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n Introduction 
The  strive to use  less popular biopoly-
mers, has, amongst other, increased 
interest in feather-derived keratin. Vig-
orous expansion in the manufacture of 
pharmaceutical and sanitary products 
has fostered a market demand for textile 
materials which manifest specific fea-
tures like the ability to absorb and retain 
humidity. The keratin contained in feath-
ers seems to be a promising candidate 
as   raw material in the preparation of 
composite hygiene products.

Many publications identify innovative 
products, which include feather fiber 
keratin in their compositions [1 - 7].

The aim of our research work was to ob-
tain different fibrous forms, such as fibres 
and fibrids, with a content of keratin ex-
tracted from chicken feathers. We chose 
cellulose already used to manufacture 
biocomposites for medical and hygiene 
applications as the second component. 
An assumption was made that by using 
the hydrophilic properties of keratin, the 
application of this biopolymer should 
result in the manufacture of fibrous com-
posite materials with increased sorption 
properties.

The investigations included:
n preparing stable keratin solutions with 

an addition of cellulose,
n estimating the properties of the com-

posites obtained.

n Materials and reagents
Keratin
The raw material for obtaining keratin 
came from chicken feathers, which were 
characterised by the following contents:
n a sulphur content of 2.9%,
n a nitrogen content of 15.5%, 
n an ash content of about 1%.

The method of obtaining keratin from 
chicken feathers is described in [8], 
whereas the properties of the keratin 
we used in this research are presented 
below:
n a sulphur content of 2.3%,
n a nitrogen content of 15.2%, 
n a cystein content  of 16,94 %
n a WRV of  155.5 %
n a sorption factor 188.5%
n an Mw of  144.6 kDa
n an Mw/Mn  of 2.6
n colour, shape white powder.

Biomodified cellulose
The cellulose pulp used for obtaining 
biomodified cellulose is characterised by 
an polymerisation degree of  DP = 670.

A commercial enzymatic preparation 
produced by AB Enzymes Oy (Finland) 
under the trade name of Econase CE was 
used as the bio-modifying agent. 

The properties of the biomodified cellu-
lose we used in this research are pre-
sented below:
n Solubility of cellulose Sa 99.7%
n Content of  α-cellulose αcel 93.9%
n Water retention value  WRV 78.0%
n Average polymerisation degree  

DP 349.0.

The biomodification process is described 
in more detail in the European Pat-
ent [9].

The chemical agents used for obtaining 
the keratin were of analytical purity.

n Methodology
Preparing biomodified cellulose 
spinning solution
The solution prepared  was used for tests 
consisting of the formation of cellulose 
fibres and films [10]. To prepare an al-
kaline spinning solution, a biomodified 
cellulose pulp containing 75% of water 
is put into a 10.2% aqueous solution of 
sodium hydroxide, which also contains 
zinc oxide, urea and surfactants. The 
biomodified pulp is dissolved in a mixing 
tank equipped with a high-speed agitator 
and cooling jacket. The process is com-
pleted over 30 minutes at a temperature 
rising from 0 to 13 °C. The spinning 
solution obtained is filtered on a frame 
press through a standard filter cloth, as 
used in the viscose fibre industry, and 
then deaerated. 

Preparing cellulose-keratin spinning 
solutions for fibres
Cellulose-keratin solutions were prepared 
by mixing the filtered and aerated  alkali 
(6.24%) biomodified cellulose solution 
with an alkali keratin suspension. Alkali 
keratin solutions with different concen-
tration within the range from 5% to 20% 
were also prepared. The keratin suspen-
sion was mixed with different ratios of 
the biomodified cellulose spinning solu-
tions. In order to perform this, a  keratin 
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suspension was added stepwise to the bi-
omodified cellulose solution, which was 
stirred by a low-speed agitator at 60 r.p.m 
for 30 min at a temperature of 20 °C.

Preparing cellulose-keratin spinning 
solutions for fibrids
The cellulose-keratin solutions were pre-
pared by mixing the filtered and aerated  
alkali (6.24%) biomodified cellulose so-
lution with an alkali keratin suspension. 
The concentration of keratin suspension  
was 1.0 %. The keratin suspension was 
mixed  with the biomodified cellulose 
spinning solutions. In order achieve this, 
a  keratin suspension was added stepwise 
to the biomodified cellulose solution, 
which was stirred by a low-speed agita-
tor at 60 r.p.m for 30 min at a temperature 
of 20 °C.

Forming cellulose-keratin fibres
Cellulose-keratin fibres were manu-
factured using a laboratory spinning 
machine for wet spinning.  An alkaline 
solution containing a mixture of cellu-
lose and keratin was placed in a pressure 
container, and next fed to a spinning 
head with a gear pump of 1.2 ml/min 
yield. A polymer solution was introduced 
into a coagulation bath with a yield of 
18.6 cm3/min through the spinning head, 
which equipped with a 300-hole plati-
num-rhodium spinneret and with hole di-
ameters of 80 μm. The fibres were spun in 
the coagulation bath, containing H2SO4, 
with a concentration of 120 g/l and 
Na2SO4 with a concentration of 75 g/l  
at a temperature of 25 °C. 

The fibres were spun at a speed of 
29.4 m/min, and at a drawing degree from 
26% to 40% in air, or  water at a tempera-
ture of 25 °C  and 35 °C. The fibres, after 
conducting through a washing bath, were 
taken out in the shape of a hank, and then 
processed by introducing a preparation 
containing Honol with a concentration of 
7 g/l in water. The fibres were next dried 
in a free state at room temperature. The 

spinning speeds and drawing conditions 
of the cellulose-keratin fibres are pre-
sented in Table 1.

Manufacturing cellulose-keratin fibrids
In order to obtain fibrids at laboratory 
scale, we used a stand composed of 
a pressure container, a spinning head 
with a spinneret, an agitator and a 
container with a coagulation bath. The 
aerated spinning solution was placed 
in the pressure container, from which it 
was fed to a gear pump with a yield of 
0.6 cm3/rotation and 1.2 cm3/rotation; 
this ensured constant and regular feed-
ing of the solution to the spinneret. A 
600-hole spinneret with holes of 60 μm 
diameter was used. The polymer solu-
tion flowed from the spinneret, which 
is placed in the spinning head into the 
coagulation bath. The coagulation bath 
contained H2SO4, with a concentration 
of 80 g/l, an addition of  Na2SO4 and a 
concentration of 100 g/l.  

The agitator of a Turax-type homoge-
nisation device, with rotary speed of 
4,000 r.p.m, was positioned at a specified 
distance above the spinneret in order to 
guarantee a speed of the coagulation bath 
flow which could force the breaking of the 
solidifying spinning solution stream. The 
fibrids obtained were separated from the 
coagulation bath, put into methyl alcohol 
for about 1 hour, and next after centrifug-
ing it, washed several times in water and 
lyophilised. 

The lyophilisation of cellulose-keratin 
fibrids in sponge form
Lyophilisation was carried out over 
25 hours with the use of an Alpha 1-4 
type lyophilisator from Christ Co., at an 
initial plate temperature of -20 °C and a 
final temperature of 10 °C, whereas the 
preparation temperature was within the 
range of 2 °C to 6 °C. 

Biodegradation test of the fibres
Studies of the biodegradation of the sam-
ples were done in compost medium in 
oxygen conditions.  Determinations were 
carried out according to the procedures 
elaborated at IBWCh on the basis of 
international standards [11, 12].

The compost used in the experiment was 
taken from a municipal compost plant 
after a period of turbulent maturing. The 
process was conducted at lab-scale in a 
container of 120 l, at 55 °C, 65% RH 
with periodic aeration. Air was intro-
duced once a day for 1 hour,  at a flow 
rate of 10 l/min.  After a defined time of 
biodegradation, the samples were sub-

jected to sterilisation in a 3% hydrogen 
peroxide solution. The samples were 
next washed with distilled water and 
dried until constant weight. Finally the  
samples prepared were measured for loss 
of weight.

n Analytical methods
Microscope analysis of the spinning 
solutions
The solutions of cellulose, keratin, and 
cellulose-keratin were assessed with the 
use of a Biolar-type polarisation micro-
scope from ZPO Warsaw, with an adapter 
which enables photos of the  images ob-
served to be taken. A system of digital 
image analysis from IMAL was used to 
monitor the images.

Assessing the dynamic viscosity 
of the solutions
The dynamic viscosity of the spinning 
solutions was assessed with the use of a 
LVF Brookfield viscometer.

Assessing the water retention value 
(WRV)
The water retention value was assessed 
according to the standard method [13].

Assessing the sorption coefficient
The sorption coefficient was assessed acc-
ording to the standard method [14].

Testing the moisture absorption
Testing the moisture absorption  of cellu-
lose and celllulose-keratin samples was 
carried out by placing them in an exsic-
cator of 65% moisture (NH4NO3) at  a 
temperature of 20 °C.  The sample mass 
was assessed as a function of the time 
served to monitor the moisture sorption. 
After stabilising the sample mass at an 
approximate constant level, which means 
full saturation of the samples by moisture 
under the given conditions, the  samples 
were placed in an exsiccator with a 
relative humidity of 93% (KNO3), and  
changes in the sample masses over time 
were assessed. Next, after stabilising 
the sample masses at an approximately      
constant level for the second time, they 
were again placed in the 65% moisture 
exsiccator, and the moisture desorption 
of the samples tested were determined.

Determining the content of sulphur 
and nitrogen
The nitrogen content was determined 
by the Kjejdahle method, whereas the 
sulphur content was determined by the 
Sheniger method [15, 16].

Table 1. Spinning speeds and drawing 
conditions of the cellulose-keratin fibres; 
Cel 10 – control test – forming pure 
cellulose fibres; Rkn/m – cellulose-keratin 
fibres, drawing in water at a temperature of 
25 °C (I) or 35 °C (II).

Fibre 
symbol

Spinning 
speed, 
m/min

Drawing conditions
Drawing, 

% Medium

Cel 10 29,4 27,3 water
Rk-27/1 29,4 29,1 air
Rk-27/2 29,4 27,3 water (II)
Rk-28/1 29,4 40,1 water (I)
Rk-28/2 20,4 26,0 water (I)
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Evaluating the surface of the 
cellulose-keratin composite materials 
by scanning electron microscopy 
(SEM)
SEM observations were carried out with 
the use of a Quanta 200 SEM from FEI 
at a magnification of 2,000×. Structural 
investigations were performed under a 
high vacuum, in a natural state, without 
gold sputtering. The area of the fibres and 
cross-section surface were measured with 
the use of an analySIS Docu software 
program from Soft Imaging System.

Assessing the  wetting angle 
of the fibres
Tests to determine the wetting angle of 
the fibres were performed in relation to 
glycerol, whose polar properties and sur-
face tension are similar to those of water. 
The wetting angle measurements were 
conducted after a time of 60s from the 
moment of   deposition of the drop [17].

Determining the hygroscopicity 
of the fibres
The hygroscopic properties of the fibres 
manufactured were determined at the 
IBWCh, in the Analytical Laboratory, 
which has the Good Laboratory Practice 
certificate GLP G016, in accordance with 
Standard PN-80/P-04635:1981.

Estimating  the  mechanical properties 
of the fibres
The mechanical properties of the fibres 
manufactured were determined at the 
IBWCh, in the Laboratory of Metrology, 
which has  certificate Nr. AB 388 of the 
Polish Accreditation Centre (PCA), in ac-
cordance with  Standards PN-ISO-1973:
1997 and PN-EN ISO 5075:1999.

Determining the amount of free thiol 
groups of cysteine residues (-SH) 
The amount of free thiol groups of 
cysteine in a/the solution of feather 
keratin was measured by using a DTNB-
assay (Ellman’s reagent or 5,5’-dithio-
bis(2-nitrobenzoic acid). This is  spec-

trophotometric analysis. The absorbance 
was measured at 412 nm [18]. A molar 
extinction coefficient of 13600 M-1 cm-1.  
was used to calculate the amount of free 
thiol groups according to

A = ε × c × l

where: ε  -   molar extinction coefficient 
[M-1 cm-1], c - concentration, l – thick-
ness of  cuvette.

n Results and discussion
Obtaining the cellulose-keratin 
spinning solutions
The cellulose-keratin spinning solutions 
with different keratin contents were 
prepared according to the procedure de-
scribed. The properties of the solutions 
which were dedicated to fibre formation 
are presented in Table 2, whereas those 
of the cellulose-keratin solutions which 
were applied for composite fibrid manu-
facture are shown in Table 3.

Microscopic photos of the solutions 
used for manufacturing cellulose-keratin 
fibres are presented in Figure 1, wereas 
Figure 2 presents microscopic photos of 
keratin solution after dialisic and celu-
llose-keratin solution for manufacturing 
fibrids.

The keratin content influenced the prop-
erties of the spinning solutions in a diffe-
rent way. 

It should be stressed that irrespective of 
the keratin content introduced into the 
spinning solutions, the keratin particles 
did not dissolute, which is visible in the 
photo in Figure 1. Adding the aqueous 
keratin suspension to the spinning solu-
tion caused a drastic drop in viscosity  in 
the cellulose-keratin spinning solutions. 
Assessing the dynamic viscosity, these 
solutions were impossible.

Microscopic analysis of the cellulose-
keratin spinning solutions
Alkaline keratin suspensions of different 
polymer concentrations were prepared, 
and in this way, keratin, in the shape of 
a suspension, was introduced into the 
cellulose spinning solution in different 
proportions. Previous investigations pro-
ved that solutions prepared for fibrid 
formation should be characterised by a 
polymer concentration of about 1.0%. 
In order to estimate the quality of the 
cellulose-keratin solutions prepared, they 
were all analysed with the use of an opti-
cal microscope (Figures 1 and 2).

Figure 1. Microscopic photos of: a) alkaline keratin solution, 
b) cellulose-keratin solution (RK 27) used for manufacturing fibres.

Figure 2. Microscopic photos of: a) keratin solution after dialysis, 
b)  cellulose-keratin solution for manufacturing fibrids (Fib CK 4).

a) b) a) b)

Table 2. Properties of cellulose-keratin spinning solutions used for fibre formation; Cel 10 
– cellulose spinning solution, RK 27, RK 28 – cellulose-keratin spinning solutions.

Symbol of spinning 
solutions

Total polymer 
content, wt.%

Keratin content, 
wt.%

NaOH content, 
wt.%

Brookfield 
viscosity, cps

Cel 10 6.22 0.0 7.72 6500
Rk 27 6.28 3.0 7.12 4750
Rk 28 6.06 2.6 7.15 5250

Table 3. Properties of cellulose-keratin spinning solutions dedicated to fibrid manufacturing; 
Cel 11 –  cellulose spinning solution, FibCK2 … 4 – cellulose-keratin spinning solutions.

Symbol of spinning 
solutions

Total polymer 
content, wt.%

NaOH content, 
wt.%

Brookfield 
viscosity, cps

Keratin content
wt.%

Cel 11 6.36 7.80 - 0.0
FibCK 2 1.06 5.05 13.0 0.13
FibCK 3 1.26 5.15 21.3 0.15
FibCK 4 1.59 5.28 36.0 0.25

100 µm
100 µm 100 µm

100 µm
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Table 4. Mechanical properties of cellulose-keratin fibres.

Parameter tested
Fibre symbol

Cel 10 CK27/1 CK27/2 CK28/2
Linear density, dtex 1.91 2.78 3.28 3.61
Coefficient of variation of linear density, % 3.04 1.01 3.45 3.19
Breaking force of fibres in conditioned state, cN 2.56 1.84 2.13 3.07
Coefficient of variation of breaking force in conditioned state, % 7.36 20.2 16.3 18.2
Tenacity in conditioned state, cN/tex 13.4 6.62 6.49 8.50
Elongation at break in conditioned state, % 32 14 16 22
Coefficient of variation of elongation at break in conditioned 
state, % 17.4 33.6 21.4 28.3

n Investigation into the process 
of cellulose-keratin fibre 
formation

A laboratory spinning machine for wet 
spinning was used for manufacturing  
cellulose-keratin fibres according to the 
procedure described in methodology. 
The conditions for cellulose-keratin fibre 
formation are presented in Table 1. Next 
the fibres obtained were tested by assess-
ing the mechanical properties, estimating 
the sorption properties by measuring 
their hygroscopicity and wetting angle, 
and evaluating these composite fibres 
using the SEM method. Also, studies of 
biodegradation of the cellulose-keratin 
fibres  were done.

The mechanical properties of cellulose 
and cellulose-keratin fibres are presented 
in Table 4 The process of  cellulose fi-
bre formation was stable, and the fibres 
obtained were characterised by the foll-
owing mechanical properties: a tenacity 
of 13.4 cN/tex and elongation at break 
of  32%.

The processing of cellulose-keratin fibres 
was not so stable, compared to that of  
cellulose fibres: fibre breaks appeared 
periodically during the drawing proc-
ess, as well as disturbances consisting 
of elementary fibre breaks within the 
spinneret range. With the increase in 
the keratin content in the spinning solu-
tion, we noted a worsening of the fibre 
formation process conditions, and also, 
as a result, a decrease in the tenacity and 
elongation at break, as well as a worsen-
ing of  the  coefficients of variation of 
these parameters.

The increase in linear density in relation 
to the value assumed (2.0 dtex) in the 
case of some samples may be caused by 
the chocking of a number  of the spinneret 
holes during fibre spinning (we indicated 
a pressure increase in the spinning solu-
tion before the spinning nozzle), and by 
worsening finish process conditions; we 
noticed that parts of the monofilaments 

were difficult to separate. The drawing 
process of the cellulose-keratin fibres 
was carried out in two variants, in  water 
and in air, as we expected that the manner 
of conducting the drawing process may 
influence the mechanical properties of 
the fibres obtained, as well as the degree 
of retaining keratin in the fibres. From 
the data presented in Table 4, we can 
conclude that the fibres drawn in water 
and air have similar tenacity and elonga-
tion at break, but the fibres drawn in wa-
ter have  greater linear densities, which 
may be the result of a higher tendency of 
these fibres to glue to each other, caused 
by  greater difficulties in conducting the 
process of finishing them.

Summarising, it should be stated that the 
mechanical properties of the composite 
cellulose-keratin fibres were essentially 

On the basis of the results obtained (Ta-
ble 5), it can be stated that the modifica-
tion of cellulose fibres evaluated on the 
basis of  nitrogen content, changes in 
hygroscopicity, and values of the wetting 
angle can be observed for all cellulose-
keratin fibres. The cellulose-keratin fi-
bres obtained are characterised by better 
sorption properties: higher hygroscopic-
ity (45.9%) and smaller wetting degree 
(25 deg), compared to cellulose fibres, 
for which the hygroscopicity is equal to 
40% and the wetting angle is 27.3 deg. 
The property changes differ depending 
on the keratin content added. 

Evaluation of the cellulose-keratin 
fibrids
The properties of the cellulose-keratin 
fibrids were evaluated by assessing the 
nitrogen content, estimating the sorption 
properties (Table 6), and by analysing 
SEM photos. Depending on the keratin 
content in the ready-to-use spinning solu-
tion, the nitrogen content in the cellulose-
keratin fibrids varied within the range of 
0.95% to 2.38%. 

The WRV coefficient changed within the 
range of 133% to 186%; for comparison, 
the WRV of cellulose fibrids is  98.9%. 
A different method of evaluating the 
sorption properties is testing the moisture 
absorption. The kinetics of this process 
was tested for selected cellulose-keratin 
fibrid samples, and for comparison with 
cellulose fibrids. The sorption and des-
orption curves are presented in Figure 3. 
The sorption process under the condition 
of 65% RH is not intensive, and a greater 
jump does not appear until the samples 
are placed in an exsiccator of 93% RH. 
The highest absorbing capacity was 
observed for the cellulose-keratin fibrid 
sample

Evaluating the cellulose-keratin 
fibrous composite materials 
by the SEM method
The cellulose-keratin fibrids in sponge 
form are presented on Figures 3.

In order to evaluate the surfaces and 
cross-sections of the cellulose and cel-
lulose-keratin fibres and the general view 
of the fibrids obtained, microscopic ob-

Table 5. Hygroscopic properties of cellu-
lose-keratin fibres; Cel - cellulose fibres, 
CK – cellulose-keratin fibres.

Fibre 
symbol

Nitrogen 
content, 

wt.%

Hygro-
scopicity, 

%

Wetting 
angle, 
deg

Cel 10 0.0 40.4 27.3
CK 27/1 1.7 43.7 26.8
CK 27/2 2.6 44.7 25.8
CK 28/2 2.7 45.9 25.0

Table 6. Properties of cellulose-keratin fibrids.

Fibrid symbol Symbol of spinning 
solutions

Nitrogen content,  
wt.%

WRV, 
%

Cel 11 0.0 98.87
F - CK 12 FibCK 2 0.95 133.50
F - CK 19 FibCK 3 1.95 177.0
F - CK 20 FibCK 4 2.38 186.47

worse in comparison to the properties of  
non-modified cellulose fibres. The cel-
lulose-keratin fibres manufactured were 
characterised by the following mechani-
cal properties:
n a linear density of 2.78 – 3.61 dtex,
n tenacity in  conditioned state from 

6.49 cN/tex to 8.5 cN/tex,
n elongation at break from 14% to 

22%.
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servations were carried out by the SEM 
method. The photos are presented in 
Figure 4 - 7.

Numerous longitudinal grooves are vis-
ible on the surfaces of cellulose fibres 
(Figure 6a), at least some on each fibre. 

The character of these grooves on 
the cross-sections of cellulose fibres 
is readily apparent (Figure 5.a). The 
average area of  fibre cross-section is 
124 μm2. Even more numerous (up to 
several dozen) are the grooves on the 
surfaces of the cellulose-keratin fibres, 
but they are not as deep (Figure 6.b). 
On the other hand, a smaller amount of 
greater flat depressions is visible on the 

photo of the cross-section of cellulose-
keratin fibres (Figure 5.b), compared 
to the cross-section of cellulose fibres 
(Figure 5.a). The average area of the 
fibre cross-sections of cellulose-keratin 
fibres is 192 μm2. Nevertheless, it can be 
stated that  cellulose-keratin fibres have 
a more developed surface than cellulose 
fibres. Spots darker than the background 
are visible (Figures 5.b) on the surfaces 
of the cross-sections of cellulose-keratin 
fibres. These spots are keratin which had 
been added to the spinning solution in the 
form of a suspension.

The differences between cellulose and 
cellulose-keratin fibrids are clearly vis-
ible on the photos presented in Figure 7.  

Cellulose-keratin fibrids are thinner 
and shorter than cellulose fibrids (see 
the numerous short and thin fibrids in 
Figure 7.b).

n Biodegradability
Acomposting environment is very in-
teresting as a biodegrading medium 
for many reasons, such as the presence 
of a wide spectrum of microorganisms 
and the relatively high temperature of 
biodegradation. Besides this, composting 
treatment at adequately matched condi-
tions seems to be an appropriate method 
of organic waste and biodegradable poly-
mer utilisation.

An initial sample of cellulose/keratin fi-
bride was divided into three comparable 
parts and exposed to  biodegradation. 
The results obtained after 3 weeks of 
the process are collected in Table 7. The 
changes in the  external appearance of 
the samples caused by biodegradation 
are given in Figure 8. As  can be seen 
very easily, the results are very similar. 
After 22 days of  biodegradation, the 
process of the two component fibrides 
was almost totally complete. Conversely, 
fibrides produced of cellulose were much 
more durable. A similar level of biodeg-
radation was reached only after 6 weeks.  
Such results are in good agreement with 
our previous work [19]. 

n Summary
Cellulose-keratin biocomposites in the 
shape of fibres and fibrids were obtained 
as a result of our investigations. It was 

Figure 3. Sorption and desorption curves of  cellulose and cellulose-keratin fibrids.

Figure 4. a) Photos of wet cellulose-keratin fibrids (never dried)                   
b) SEM photos of the cellulose-keratin sponge.

Figure 5. SEM photos of the fibre cross-sections: a) cellulose fi-
bres, b) cellulose-keratin fibres.

Figure 6. SEM photos of the fibre surface: a) cellulose fibres, 
b) cellulose-keratin fibres.

Figure 7. SEM photos of the fibrids: a) cellulose fibrids, b) cell-
ulose-keratin fibrids.

a) b) a) b)

a) b) a) b)
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demonstrated that adding keratin im-
proves the hygroscopic properties.

The cellulose-keratin fibres were char-
acterised by the following mechanical 
properties:
n a linear density of 2.78 –3.61 dtex,
n tenacity in conditioned state from 

6.49 cN/tex to 8.5 cN/tex, and
n elongation at break from 14% to 22%.

The modification of cellulose fibres by 
adding keratin, evaluated on the basis of 
nitrogen content, the changes in hygro-
scopcity, and the value of the wetting 
angle, is evident for all cellulose-keratin 
fibres. The cellulose-keratin fibres ob-
tained are characterised by better sorp-
tion properties: higher hygroscopicity  
and a smaller wetting angle  than those of 
cellulose fibres. Also, the biodegradabil-
ity  of cellulose- keratin  fibres is better 
than that of cellulose fibres.

Introducing keratin into cellulose fibres 
lowered their mechanical properties; de-
creased the tenacity by a factor of nearly 
two, and a significant decrease in elonga-
tion at break took place, but both param-
eters remained at a level which enables 
these fibres to be used for manufacturing 
composite fibrous materials. However, a 
further increase in the  amount of keratin 
in the cellulose spinning solution over 
the values used in this research work 

may essentially hinder the fibre forma-
tion process.

Depending on the keratin content in 
a ready-to-use spinning solution, the 
nitrogen content in  cellulose-keratin 
fibrids varies within the range of 0.95% 
to 2.38%. The water retention value  
changes from 133.5% to 186.47%, as 
compared to cellulose fibres for which 
it is 98.87% . 

Evaluating the view of  cellulose-keratin 
fibrous composite materials by the SEM 
method, we noted that  cellulose-keratin 
fibres have a more developed surface 
than that of cellulose fibres, whereas  
cellulose-keratin fibrids are thinner and 
shorter than  alginate fibrids. Studies in 
progress indicate that this approach is 
highly promising and may lead to the 
production of a  new range of fibrous 
composite materials with innovative 
properties and based on renewable natu-
ral resources.

Improving the sorption properties of the 
biocomposites obtained, creates oppor-
tunities to use them as hygienic fabrics.
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Figure 8. Compost biodegradation of cellulose and composite cellulose- keratin fibres.

Table 7.  Compost biodegradation of cel-
lulose and composite cellulose- keratin 
fibres.

Fibres 
symbol

Time of 
biodegradation, 

weeks

Weight 
loss,

%
Cellulose 

fibres 6 94.1

Cellulose- 
keratin fibres 3 100.0
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Initial sample 3 weeks 6 weeks

Total biodegradation


