [28—80], blood cholesterol 
control [31, 32], tumor inhibition [33, 34], 
membranes [35], dental/plague inhibition [36], 
skin burns/artificial skin [37], contact lens [38], 
control release drugs [39,40], bone disease 
treatment [41], surgical sutures [42]

Cosmetics

Make-up powder [43], nail polish [44], 
moisturizers, fixtures [44], bath lotion [44,45], 
face, hand and body creams [44,45], toothpaste 
[45], foam enhancing [45]

* Part 1 — see Г1].

Biotechnology

Enzyme immobilization [4, 22, 46— 49] protein 
separation [50], chromatography, cell recovery 
[51], cell immobilization [52], electrodes and 
sensors [53, 54]

Agriculture

Seed and fruit coating [16, 55, 56], leaf coating [55, 
57], hydroponics/fertilizers [58], controlled 
agrochemical release [59], fertilizers and 
fungicides [60]

Food and feed 
additives

Removal of dyes, solid, acids [61, 62] preservatives 
and antioxidants [63], color stabilization [64], 
clarification and de-acidification of fruits and 
beverages, reduction of lipid adsorption, natural 
flavor extender, texture-controlling agent, 
emulsifying, thickening and stabilizing agent, 
livestock and fish-feed additive, dietary fibres 
[16, 42,65]

Textile Sanitary fibrous materials, surgical threads, textile 
material

Membranes Reverse osmosis [69], permeability control [70], 
solvent separation [5, 71]

CO M M ER CIAL C H ITO SAN

Commercial chitosan is usually offered as flakes or 
powder. Products of various companies differ in purity, 
granulation, color, DD, average molecular weight, and 
solubility.

This product may contain insoluble, highly N-acety- 
lated fractions, which derive from the core of the parti
cles due to the heterogeneous deacetylation. GlcNAc in 
the acid-soluble fractions is random ly distributed, 
whereas the insoluble fractions contain relatively long 
blocks of N-acetylated units [72].
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The Protan Lab. Inc. (USA) offers premium industrial 
grade of chitosan with prices ranging from 16 to 25 
USD/kg, whereas industrial grade is available from 15 
to 20 U SD/kg [73]. Heppe GmbH (Germany) offers tech
nical chitosan with various physicochemical properties 
at price not lower than 5 U SD/kg [74]. The Silver Sea 
Marine Products (India) offers industrial grade chitosan 
at a price higher than 30 USD/kg [75], and Japanese 
companies at prices not lower than 30— 40 USD/kg [76], 
whereas the Sea Fisheries Institute, Gdynia (Poland) of
fers krill chitosan from small-scale production at prices

easily recovered from fermentation baths and may be 
used again by means of multiple treatments.

The preparation of cross-linked chitosan m icro
spheres coated with anionic polysaccharides or lipids for 
drug delivery systems has been reported [87]. The idea 
of the layer coating using chitosan and its anionic de
rivatives was applied for preparation of polyelectrolyte 
micro- and nanoencapsules [88]. Encapsulation may be 
useful for preparation of drug with controlled release 
and as a protein carrier or for the preparation of non-vi- 
ral vectors [89].

T a b l e  2. Typical properties of commercial chitosan manufactured by Heppe GmbH (Germany) [12]

Degree of 
deacetylation, % 75—80 80—85 85—90 80—85 85—90 85—90 >90 85—90 < 8 5

Viscosity, cps 200—300 500—600 500—600 800—1000 600—800 400—600 150—200 200—300 100— 150

Water content, % < 10 < 10 <10 < 10 < 10 <10 <10 < 10 —

Ash content, % <0.5 <0.5 <0.5 <0.5 <0.5 0.5— 1 0.5— 1 < 1 1

Color [Gardner] — — <2 < 2 — — < 2 <2 —

Heavy metals, ppm <30 < 10 <10 <10 < 10 <10 < 20 <20 —

Calcium, % <1 <1 <0.5 <0.5 <0.5 0.5—1 0.5— 1 0.5— 1 —

Protein,% 1.0—2.0 <0.5 < 1 0.5— 1 0.5— 1 <1 0.5— 1 0.5—1 —

not lower than 70— 100 USD/kg [77]. The potential mar
kets for chitin and chitosan are Japan, USA, UK, France 
and Germany. The market in the year 2000 was projected 
to be worth 2 billion USD. Japan is considerably ad
vanced in the technology and commercialization of chi
tosan —  the market in this country absorbs about 600— 
700 tons chitosan per year [78].

Specific properties of the commercial chitosan flakes 
distributed by Heppe GmbH (Germany) are shown in 
Table 2.

C H ITO SA N  BEADS

Chitosan beads are usually prepared by dropping 
high-viscosity chitosan salt solutions (acetate, maleate, 
citrate, chloride, etc.) into a basic solution with slow agi
tation [79, 80]. The diameters of drops as well as the 
stream o f solution control diameter o f the beads. 
Chemical and mechanical behavior of beads (solubility, 
mechanical resistance, and sorption behavior) are en
hanced by crosslinking with bifunctional compounds 
[81], such as glutaraldehyde [9, 52, 82, 83], glyoxal [83], 
terephthaloyl chloride [84], hexamethylene diisocy
anate [84].

The beads may be applied to the recovery of liquid 
wastes, heavy metal ions [16, 61], as chromatographic 
support [85] or for immobilization processes [46]. Inter
esting forms of chitosan beads manifesting a magnetic 
behavior [86] are prepared by the addition of iron oxide 
(magnetite) before bead formation. Such beads are more

CHITOSAN FIBRES AN D  TEXTILE CONTAINING  
CHITOSAN

Chitosan fibres are prepared according to several 
methods [66—68], but most frequently an acetic acid so
lution of chitosan for the spinning process is used. Me
chanical behavior of fibres is improved by cross-links 
with the bifunctional compounds, similar as for films 
and beads. Prepared fibres showed better ability to use 
most commercial conventional chitosan, continuous or 
staple forms, controlled biodegradability and bioactiv
ity, and were prepared by relatively simple technology. 
However, fibres containing chitosan are usually friable 
[11]. The application of special additives both to the spin
ning solution and coagulation bath allows to controll a 
modification of the supermolecular structure of chitosan 
and, consequently, to modify the biodegradability and 
bioactivity of fibres [90].

The possibility to coat textile fibres (natural or man
made) with chitosan by means of impregnation im
proves the mechanical properties of such treated textiles; 
their staining behavior, water resistance, electroconduc
tivity, and adds bioactive, as well as bacteriostatic beha
vior [12]. The impregnation of textiles may be processed 
by spraying, foularding or the introduction of chitosan 
(in the form of xanthate salts or solid microparticles) to 
viscose [90].

Use of microcrystalline chitosan (MCCh) gel-like dis
persion gives many advantages, such as reduction of the 
textile coating procedure, absence of chitosan regenera-



398 POLIMERY 2002, 47, nr 6

tion processes, and reduced liquid wastes after impreg
nation using chitosan solution [12]. It was reported [88] 
that the adhesion of chitosan to wool fibre is weaker than 
to cellulose fibres. This phenomenon depends mainly on 
the ionic interaction between carboxyl groups of wool 
and amine groups of chitosan as well as on hydrogen 
linkages. However, chitosan dissolution in the dye-bath 
has been found during the process of dyeing. The reac
tion of hydroxyl groups of chitosan with reactive dye
stuff in alkaline medium yields a stable coloration of the 
impregnated textile. The increase in dyeing intensity of 
the fabric after impregnation with MCCh gel-like disper
sion was noted.

MICROCRYSTALLINE C H ITO SA N  (MCCh)

Microcrystalline chitosan is a newly available form of 
the product, existing as gelatinous water dispersion or 
powder [14,15, 91]. It is prepared by the precipitation of 
polymer from an acidic aqueous solution into a sodium 
hydroxide solution as a coagulation agent (Scheme 1.).

Scheme 1. Preparation of microcrystalline chitosan [14] (DP
—  degree of polymerization; WRV —  water retention value; Ix
—  index of crystallinity; Eh  —  energy of hydrogen bonds 
detected by FTIR [92].

The gelatinous dispersion, with much higher WRV 
coefficient and higher crystallinity than initial chitosan is 
a consequence of this process. In principle, there is some

similarity to the production of microcrystalline cellulose 
(MCC) from diluted viscose. However, the formation of 
MCC by coagulation of cellulose xanthate and regenera
tion of cellulose is only to some extent comparable to the 
phenomena, which takes place during MCCh aggrega
tion. The process of MCCh preparation by the coagula
tion under alkaline conditions involves a number of phe
nomena, such as neutralization, coagulation, and aggre
gation of polymer chains. These processes lead to the 
specific behavior of the product and are mainly respon
sible for its molecular and supermolecular structure dif
fering from the raw substrate. It may be assumed that 
the properties of MCCh depend on several parameters of 
the preparation process, such as properties, origin, con
ditions of the degradation process, conditions prevailing 
during aggregation procedures, parameters of drying, as 
well as the presence of electrolytes [12].

Several useful properties of MCCh are unique and 
partially resulting from the standard chitosan used for 
its manufacture, such as:

—  high water retention behavior (WRV ranged from 
500 to 5 000%),

—  high adhesiveness,
—  ability to form powerful hydrogen bonds,
—  chelating and sorption properties,
—  direct film-forming behavior (film preparation di

rectly from aqueous dispersion of MCCh),
— high stability of aqueous dispersion,
— controlled biodegradability, higher susceptibility 

to hydrolytic degradation,
— non-toxicity,
—  good miscibility,
—  high tolerance for solvent exchange,
—  high chemical reactivity, bioactivity, including bac

teriostatic properties, and biocompatibility [11].
The most important and extraordinary property of 

MCCh seems to be its direct film-forming behavior just 
from aqueous dispersion [93]. Films obtained in this 
process show excellent adhesion to different types of 
surface, good elasticity, and water-resistance [92,94]. Mi
crocrystalline chitosan, especially in the form of gel-like 
dispersion, can be effectively applied as an auxiliary 
agent with bioactive action to modify cosmetics: sham
poo, liquid soap or bath foam. It was applied as a thick
ener and viscosity regulator, softener, stabilizer, skin 
a n d /o r  hair-protecting agent, bioactive agent with 
fungi- and bacteriostatic properties, and as a controlled 
release carrier [13].

The drawback of standard chitosan application as a 
binding agent for non-wovens (see section on fibre coat
ing applications) is necessity to carry out the conversion 
of chitosan polymer salts containing water by treatment 
with alkali. The use of MCCh solves this dilemma, and 
with its direct film-forming behavior enhances the pro
perties of non-wovens [93]. The direct introduction of 
MCCh to viscose has solved the problem of controlled 
bioactivity of the modified viscose fibres [12]. Special
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properties of such fibres make them suitable for fabrics 
and non-wovens in standard applications as well as in 
special uses in medical, pharmaceutical or cosmetic 
products.

At pH = 7.0, standard chitosan is relatively low effec
tive for the chelation of metal ions, sorption of dyes and 
pigments and ion exchange, but the application of 
MCCh shows an increase in the range of pH in which 
MCCh is a sufficient chelating agent. It was found that 
MCCh is effectively combined with metal ions in media 
beyond pH=6.5 and remains effective at lower pH, simi
larly to a standard chitosan [95].

Enhanced sorption behavior of MCCh permits to in
corporate bioactive compounds into the chitosan struc
ture, as well as to prepare suitable controlled release 
(CR) forms, playing an important function in medical 
and pharmaceutical applications.

The different forms of CR agents showed specific re
lease efficiencies depending on the conditions applied 
during production [14]. Introduction of Lewis-acid type 
bioactive compounds proceeds by a solvent exchange 
process involved in the incorporation of these com
pounds into the chitosan structure, as well as by forming 
powerful bonds with the polymer.

The high affinity of MCCh for the bonding of protein 
has been applied in the preparation of a MCCh complex 
with casein or keratin using various MCCh:protein ra
tios. These complexes, especially with casein, show an 
increase in sorption of water and improvement of direct- 
-film behavior. The above properties have been led to 
application in preparation of films and as a modifier for 
improving wet-strength of paper sheets [27, 96].

C H ITO SA N  FILMS

An aqueous solution of chitosan salts very easily 
forms transparent films, which may be regenerated to 
chitosan films by treatment with an alkali solution. 
Such films show high water absorbance, biocompatibil
ity and permeability to oxygen, biodegradability, con
trolled release behavior, high reactivity, electrochemical 
properties, high strength and elasticity [97]. However, 
flexible and transparent films are about as water perme
able as cellophane films, whereas their conductivity is 
similar to that of organic crystals. The possibility to 
form the films directly on the skin makes it applicable in 
treating wounds and burns [98]. The change in the be
havior of films by the introduction of bioactive compo
nents enhances its application as a useful material in 
medical agent preparations, characterized by higher 
durability and susceptibility to degradation by human 
enzymes. The crosslinking properties of chitosan film 
are used for improvement the film behavior and for the 
introduction of modifying agents. However, such m odi
fication causes an increase in permeability and a de
crease in mechanical properties, especially elasticity [99, 
100]. Water vapor transmission rate of calcium chloride

cross-linked films containing glutamate and alginate 
linearly decreases with the increase in concentration of 
crosslinking agents [101]. Muzzarelli [4] prepared chi
tosan films containing collagen or gelatin, increasing 
their elasticity by treatment with tyrosinase in the pres
ence of phenol. In addition, crosslinking with poly(glu- 
tamic acid) to increase the polyionic behavior as well as 
water sorption parameters was examined [102]. The chi- 
tosan-cellulose composite films based on blends of mi
crofibril cellulose and chitosan show a high dry and wet 
tensile strength, com pletely decom pose in soil or 
seawater, and manifest relatively high biodegradability 
by Pseudomonas sp. H-14 producing cellulase [103]. This 
type of combined film can be used as a rolled composite 
film, binder film for dry non-woven fabrics, biodegrad
able foams, and in medical material such as wound 
dressings.

The use of N,0-carboxymethylchitin films to pre
serve fruits over prolong periods has been applied in 
Canada and USA because of higher film permeability to 
oxygen and water, depromoting fungal growth [104, 
105]. Many authors announced the preparation of chi
tosan laminated films with various polysaccharides such 
as: pectin [106], methylcellulose [107] or blends with vis
cose rayon [108].

MCCh is distinguished by its film-forming behavior 
directly from its aqueous dispersion, making the prepa
ration process of film more direct, faster, and cheaper, 
finding important use in medicine. The film formed 
from MCCh gel-like dispersion maintains the behavior 
of MCCh [11].

Application of a plasticizing agent, which interferes 
with the hydrogen bonds between the polymer chains 
stimulates formation of MCCh films. This phenomenon 
increases the flexibility of the chains and facilitates their 
relocation. Improvement in the degree of chain ordering 
and the hydrogen linkages between the plasticizer and 
biopolymer hydroxyl group during removal of water re
sults from the tight packing of the macromolecules [109]. 
The addition of low molecular weight compounds, i.e. 
glycerol, causes augmentation of the elastic behavior of 
formed films; however their crystallization at low tem
perature is one of the disadvantages of glycerol, limiting 
the application of plasticized chitosan films at low tem
perature.

The structure of films formed from chitosan signifi
cantly differs depending on their origin. The existence of 
more ordered areas and amorphous regions was con
firmed. Films with low degree of crystallinity formed 
from high-molecular polymers show better mechanical 
durability.

C H ITO SAN  IN PAPERM AKING

The use of chitosan and its derivatives to improve 
so-called wet-strength of paper sheets is more specific 
type of application.
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Standard paper is held together by hydrogen bonds 
[24, 110, 111]. The bonds must span the range between 
separate segments of fibres that together make the inter
fibre bonding area. Although several water molecules 
may or may not be an integral part of the interfibre link
age, it is certain that presence of larger quantities of 
water has a disruptive effect on paper cohesion. This 
could be explained by the fact that excess water can dis
rupt the existing interfibre linkages. Hydrogen bonding 
sites on the fibre surface are then fully occupied by water 
molecules, which are in turn hydrogen bonded to such a 
large excess of free water that the fibres can now be re
garded as linked by a macroscopic fluid bridge. The 
weakness of this bridge is manifested by the so-called 
wet strength of paper [112].

A number of polymeric materials have been devel
oped in attempt to improve this parameter. These in
clude urea- as well as melamine-formaldehyde conden
sates, epoxy-containing polyamides, cationic polyacry
lamides, and polyethyleneimines. Polyethyleneimines 
(PEI) [113] are the most extensively investigated wet 
strength agent. These high molecular weight molecules 
are globular polyamines containing primary, secondary 
and tertiary amino groups. However, they do not show 
film-forming behavior and exhibit little tensile strength 
in bulk. Cellulose pulp containing many acidic sites due 
to the oxidation of this polymer or to the presence of 
lignin or hemicellulosic residues can be efficient in 
forming ionic bonds and hydrogen linkages with the 
basic polyethyleneimine. It is assumed that an excess of 
water will not rupture these ionic bonds. In addition, 
covalent bonds between aldehyde and amino groups 
may be formed by Schiff's bases, leading to amide 
groups derived ammonium salts at high temperature 
[95]. Other derivatives, as aldehydes, formaldehyde, 
glyoxal, and polyacrolein impart wet strength obviou
sly due to the formation of acetal linkages. The applica
tion of small bifunctional compounds, e.g. toluene diiso
cyanate, causes the formation of carbamate linkages on 
exposure to the alcoholic hydroxyl group of the cellu
lose fiber surface [114]. Other derivatives used to im
prove the mechanical properties of paper are shown in 
Table 3.

Moreover, the addition of a polycationic substance 
results in bridging flocculation of anionic cellulose fi
bres, which are separated by shearing forces to obtain 
the bridge stabilized system. If additional anionic agent 
is added (i.e. first or second generation colloidal silica 
system), the particles are flocculated again improving 
fibre and filler retention, giving better dehydration rate 
and mechanical strength of paper [115].

A potential additive should meet the following con
ditions:

—  be soluble in an aqueous solution for easy applica
tion within a conventional papermaking system,

—  be substitute of a cellulose with regard to effi
ciency of retention,

—  be compatible regiospecificially with cellulose sur
face and not cause disruption of conventional hydrogen 
linkages,

—  have large enough molecular weight to give facili
tate creation of interfibre bonds,

T a b l e  3. The chemistry of wet strength treatment for paper [116]

Treatment Nature of 
crosslinking group

Structure of 
crosslinking group

Heat Hydroxyl
Carboxyl

-CH2OH
-COOH

Parchmentizing
(H2SO4)

Hydroxyl
Carboxyl

-CH2OH
-COOH

Urea-formaldehyde resin Methylolamide -NHCH2OH

Melamine-formaldehyde
resin Methylolamine -NHCH2OH

Glycidylated 
polyaminoam ide Glycidylamine

О
\  л
/ n - c h 2c h - c h 2

Polyethyleneimine p-, s-, f-amine r 2n , r 2n h , r n h 2

Cationic polyacrylamide Amine -n h 2

Protein Amine
Carboxyl

-n h 2
-COOH

Carboxyled polymers Carboxyl -COOH

Formaldehyde Aldehyde HCHO

Glyoxal Aldehyde с н о с н о

Polyacrolein Aldehyde -CHO

Dialdehyde stretch Aldehyde -CHO

Diisocyanates Isocyanate -NCO

Inorganic hydroxides Inorganic hydroxyl -M(OH)„

Neoprene latex Chlorine =CHC1

—  be film-forming to offer cohesive resistance to rup
ture,

—  contain a functional group capable for ionic or co
valent reaction with cellulose pulp during the formation 
of paper,

—  be linear to allow accessibility to all functional 
groups,

— not contain any potential chromophoric groups 
which later impart color to the sheet,

— be non-toxic and biodegradable in order to facili
tate compliance with environmental regulations,

— not create problems in the repulping and recycling 
of paper [113].

Chitosan meets all of the above-mentioned condi
tions. The use of chitosan in the papermaking industry 
was first reported in 1936 [113], and several authors have 
continued to pay attention to this area [113, 117— 119]. 
The use of chitosan as a binding agent of fibre strands of 
microbially produced cellulose is another interesting ap
plication. The cellulose has been synthesized by certain
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strains of microorganisms of the genus Acetobacter and 
the effective binding of fibres or fragments of material by 
chitosan resulted in improving wet and dry tensile 
strength of bonded material [120]. Presence of chitosan 
within the paper coating results in an improved friction 
of paper [121]. The effect of chitosan acetate and hydro
chloride and water-soluble chitin addition to pulp sus
pension subjected to sizing with alkylketene dimmers 
(AKD) in alkaline papermaking process were studied 
[121]. Chitosan salts show the most significant effect on 
sizing and AKD retention. Increase in cationic surface 
charges of AKD emulsion particles by chitosan mole
cules may result in higher retention of AKD. Chitosan as 
1 wt. % aqueous solution in acetic acid was used in the 
past as a surface treatment of various papers such as 
newsprint, printings, maps, etc. [123] to increase their 
breaking strength, burst resistance, and folding endu
rance without any effect on brightness [124]. Chitosan is 
a compatible binder with paper pulp and looks to be 
superior for polyacrylamides as a film former. It is also 
useful as a filler in the preparation of coatings for litho
graphic paper plates, which accept and hold water and 
ink [125]. Clays coated with chitosan have been used in 
paper manufacturing to increase printing capacity. Soft
wood bleached kraft pulp slurries have been mixed with 
chitosan salts and epoxidized polyamides to prepare pa
per with good dry and wet strength. Chitosan is also 
used as a flexibilizer of paper sheets applied for the pro
duction of packing materials [126] comprising core la
yers of paper or paperboard or a polymer [127]. A barrier 
layer of polyvinyl alcohol and/or chitosan is placed be
tween the core layer and outer layer, preferably contain
ing plastic polyethylene.

The special quality of moisture holding with cationic 
behavior of this biopolymer increases the yield of an
ionic paint sprayed during electrostatic painting of 
wood-based materials. In addition, chitosan painted on 
plywood reacts with formaldehyde released from the 
glueline to form Schiff's bases [128]. Chitosan is capable 
to increase the number of interfibre bonds because of its 
chemical similarity to cellulose. Chitosan can form low 
energy hydrogen bonds not only between hydroxyl 
groups, but also between hydroxyl, groups and amino 
groups or between amino groups. This allows to use of 
non-ionic fibre surfaces efficiently [129]. The idea of mi
crocrystalline chitosan use as a binder for paper is based 
on its three main attributes, i.e.:

—  direct film-forming behavior,
—  highly adhesive behavior,
— possibility of modification by compounds, which 

increase biodegradability, bioactivity, biocompatibility, 
etc. [11].

The above behaviors, in connection with special 
properties of microcrystalline chitosan such as bioacti
vity, controlled biodegradation or biocompatibility, 
have created a modern binding agent for paper and 
non-wovens made of different types of fibres or their

blends e.g. polyester, polyamide, polyacrylonitryle, cot
ton, wool, or viscose fibres. The useful properties of 
MCCh were applied in preparation of paper sheets by 
means of direct introduction of MCCh with or without 
protein or by precipitation of MCCh. Application of 
MCCh as a paper additive at 0.5 to 10 wt. %, also in a 
presence of protein, resulted in preparation of paper 
sheets exhibiting improved mechanical properties, es
pecially high relative humidity. Paper sheets containing 
MCCh with or without protein can be used to prepare 
unique packing materials showing very good mechani
cal properties, controlled biodegradability and possible 
bioactivity [27].

An alternative method of the preparation of paper 
sheets by the addition of chitosan and its blends with 
polyvinyl alcohol (PVA) and starch was proposed by 
Mucha et al. [130,131]. Paper sheets have been prepared 
by coating formed blotters or by introduction into cellu
lose pulp 1— 10 wt. % of polymeric composition. The 
product obtained shows remarkably increased breaking 
strength, when relatively low quantities of PVA were 
used. Also, better mechanical strength is obtained, if 
blotters were coated by chitosan salt with or without 
PVA as compared with the introduction of chitosan salt 
before sheet formation.

Chitosan in a variety of forms has been applied in the 
purification of pulp and paper industrial wastewater for 
removal of lignin, giving yields not less than 90% for 
removal of black liquor coloring and 70% for the de
crease in total organic carbon (TOC) [132].

CO NCLU SIO N S

There is an increasing interest in the application of 
chitosan and chitin in a wide range of the technologies, 
taking advantage of their special properties such as: bio
compatibility, biodegradability, reactivity, non-toxicity, 
adsorption properties, etc. Production costs of chitin and 
its derivatives continue to be the prime factor limiting 
more widespread applications of these substances.

REFERENCES

[1] Struszczyk M. H.: Polimery 2002, 47, nr 5, p. 316. 
[2] Protan Laboratories Commercial Material, 1997. [3] 
Kurita K., Sannan T , Iwakura Y. :}. Appl. Polym. Sci. 1979, 
23,511. [4] Muzzarelli R. A. A.: "Chitin Handbook" (Eds.
R. A  A. Muzzarelli, M. G. Peter), Atec Edizioni, Italy 
1998, p. 47. [5] Uragami T: ibid, p. 451. [6] ChitPearl 
Commercial Material, 1992. [7] Kulak Z., Niekraszewicz 
A., Struszczyk H.: Polimery 2001, 46, 48. [8] Quong D., 
Groboillot A., Darling G. D., Poncelet D., Neufeld R. J.: cf
[4], p. 405. [9] Guibal E., Milot C., Roussy J.: cf [4], p. 423.
[10] Urbańczyk G., Lipp-Symonowicz B., Jeziorny A., 
Dorau K., Wrzosek H., Urbaniak-Domagala W., Kowal
ska S.: "Progress on Chemistry and Application of Chitin



402 POLIMERY 2002, 47, nr 6

and its Derivatives", Vol. 3 (Ed. H. Struszczyk), Łódź 
1997, p. 186— 187.

[11] Struszczyk H.: cf [4], p. 437— 440. [12] Struszczyk
H.: cf [4], p. 441. [13] Bodek К. H.: Polimery 2000,45,818.
[14] Struszczyk H., Kivekas O.: British Polym. J. 1990, 23, 
261. [15] Polish Patent 125 995 (1981). [16] Hirano S.: Scie
nce 1996,212,237. [17] Baba Y., Kawano Y, Hirakawa H.: 
Buli. Chem. Soc. Jpn. 1996, 69,1255. [18] Shahidi E: Trends 
Food. Sci. Technol. 1999,10,37. [19] Bailey S. E.: Water Res.
1999, 33, 2469. [20] No H. К., Meyers S. P., Lee К. S.:
J. Agrie. Food Chem. 1989, 37, 575.

[21] Yoshida H., Okamoto A., Kataoka T.: Chem. Eng. 
Sci. 1993, 48, 2267. [22] Pellegrino J. J., Geer S., Maegley
K. , Rivera R., Steward D., Ко M.: Ann. N. Y. Acad. Sci., 
Biochem. Eng. 1990, 589, 229. [23] Lee Y. M., Nam S. Y., 
Woo D. J.: J. Membr. Sci. 1997,133,103. [24] Allan G. G., 
Neogi A. N.: Cell. Chem. Tech. 1974,8,297. [25] Jpn. Patent 
63 189 859 (1988). [26] U.S. Patent 2 712 507 (1955). [27] 
Struszczyk M. H., Loth F., Peter M. G.: "Advance in Chi- 
tin Chemistry", Vol. IV (Eds. M. G. Peter, A. Domard, R. 
A. A. Muzzarelli), Uni. Potsdam, Potsdam, Germany,
2000, p. 128— 135. [28] Oungbho K„ Muller B. W.: Int. J. 
Pharm. 1997,156,229. [29] Prodas-Drozd E, Gwiezdinski 
Z.: cf [10], p. 99. [30] Kucharska M., Niekraszewicz A., 
Struszczyk H., Bursig H.: c f[  10], p. 141— 153.

[31] Yihua Y. U., Binglin H. E.: Artif Cells Blood Substit 
Immobil Biotechnol. 1997,25,445. [32] Veroni G., Veroni E, 
Contos S., Tripodi S., De Bernardi M., Guarino C., Mar
ietta M.: "Chitin Enzymology", Vol. 2 (Ed. R. A. A. Muz
zarelli), Atec Edizioni,, 1996, p. 63— 68. [32] Jameela S.
R., Latha P. G., Subramoniam A., Jayakrishnan A.: 
J. Pharm. Pharmacol. 1996, 48, 685. [34] Guminska M., Ig- 
nacak J., Kedryna T., Struszczyk H., cf [10], p. 124— 132. 
[35] Kim S. S., Lee Y. M., Cho C. S.: Polymer 1995, 36, 
4497. [36] Kochańska В.: cf [10], p. 103— 108. [37] Shaha- 
beddin L., Damour O., Berthod E, Rousselle P., Saintigny
G., Collombel C.: J. Mater. Sci.: Mater. Med. 1991, 2, 222.
[38] Yu G., Xu G., Zou H.: C-MRS Int. Symp. Proc., Vol. 3 
(Ed. Feng, Hanbao) North-Holland, Amsterdam, 1991, 
p. 305— 315. [39] Akbuga ]., Bergisadi N.: J. Microencap- 
sulation 1996,13,161. [40] Bodek K. H.: c/ [10], p. 109.

[41] Jpn. Patent 92-257696 920928 (1995). [42] Tsigos I., 
Martinou A., Kafetzopoulos D., Bouriotis V: TIBTECH 
2000, 618,305. [43] Jpn. Patent 63-161001 88161001 (1988).
[44] Jpn. Patent 94-349661 941205 (1994). [45] Muzzarelli
R. A. A.: "Chitin and Chitosan" (Eds. G. Skjak-Braek, T. 
Anthonsen, P. Standford), Elsevier Applied Science, 
New York 1989, p. 87—99. [46] Itozawa T., Kise H.: J. Fer
ment. Bioeng. 1995, 80, 30. [47] Martino A., Pifferi E, 
Spagna G. G.: Process Biochem. 1996, 31, 287—293. [48]
U.S. Patent 5 116 747 (1992). [49] Siso M. I. G., Lang E„ 
Carreno-Gomez B., Becerra M., Espinar E O., Mendez 
J. B.: Process Biochem. 1997,32,211. [50] Senstand C., Mat- 
tiasson B.: Biotech. Bioeng. 1989,34,387.

[51] Gualtieri R, Barsanti L., Passarelli V: Ann. Inst. 
Pasteur/Microbiol. 1988, 139, 717. [52] Freeman A., Dror 
Y.: Biotechnol. Bioeng. 1994, 44, 1083. [53] Ohashi E.,

Karube I.: Fish. Sci. 1995, 61, 856. [54] Kurauchi Y., Ohga
K.: cf [4], p. 431. [55] Pospieszny H., Giebel J.: "Chitin 
Enzymology" Vol. 2 (Ed. R. A. A. Muzzarelli), Atec Edi
zioni, Italy, 1997, p. 379—383. [56] Hadwiger L. A., Fris- 
tensky B., Riggleman R. C., "Chitin, Chitosan and Re
lated Enzymes" (Ed. J. P. Zikakis), Academic Press, 1984, 
p. 291— 302. [57] Struszczyk M. H., Pospieszny H., 
Schanzenbach D., Peter M. G.: Polish-Russian Chitin 
Monograph (Ed. H. Struszczyk), Lodz, 1999. [58] Pol. 
Patent 141 381 (1988). [59] Teixeira M., Paterson W. P, 
Dunn E. J., Li Q., Hunter B. K., Goosen M. F. A.: Ind., Eng. 
Chem. Res. 1990, 29,1205. [60] Illum L.: Pharm. Res. 1998, 
15,1326.

[61] Hsien T.-Y, Rorrer G. L.: Sep. Sci. Technol. 1995,
30, 2455. [62] Seo T., Kantabara T., Iijima T.: J. Appl. Po
lym. Sci. 1988,36,1443. [63] Jpn. patent 63169975 88169975 
(1988). [64] Jpn. patent 62297365 877297365 (1987). [65] 
Dodane V , Vilivalam V: Pharm. Sci. Technol. Today 1998,
I, 246. [66] Jpn. Patent 60159123 (1981). [67] East G. C :
J. Appl. Polym. Sci. 1993, 50, 1773. [68] Struszczyk H.: 
"Chitin World" (Eds. Z. S. Karnicki, M. M. Brzeski, P. J. 
Bykowski, A. Wojtasz-Pajak) Verlag fiir Neue Wis- 
senschsft, Bremerhaven 1994, p. 542. [69] Muzzarelli R. 
A. A.: "Chitin", Pregamon of Canada Ltd., Toronto 1977.
[70] King G. A., Daugulis A. J., Faulkner P, Bayly D., 
Goosen M. F. A.: Biotech. Bioeng. 1989, 34,1085.

[71] Uragami T.: cf [45] 783— 792. [72] Ottoy M. H., 
Varum К. M., Smidsrod O.: Carbohyd. Polym. 1996, 291,
17. [73] Protan Laboratories Information Sheet, 1996—
1999. [74] Heppe GmbH's Offer, www.biolog-heppe.de, 
author's own informations, 2001. [75] Silver Sea Marine 
Product's Offer, 1998. [76] Proceedings of 4th Interna
tional Conference on Chitin/Chitosan, Trondheim, Nor
way, Princeton, USA 1988. [77] Author's own informa
tions, 1995. [78] InfoFish, Shrimp Wastes Utilisation, 
Technical Handbook, 1997. [79] Kawamura Y., Yoshida
H., Asai S., Kurahashi L, Tanibe H.: Sep. Sci. Technol. 
1997, 32, 1959— 1974. [80] Fin. patent 93-4616 931019
(1995).

[81] Hayashi T., Ikada Y , Itoyama K., Tanibe H.: Pro
ceedings from 4th World Biomateriał Congress, Berlin 
1992, p. 369. [82] Griethuysen-Diblber E., Flaschel E., 
Renken A.: Process Biochem. 1988, 4, 55. [83] Braun J., Le 
Chanu P, Le Goffic E: Biotech. Bioeng. 1989, 33, 242. [84] 
Groboillot Q. D. A., Darling G. D., Poncelet D., Neufeld 
R. J.: cf [4], p. 405. [85] Itoyama K.: Gekkan Fudo Kemikaru 
1996,12, 19. [86] Hisamatsu M.: cf [4], p. 411. [87] Yao K. 
D., Peng T., Yu J. J., Xu M. X., Goosen M. F. A.: Rev. 
Macromol. Chem. Phys.1995, C35, 155. [88] Donath E., 
Voigt A., Sukhorukov G. B., Moya S., Struszczyk M. H., 
Móhwald H., Peter M. G.: 3rd International Conference 
of the European Chitin Society, Potsdam, Germany, Aug.
31. —  Sept. 3,1999. [89] Ravi Kumar M. N. V: Reactive & 
Functional Polymers 2000, 46, 1. [90] Struszczyk H.: 
J. Appl. Polym. Sci. 1987, 33,177.

[91] Gajdziecki B., Mozyszek Z., Struszczyk H., Ocz- 
kowski M., Rybicki E.: "Progress on Chemistry and Ap

http://www.biolog-heppe.de


POLIMERY 2002,47, nr 6 403

plication of Chitin and its Derivatives", Vol. 1 (Ed. H. 
Struszczyk) 1995, p. 106— 117. [92] Struszczyk M. H.: 
PhD thesis, Herstellung von Chitosan und einge An- 
dewendungen, Uni. Potsdam, Potsdam, Germany 2001, 
http:// p u b .u b .u n i-p otsd a m .d e /2 0 0 1 /0 0 0 8 /stru sz - 
czyk.pdf. [93] Struszczyk H., Kivekas O.: "Medical Ap
plication of Chitosan", Monography, Tampere, Finland 
1990— 1992. [94] Struszczyk H., Kivekas O., Niekrasze- 
wicz A. Urbanowski A.: TextilTech Conference, Frank
furt, Germany 1993. [95] Allan G. G., Fox J. R., Crosby G. 
D., Sarkanen K.V.: "Fibre-Water Interactions in Paper
making", Fundamental Research Commitee, London 
1978, p. 765— 793. [96] Struszczyk M. H., Loth E, Peter 
M. G.: "Progress on Chemistry and Application of Chitin 
and Its Derivatives", Vol. 5 (Ed. H. Struszczyk) Lodz, 
Poland 1999. [97] Burkinshaw S. M., Karim M. E: }. Soc. 
Leather Technologists and Chemists 1991, 75, 203. [98] 
Rawls R. L.: Technology 1984, 145, 42. [99] Kittur E S, 
Kumar K. R., Tharanathan R. N.: Zeitschrift Fur Le- 
bensmittel Untersuchung Und Forschung A Food Research 
And Technology 1998, 206,44. [100] Andrady A. L„ Xu R: 
}. Polym. Sci., Part B: Polym. Phys. 1997, 35,517.

[101] Remunan-Lopez C., Bodmeier R.: J. Controlled 
Release 1997, 44, 215. [102] Ichikawa T., Araki C., Naka- 
jima T.: Kobunshi Ronbunshu 1991, 48, 789. [103] Kita
gawa R., Mishiyama M., Hosokawa J., Kubo T., Yoshi- 
hara K., Endo T., Kabeya T. H.: Shikoku Kogyo Gijutsu 
Kenkyusho Hokoku 1995, 27, 28. [104] Davis D. H., Elson
C. M., Hayes E. R.: cf [45], p. 467—472. [105] Shahidi E, 
Arachchi J. К. V., Jeon Y. J.: Trends in Food and Science & 
Technology 1999, 10, 37. [106] Holand P. D., Parris N.: J. 
Agric. Food Chem. 1996, 44, 1915. [107] Chen M., Yeh G.
H., Chiang B.: J. Food Proc. Preserv. 1996, 20, 379. [108] 
Guan Y , Liu X., Fu Q., Li Z., Yao K.: Carb. Polym. 1998, 
36, 61. [109] Briston J. H.: "Plastic films", The Plastic 
Institute, ILIFFE Books, London 1974, p. 63— 82. [110] 
Corte H. K.: "Composite Materials" (Ed. L. Holiday), El
sevier Publishing Co., Amsterdam 1965, p. 490— 495.

[Ill] Nissan A. H.: "Surface and Coatings Related to 
Paper and W ood" (Eds. R. H. Marchessault, C. Skaar),

Syracuse University Press, Syracuse, NY 1967, p. 
221— 228. [112] Hettche A.: "Effectstoffe", BASF Ak- 
tiengeselschaft 1997, p. 58—60. [113] Allan G. G., Crosby
G. D., Sarkanen К. V., Proceedings of the 1975 Interna
tional Paper Physics Conference, Technical Association 
of the Pulp and Paper Industry, Inc., Atlanta, USA 1975, 
p. 109— 115. [114] Donnelly H. E: "Wet Strength in Paper 
and Paperboard" (Ed. J. P. Weidner), Tappi Monograph 
Series 1965, 29, p. 105— 115. [115] Harms M., Przegląd 
papierniczy 2000, 672 (8), 437— 439. [116] Allan G. G., Fox 
J. R., Crosby G. D., Sarkanen К. V.: Fibre-Water Interac
tions in Paper-Making, ed. Fundamental Research Com
mitee, London 1978, p. 765— 793. [117] Allan G. G.: "The
ory and Design of W ood and Fiber Composte Materials" 
(Ed. B. A. Jayne), Syracuse University Press, Syracuse, 
USA 1972, p. 299—308. [118] Allan G. G., McConnell W. 
J., Ong C.: Symposium Papers, Third Technical Sympo
sium, N onwoven Products Technology, International 
N onwovens and Disposable Association, New York 
1975, 109— 121. [119] U.S. Patent 5 827 610 (1997). [120]
U.S. Patent 5 207 826 (1993).

[121] U.S. Patent 5 998 026 (1998). [122] Hasagawa M., 
Isogai A., Onabe E: }. Pulp and Paper Sci. 1998, 23, 528.
[123] Lower E. S.: Manufacturing Chemist 1984, 10, 47.
[124] Proc. Symp. Man-made Polym. Paper Making, 
1972, 85. [125] GB 930765 (1963). [126] World Patent WO 
9723390 A1 970703. [127] Wieczorek A., Mucha M., "A d
vance in Chitin Science" Vol. 2 (Eds. A. Domard, G. A. F. 
Roberts, К. M. Varum), Jacques Andre Publisher, Lyon 
1997, p. 890—896. [128] Sato K., Ota H., Omura Y: ibid, 
p. 897— 901. [129] Brien F. S.: BS thesis, University Wa
shington 1979. [130] Marszalek J., Mucha M., cf [96], 
p. 143— 156.

[131] Miskiewicz D., Mucha M.: "Progress on Chem
istry and Application of Chitin and its Derivatives", Vol. 
6 (Ed. H. Struszczyk), Lodz 2000, 51— 62. [132] Gandji- 
doust H., Tatsumi K., Yamagishi T., Gholian R. N.: Wat. 
Sci. Tech. 1997, 35 (2—3), 291.

Received 3 V I2001.


