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Abstract
A method is presented  for the preparation of collagen-modified chitosan fibres (Chit/Col) 
from chitosan-collagen solutions. The fibres may be used in the construction of scaffolds. 
Chitosan solutions with a concentration of 5.21% in an aqueous 3.0% acetic acid solution 
with the addition of glycerol were mixed with aqueous solutions of collagen. The applied 
chitosan was derived from the northern shrimps (Pandalus borealis) and the collagen from 
calf hide. The usability of chitosan and collagen was determined for the preparation of 
spinning solutions and Chit/Col fibres. Rheological properties are discussed for the chi-
tosan-collagen solutions used in the spinning of Chit/Col fibres with linear density in the 
range of 3.30 – 8.36 dtex. The fibres are featured by increased nitrogen content and tenacity 
when compared to pure chitosan fibres. The performance of the spinning process was good. 

Key words: chitosan, collagen, wet-spinning,  fibre, mechanical properties, morphological 
properties.

acid were used in the preparation of cell  
scaffolds [23]. 

A chitosan-collagen fibre with a new 
structure was used in the reconstruction 
of bones [24]. The physical and biologi-
cal properties of chitosan may be modi-
fied by cross-linking with tri-calcium 
phosphate and collagen in the form of a 
medium for cell growth [25 - 26]. A ma-
terial containing chitosan, hydroxyapa-
tite and collagen may also be used in the 
regeneration of bones [27].

Chitosan/collagen and chitosan/tropo-
collagen fibres were prepared in the proc-
ess of wet-spinning from a solution con-
taining adequate compositions of the pol-
ymers [28]. Tropo-collagen made up to 
50% of the blend with chitosan, while the 
collagen portion was up to 6%. Aqueous 
ammonium with a content of 40 - 43%  
ammonium sulphate constituted the co-
agulation bath. The fibre was spun at a 
speed of 8 m/min, and then drawn by 20-
30% in a solution of ethylene glycol with 
a 2.0% content of NaOH. The resulting 
chitosan/tropo-collagen fibre revealed a 
tenacity of 9.50 - 14.52 cN/tex and elon-
gation of 11 - 43%. 

A collagen fibre with rather low me-
chanical parameters was prepared by wet 
spinning from a collagen solution and by 
melt spinning from a thermoplastic col-
lagen [29]. The fibres both cross-linked 
with glutaric aldehyde and not cross-
linked showed no cytotoxicity against 
mouse fibroblasts. 

Considering the earlier described chi-
tosan and collagen properties, it was in-
tended to elaborate the conditions for the 
forming of chitosan/collagen (Chit/Col) 

cross-linking techniques. Chitosan fibres 
are a promising raw material in the man-
ufacture of a variety of textiles [14 - 16]. 
Collagen is one of the main construction 
materials of living organisms. It is, as  
a result of a number of beneficial biologi-
cal properties, widely used in medicine 
and in the pharmacological, cosmetic 
and alimentary industry [2, 17 - 18].  
The family of collagens embraces a 
number of proteins, while the configura-
tion of the polypeptide chains determines 
the structure of collagen. Elevated tem-
peratures, changes of pH, and irradiation 
may destroy the natural structure of col-
lagen and, hence, lead to its denaturation. 
This may occur as a change of second or 
third order of the structure or change of 
the super-molecular configuration, while 
the protein’s first order structure remains 
unchanged. The collagen denaturation 
temperature depends upon its water con-
tent and degree of cross-linking. 

Collagen fibres with diameters in the 100 
– 1000 nm range made by electrospinning 
from volatile fluoroalcohols (HFP) like 
trifluoroethanol (TFE) [18 - 20] can be 
used in the engineering of cell scaffolds. 
During the electrospinning from HFP, 
collagen undergoes a denaturation which 
changes its biological properties [21].  

Fibres with a diameter in the 100 to 
150 nm range can be prepared by electro-
spinning from a solution of type I colla-
gen and poly(ethylene oxide) (PEO with 
900 kDa) in the proportion of 1:1 with 
the addition of sodium chloride [22].  

Elastic collagen fibres with a diameter 
of 220 - 600 nm  made by electrospin-
ning from a solution of hydrochloric 

n Introduction

Chitosan fibres are used on the market as 
a raw material in the manufacture of tex-
tile, hygiene and medical products. The 
use of these fibres is beneficial thanks 
to such properties as biocompatibility, 
non-toxicity and biodegradability. The 
manufacture of chitosan fibres does not 
involve either expensive special equip-
ment or toxic solvents, and the produc-
tion process is simple and brings no harm 
to the environment [1]. The applied wet 
spinning process offers the chance of ad-
mixing additives to the aqueous chitosan 
solution, and thus widely modifying the 
fibre properties. Other polysaccharides, 
such as starch or alginates [2 - 4], carbon 
nanotubes, hydroxyapatites, and nano-
silver [5-9], introduced to the spinning 
solution, count as suitable additives. Pro-
teins such as fibroin, keratin, collagen or 
polypeptides with varying composition 
may find use in the production of chitosan 
fibre with tailored properties [2, 10 - 12]. 
Surface modification of ready-made tex-
tile products with chitosan or nano-silver 
is also applied by employing various 
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fibres in a wide range of linear density to 
be used in the building of scaffolds. The 
spinning of the Chit/Col fibres for scaf-
folds at high speed like in unmodified 
chitosan fibres is a new concept. 

The research was aimed at the prepara-
tion of collagen-modified chitosan fibres 
with widely varying linear density as a 
material for cell engineering to be used in 
the regeneration of cartilage tissue. The 
possible use of collagen type 2 and 3 de-
rived from calf hide in the preparation of 
Chit/Col fibres was examined. The com-
parison of mechanical and morphological 
properties between Chit/Col fibres and 
regular chitosan fibres was another goal 
of the work.   

n Materials 
Chitosan
Two forms of chitosan ChitoClear® de-
rived from the shrimp Pandalus borealis 
provided by Primex Co were used in the 
research (see Table 1).

Collagen
Two types of collagen with varying prop-
erties were used in the research. The 
material was provided in the form of an 
aqueous suspension by PROTEINA Co, 
Poland, (Producer of Natural Proteins) 
(see Table 2).

The bioactive solution of collagen finds 
a wide use in cosmetic and dermatologic 
preparations.

In the preparation of solutions, coagula-
tion baths and in analytical work, rea-
gents provided by POCh. S.A., Gliwice, 
Poland were used:  sodium hydroxide, 
acetic acid and glycerol. 

Preparation of the chitosan-collagen 
spinning solution 
Based on earlier experience, the chitosan 
solution was prepared with concentra-
tions in the range of 5.14 - 5.21% in an 
aqueous 3.0% solution of acetic acid. 
Dissolving was performed over 75 min-
utes at 50 °C. After filtration and deaera-
tion, the chitosan solution was used for 
the preparation of a mixture with a col-
lagen suspension. The collagen suspen-
sion was poured into the chitosan solu-
tion with agitation at 25 °C to produce 
the chitosan-collagen solution ready for 
spinning of the Chit/Col fibres. 

Cross-sections and surfaces of the fibres 
were inspected by means of the scan-
ning-electron microscope (SEM/ESEM), 
Quanta 200 (W), FEI Co., USA.

Photometric infrared spectra were pre-
pared on the FTIR Unicam apparatus 
equipped with the steering program 
Winfirst ATI Mattson. The samples were 
tested in the form of moulded pieces in 
potassium bromide of Aldrich Co.

Fibre mechanical properties were tested 
according to PN-ISO 1973:1997 and PN-
EN ISO 5079:1999 standards in an air–
conditioned room at a RH of 65 ± 4% and 
a temperature of 20 ± 2 °C.

The Kjeldahl method was applied for 
analysing the nitrogen content in the col-
lagen-modified chitosan fibres. 

Gel chromatography GPC/SEC was 
employed in the examination of the mo-
lecular properties of chitosan notably: 
function of the distribution of molecular 
mass (MMD), average values of mo-
lecular mass (Mn, Mw) and polydisper-
sity (Mw/Mn). The GPC/SEC analysis 
was done in a buffer solution containing  
0.2 M of sodium acetate and 0.3 M of 
acetic acid at a flow speed of 0.8 ml/min. 
The GPC/SEC system with the isocratic 
pump HP 1050 (Hewlett Packard) was 
equipped with the refractometric detector 
HP 1047 (Hewlett Packard). The injection 

Wet spinning of collagen-modified 
chitosan fibres from the solution
Based on earlier experience, a platinum-
rhodium spinneret was applied with 300 
holes, 80 µm each in dia. A coagulation 
bath was used at 30 °C with the following 
composition: 7 wt. parts of a 3.0% aque-
ous sodium hydroxide and 3 wt. parts of 
96% ethanol. The fibres were spun at a 
spun-draw-ratio of 0.4 - 1.1, speed of 
17.5 m/min and then drawn in water at 
30 °C with a total drawing rate of 34%. 
The fibre band was rinsed in water at 
30 °C for 24 hours and then immersed 
for 10 minutes in aqueous ethanol (60%). 
The excess of the solvent was removed 
and the fibre was dried at 30 °C. The 
Chit/Col fibres were cut into staples with 
lengths of 38 mm.   

n Analytical methods
Dynamic viscosity of the aqueous chi-
tosan solution was estimated by the use 
of a rotation viscometer (Brookfield 
LVT). The viscometer Brookfield, model 
RV DV-II+, with the program Rheocalc 
V3.1-1 was employed in rheological ex-
aminations at temperatures of 20, 25, 30, 
35 and 40 °C.

Photo images of chitosan and chitosan-
collagen solutions were made with the 
Biolar PZO polarising microscopes 
equipped with a Nikon camera and com-
puter image MultiScan analyser.

Table 1. Chitosan properties.

Parameter ChitoClear® fg 90 ChitoClear® fg 95 
Dry mater content, % 92.4 97.5
Ash, % 0.5 0.2
Degree of Deacetylation, % 93.0 95.0
Viscosity (1% chitosan), mPas 92 99
Solubility, % 99.5 99.8
Feature 100% through 100 mesh, 0.5 g/cc 100% through 100 mesh, 0.55 g/cc
Appearance white powder white powder
Taste and smell no taste or smell no taste or smell
Caliform  bakterii absent absent
Salmonella sp absent absent
Toxic heavy metals none detected none detected

Table 2. Properties of collagen.

Type of collagen Dissolvable collagen  
Type 2

Dissolvable collagen  
Type 3

Concentration of collagen, % 3.12 2.40
pH 3.2 - 4.2 3.5 - 5.0
Type of acid citric boric
source protein of calf hide  protein of calf hide  
appearance opaque colorless fluid opaque colorless fluid 
Average molecular mass, Daltons 340.800 340.800
temperature of denaturation, °C 34 34
content of hydroxyproline, µg/ml 700 1500
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volume of the solution of the tested sam-
ple was 100 µl at a concentration of ap-
proximately 0.05%. The separation of the 
macromolecules proceeded in the 2×PL 
aquagel OH Mixed, 300 mm long col-
umn system (Polymer Laboratories Ltd.) 
at a temperature of 30 °C. The calibration 
of the columns was made with the use 
of standards PEO/PEG from Varian Co 
in the range of 1970 D do 1,345,000 D. 
The results of the GPC/SEC analysis 
in the form of the distribution function 
of the molecular mass (MMD), average 
mass value Mn, Mw) and polydispersity 
(Mw/Mn) were calculated by applying 

the universal calibration method where 
the a and k parameters in the Mark-Hou-
wink equation amount to: a = 0.625 and  
k = 62×10-5 ml/g for PEO/PEG and  
a = 0.76 and k = 74×10-5 ml/g [30] for 
chitosan.

n Results and discussion
The distribution of molecular mass 
(MMD), average value of molecular mass 
(Mn, Mw) and polydispersity (Mw/Mn)
were estimated for the  chitosan grades 
ChitoClear®fg 90 and  ChitoClear®fg 95 

used in the preparation of fibres (see Fig-
ure 1 and Table 3).

The chitosan used in the investigations 
was varied in molecular mass and poly-
dispersity. ChitoClear fg 95 shows a 
lower value of Mn and a higher viscosity 
of its 1% solution (Table 1) given by the 
manufacturer. Insignificant differences in 
the percentage of the individual fractions 
suggest high similarity between the lots 
of chitosan, which is confirmed in Fig-
ure 1. The presented results and proper-
ties reported by the manufacturer present 
the full characteristics of the polymer. 
Considering also the properties of the 
fibres made, one can assess the suitabil-
ity of a given chitosan to fibre spinning. 
Lower ash content, higher deacetylation 
degree and a higher viscosity (fg 95) 
promise a better suitability to the form-
ing of fibre.  

Aqueous solutions of chitosan in ace-
tic acid (Table 4) were prepared for the 
forming of fibres. Chitosan was used 
with properties as shown in Table 1. 

Chitosan solutions with concentrations 
of 5.14 - 5.21% are characterised by dy-
namic viscosity in the 17.0 - 22.7 Pas 
range at a temperature of 50 °C. Higher 
viscosity values were found in the chi-
tosan solution prepared from the chitosan 
with slightly lower molecular mass (Chi-
toClear fg 95) and higher concentration 
(5.19%). Filtration and de-aeration of the 
solution carried out at 50 °C did not pre-
sent any problems. Microscopic inspec-
tion of the unfiltered solution revealed 
the presence of very few mechanical im-
purities.   

Properties of chitosan-collagen 
solutions 
When mixing the transparent light yel-
low chitosan solution (ChitoClear fg 95) 
with the opaque colourless colloid the al 
collagen solution, the dissolution of col-
lagen could be observed. Both solutions 
mixed readily and the mixture turned to 
a transparent homogeneous chitosan-
collagen solution. The properties of the 
blended solution are presented in Table 5.  

Chitosan-collagen solutions with colla-
gen content in the range of 3.42 - 6.97% 
showed a dynamic viscosity of 13.5 
- 14.0 Pas. Dynamic viscosity was de-
creased by 2.5-fold.

Chitosan grade ChitoClear fg 90 and col-
loidal solution of collagen type 2 were 
used in the consecutive trials. As in pre-

Table 3. Compilation of molecular mass and polydisperity values for chitosan. 

Parameter
Mn Mw

Mw/Mn
Percentage of fractions, %

g/mol g/mol <5 5-50 50-100 100-200 200-400 400-800 >800
ChitoClear fg 90 31434 148908 4.7 3 29 20 23 17 7 1
ChitoClear  fg 95 29570 148712 5.0 3 29 19 24 18 6 1

Figure 1. Molecular weight distribution of ChitoClear chitosan used in the manufacture 
of fibres Chit/Col. 

Table 4. Some properties of  chitosan spinning solutions.

Symbol of 
solution Chitosan grade Glycerol 

concentration, %
Chitosan 

concentration, %
Dynamic viscosity / temp.

Pas / °C
S/Ch - 2 ChitoClear fg 95 10 5.19 17.5 / 50
S/Ch - 3

ChitoClear fg 90
10 5.21 22.7 / 50

S/Ch - 4 10 5.14 19.0 / 50

Table 5. Properties of  chitosan-collagen spinning solutions (collagen type 3).

Symbol of solution Percentage of collagen  
in the polymer mix, %

Dynamic viscosity at 35 °C, 
Pas

S/Ch - 2 - 34.5
S/Ch - 2/Col 3/A 3.42 14.0
S/Ch - 2/Col 3/B 5.18 13.7
S/Ch - 2/Col 3/C 6.97 13.5

Table 6. Properties of chitosan-collagen spinning solutions  (collagen type 2).

Symbol of solution Percentage of collagen in the 
polymer mix, %

Dynamic viscosity 
at 35 °C, Pas

S/Ch - 4 - 36.0
S/Ch - 4/Col 2/A 4.94 9.0
S/Ch - 4/Col 2/B 8.55 8.5
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ceding trials, the solutions mixed well 
in various proportions producing homo-
geneous chitosan-collagen blends (see 
Table 6).

Microscopic inspection of the chitosan-
collagen blend revealed the presence of 
a few objects with diameters in the range 
of few micrometres, which were prob-
ably mechanical impurities and were re-
moved from solutions by filtration.  

The solutions with the composition and 
properties shown in Tables 5 and 6 were 
used in the spinning of Chit/Col fibres. 

Investigation of the rheology  
of chitosan-collagen solutions
The rheology of the chitosan-collagen 
solutions at 20, 25, 30, 35 and 40 °C was 
examined to establish optimal conditions 
for the formation of fibres. The impact of 
shear rate and temperature upon apparent 

dynamic viscosity of the chitosan- and 
chitosan-collagen solutions is presented 
in Figure 2. The flow curves were drawn 
at increasing and decreasing shear rates.

The chitosan solutions (Figure 2.a) re-
veal the character of non-Newtonian flu-
ids in which the viscosity of the solution 
at 20 and 25 °C decreases with increas-
ing shear rate. The flow curves coin-
cide for both decreasing and increasing 
shear rates; solutions in that case show 
the character of a pseudo-plastic fluid 
which undergoes thinning by shearing, in 
a phenomenon that is typical to polymer 
solutions. The increase of temperature to 
25 °C has a distinct impact upon the de-
crease of the apparent dynamic viscosity. 
The solutions tested at 35 and 40 °C also 
show a remarkable decrease of viscosity 
at increasing shear rate. 

A chitosan solution left for 24 hours at 
20 °C does not in fact change its rheo-
logical properties and behaves as before 
at  increased temperatures and shear rate; 
an indication that the solution is still suit-
able for spinning after storage (see Fig-
ure 2.b). 

When collagen was introduced, the ap-
parent dynamic viscosity dropped dis-
tinctly depending upon the amount of 
collagen added, due to the smaller vis-
cosity of collagen related to the viscosity 
of chitosan solution. Increases of temper-
ature to 30 °C and above cause a distinct 
decrease of the apparent dynamic viscos-
ity (see Figure 2.c). 

Increase of the collagen in the collagen-
chitosan solution (Table 6) has a rather 
insignificant influence on the decrease of 
viscosity. An elevation of the tempera-
ture of the collagen-chitosan solution 

Figure 2. Correlation between apparent  dynamic viscosity, shear rate and temperature; for chitosan solution with symbol S/Ch – 3 (a)  
& after 24 h of storage at 20 °C (b), for chitosan-collagen S/Ch - 4/Col 2/A (c) & S/Ch - 4/Col 2/B (d) solution. 

a) b)

c) d)
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above the denaturation point of collagen 
did not cause any changes in its proper-
ties, such as gelatinising ability and vis-
cosity. Structural changes of the colla-
gen, like decay of bioactivity, could have 
happened as a result of the temperature. 
The result was a decrease of viscosity 
of the solution, which is an indication of 
suitability for the formation of Chit/Col 
fibres. Based on the rheology investiga-
tion, the temperature of 25 °C was adopt-
ed as adequate for the spinning of the  
Chit/Col fibres. Spinning performance 
could be better at higher temperatures, 
which, however, is not advisable con-
sidering the need to preserve the original 
properties of collagen. 

Investigation in the spinning  
of collagen-modified chitosan fibres
Admixing of the collagen to the chitosan 
solution influences the spinning process, 
which is reflected in a lower tenacity of 
the fibres under wet conditions. The addi-
tion of ethanol to the alkaline coagulation 
bath resulted in a distinct improvement 
of spinning stability and wet tenacity of 
the fibres. A 34.0%, the draw ratio was 
applied during the spinning. The forma-
tion of the structure comes to an end in 
the course of the drying process which 

also confers the ultimate tenacity upon 
the fibre. Bearing in mind the potential 
use of the fibres in scaffolds, it is essen-
tial to provide fine fibres. The authors 
elaborated the process parameters for the 
spinning of Chit/Col fibres in the range 
of 3.30 – 8.36 dtex of the linear density, 
meaning that the minimal diameter of the 
fibres in the conditioned state decreases 
to 20 micrometres. A fibre with 3.30 dtex 
was prepared. 

Mechanical properties  
of the collagen-modified chitosan fibres 
Mechanical properties of chitosan fibres 
were tested in an accredited laboratory 
(see Table 7) according to the standards 
in force.

The decline of linear density resulted in a 
slight increase of tenacity and elongation 
of the FS/Ch 2 fibres. Elongation was 
maintained in the range of 18 - 29%.  

No problems arose during the spinning of 
the Chit/Col fibres; the process proceed-
ed smoothly. Mechanical properties of 
the Chit/Col fibres are shown in Table 7.  

An increase in tenacity and elongation 
was found in the Chit/Col when com-

pared to regular chitosan fibres (Table 7). 
The presence of collagen type 3 exerted 
a positive influence on the mechanical 
properties, regardless of linear density. 
The highest increase of tenacity was 
found for the fibre with a 5.18% content 
of collagen.

Employing chitosan ChitoClear fg 90 and 
collagen type 2 caused a drop of tenacity 
to the value of 6 cN/tex; tenacity was fur-
ther lowered as a result of the decrease in 
linear density to 5.41 dtex, while elonga-
tion remained high, at above 25%. 

Fibres of chitosan ChitoClear fg 95 and 
collagen type 3 are characterised by 
higher tenacity and elongation compared 
to those made of ChitoClear fg 90 and 
collagen type 2. This may be a result of 
higher collagen content in the spinning 
solution (see Tables 5 and 6). 

Examination of fibre morphology 

In Figure 3, SEM pictures of chitosan 
fibres are shown.

The cross-section of chitosan fibres is 
presented in Figure 3.a. The fibres are 
characterised by a regular, close to circu-
lar shape of the cross-section. Figure 3.b 
depicts the longitudinal view of the fibre, 
which reveals the characteristic regular 
cavities and furrows on the fibre’s surface.

In Figure 4 presented are SEM pictures 
of Chit/Col fibres.

Chit/Col fibres are characterised by an 
oval, less regular shape of the cross-
section. The surface structure is clearly 
marked with shallower furrows and cavi-
ties. Also seen are regular cracks on the 
surface. With a higher amount of colla-
gen in the fibre the cracks become deep-
er, and the amount of fibres sticking to 
each other increases.   

The investigation confirmed the im-
pact of chitosan concentration in the 
spinning solution (presence of colla-
gen) on the morphological structures of  
Chit/Col fibres. The lowest diameter of the  
Chit/Col fibres that could be achieved 
was 20 µm. The morphology of the fibres 
may display an impact on their applica-
tion in the construction of scaffolds. 

Examination of the chemical structure
It may be assumed that, during the so-
lidification of the streaming chitosan and 

Table 7. Mechanical properties of chitosan and chitosan/collagen fibres. 

Symbol of fibres Linear density, 
dtex

Tenacity, conditioned,  
cN/tex

Elongation at break, 
conditioned, %

FS/Ch-2
7.82 5.88 18.0
5.06 6.07 29.0

F S/Ch - 2/Col 3

A
4.14 7.21 25.0
7.96 7.75 33.0

B
3.35 10.0 33.0
8.36 8.21 26.0

C
3.78 9.40 29.0
6.96 9.55 32.0

F S/Ch - 4/Col 2
A

3.30 6.85 29.0

5.28 5.53 25.0

B
3.35 6.66 26.0
5.41 5.77 25.0

Figure 3. SEM pictures of  chitosan fibres; F S/Ch - 2.

a) b)
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collagen solutions, differences emerge in 
the diffusion rate of the solvent and co-
agulation bath molecules. The spun fibres 
appeared to be poorly solidified in the 
spinning trials, and they were prone to 
mechanical deformation in the wet state.  

Testing of nitrogen content was per-
formed for selected chitosan and  
Chit/Col fibres as shown in Table 8.

Nitrogen content in chitosan- and Chit/
Col fibres is in the range 6.92 - 7.44%. 
There are, in most cases, insignificant 
differences resulting from the kind of 
chitosan and inhomogeneity of the mate-
rial lots. The influence of collagen con-
tent in the fibres on the nitrogen percent-
age is rather feeble. The examinations 
confirmed the presence of collagen in the 
Chit/Col fibres. The collagen content in 
the fibres has a minor influence on the 
nitrogen percentage; The FTIR exami-
nation described below confirmed the 
presence of collagen in the Chit/Col fi-
bres. FTIR spectra of Chit/Col fibres are 
shown in Figure 5 see page 38.

The presence of groups that are 
characteristic for chitosan is con-
firmed by the intensity of peaks at 
given wavelengths, notably: NH2 
(1506 cm-1), amide I (1637 cm-1),  
amide II (1559 and 1414 cm-1),  

amide III (1319 cm-1). Anti-symmetrical 
stretching vibrations are characteristic 
for C-O-C bonds (1160 cm-1), stretch-
ing vibrations for N-H bonds (3298, 
3500 cm-1), and stretching vibrations for 
O-H bonds (3445 cm-1). Highly intensive 
peaks were observed at a wavelength of 
1160 cm-1 reflecting the anti-symmetri-
cal stretching vibrations of C-O-C bonds. 
Wavelengths of 1032 and 1086 cm-1 show 
the presence of symmetrical stretch-
ing vibrations of C-O bonds, which 
are characteristic to sugars [32 - 34],  
while the  peaks at 2600 and 3566 and  
3700 cm-1 highlight the stretching vibra-
tions of  the – OH group in chitosan.

The peaks of collagen confirm the pres-
ence of the functional groups C=O, 
amide I (1658 cm-1), N-H amide II bend-
ing vibrations and C-N stretching vibra-
tions (1554 cm-1), C-N and N-H amide 
III (1240 cm-1) [35, 36]. 

The FTIR analysis of Chit/Col indicates 
amide bonds I, and stretching vibrations 
indicate C=O (1600 - 1690 cm-1) at a 
wavelength of 1652 cm-1, which cor-
relate with the nitrogen content in the 
fibres. The presence of amide bonds II, 
stretching vibrations for CN=O and bend-
ing vibrations for NH (1480 - 1575 cm-1)  
are also observed at a wavelength of 
1517 cm-1, which correlates with nitro-

gen content in the fibres. Very distinct 
changes can be seen in the intensity 
of peaks at a wavelength of 1320 cm-1 
which correspond with the amide bonds 
of chitosan. The intensity of the peak 
lowers with an increasing content of col-
lagen. The high intensity of the peak at 
1168 cm-1 for chitosan fibres decreases 
with the increasing content of collagen in 
the fibres.

The presence of amide bonds I and II in 
the Chit/Col fibre provides a convenient 
condition for the formation of hydrogen 
bonds. Change of absorbency values at 
wavelengths of 2900 and 3450 cm-1 wit-
ness the presence of both intra- and in-
termolecular hydrogen bonds. The inten-
sity of the 3445 cm-1 peak lessens with 
increasing collagen content.

Figure 4.  SEM pictures of Chit/Col fibres with symbols: a, b -  F S/Ch - 2/Col 3/C, c, d - F S/Ch - 4/Col 2/A: e, f -  F S/Ch - 4/Col 2/B.

Table 8.  Nitrogen content in chitosan- and 
Chit/Col fibres.

Symbol of fibre Nitrogen content, %
F S/Ch - 2 7.03
F S/Ch - 2/Col 3/A 7.24
F S/Ch - 2/Col 3/B 7.35
F S/Ch - 2/Col 3/C 7.44
F S/Ch - 4 6.92
F S/Ch - 4/Col 2/A 7.08
  F S/Ch - 4/Col 2/B 7.17

a)

b)

c)

d)

e)

f)
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The presented results of the investiga-
tion gave evidence that the commercial 
ChitoClear chitosan is a suitable starting 
material for the preparation of chitosan 
fibres. The impact of the concentration of 
ChitoClear fg 95 in the solution upon the 
tenacity of the fibres was also confirmed. 
Collagen type 2 and 3 derived from calf 
hide buffered with citric or boric acid are 
the correct materials for the preparation 
of chitosan-collagen solutions suitable 
for the spinning of Chit/Col fibres.  The 
portion of collagen up to 5.18% in the 
chitosan fibres positively influences the 
tenacity and elongation of the fibres.  

Conclusions
1. The presented method permits the 

preparation of collagen-modified chi-
tosan fibres with tenacity and elonga-
tion higher than in regular chitosan 
fibres.

2. Chitosan-collagen solutions are suit-
able for the formation of Chit/Col fi-
bres. 

3. A better suitability of ChitoClear fg 
95 chitosan and collagen type 3 was 
demonstrated for the preparation of  
Chit/Col fibres.

4. The presence of collagen in the  
Chit/Col fibres was confirmed by an 
increased content of nitrogen and by 
the examination of the morphological 
structure. 

5. Chit/Col fibres with the lowest diam-
eter of 20 micrometres were prepared.
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LABORATORY OF ENVIRONMENTAL PROTECTION

The Laboratory works and specialises in three fundamental fields:
n R&D activities: 
n research works on new technology and techniques, particularly envi-

ronmental protection;
n evaluation and improvement of technology used in domestic mills; 
n development of new research and analytical methods;

n research services (measurements and analytical tests) in the field of en-
vironmental protection, especially monitoring the emission of pollutants;

n seminar and training activity concerning methods of  instrumental 
analysis, especially the analysis of water and wastewater, chemicals 
used in paper production, and  environmental protection in the paper-
making industry.

Since 2004 Laboratory has had the accredi-
tation of the Polish Centre for Accreditation  
No. AB 551, confirming that the Laboratory 
meets the requirements of Standard PN-EN 
ISO/IEC 17025:2005.

Investigations in the field of  environmental protection technology:
n Research and development of  waste water treatment technology, the 

treatment technology and abatement of gaseous emissions,   and the 
utilisation and reuse of solid waste,

n Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

n Working out and adapting analytical methods for testing the content of 
pollutants and trace concentrations of toxic compounds in waste water, 
gaseous emissions, solid waste and products of the paper-making indus-
try,

n Monitoring  ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses  most frequently carried out: 
n Global water & waste water pollution factors: COD, BOD, TOC, suspend-

ed solid (TSS), tot-N, tot-P
n Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
n Organic sulphur compounds (AOS, TS)
n Resin and chlororesin acids
n Saturated and unsaturated fatty acids
n Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
n Tetrachlorophenol, Pentachlorophenol (PCP)
n Hexachlorocyclohexane (lindane)
n Aromatic and polyaromatic hydrocarbons
n Benzene, Hexachlorobenzene
n Phthalates        n  Polychloro-Biphenyls (PCB)
n Carbohydrates        n  Glyoxal
n Glycols        n  Tin organic compounds
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