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FIBER PRODUCTION FROM CHICKEN FEATHER WITH
INDUSTRIAL METHOD

Purpose. The aim of the work is to obtain fibers of maximum length when Recycling chicken
feathers.

Methodology. This study is based on the production of fiber by mechanical cutting of the
fibers from chicken feathers. The fibers were produced from chicken feathers at the end of the
arrangements on a disperser type machine. In the studies, the method of planning and analysis of
the experiment was used.

Results. The length of the obtained fibers is between 5-35 mm. Experiments have been
carried out to obtained longer fibers based on the operating parameters of the machine. As a result,
one-third of the product obtained comprise the fibers which are longer than 15mm. It has been
determined that the proportion of moisture contained in the feathers, which is put in the machine,
affects the length of the fibers. The results of the experiments showed that the best fiber output is
getting when the feathers have 14,66% relative humidity.

Scientific novelty. As a result of research, it became possible to obtain fibers from chicken
feathers with controlled parameters.

Practical value. Natural protein fibers from chicken feathers were produced by the
production method.

Keywords: chicken feather, chicken feather fibers, production of chicken feather fibers.

Introduction. Among the downs in industry, the just important thing is pile obtained from
the certain part of water bird’s body. These feathers which have high thermal insulation properties
and highly soft and elastic are used as filling material at bedding products and winter clothes. In
fact, chickens are number one among domestic animals in the world in terms in terms of number
[1]. Every year in the world, about 15 million tones are appeared as by-products in the production
of white meat [2]. At least one third of this amount is waste without using [3]. This material, which
is extremely power-reduced in nature, is buried or burned into fertilizer and this situation causes
serious damage to the environment [4].

There are not too facilities in terms of using the chicken feathers with their current form.
There are a few reasons. These feathers are chosen because of they are more fragile, have low
elasticity, have no pile or very few and havier than goose and duck feathers used commonly as a
filler material. All of this makes it unfavorable to use chicken feather as filling material. The
fibrous material which is named *“chicken feather fibers” is more universal in terms of using and
obtained by separation of barbucels from barbs. Accordingly, obtaining the fiber from chicken
feathers has attracted the attention of scientists in recent years.

In recent years, research has revealed that chicken feather fibers have many important
properties. Beyond anything, these fibers are the lightest among known natural and artificial fibers,
with a specific gravity of about 0,8g/cm3 [5,6]. Keratin content of chicken feather fibers is 91% [7]-
[9]. Some of the amino acids in the keratin-based proteins have hydrophobic, some have
hydrophilic, and the proportion of them in chicken feathers is 60:40 [8]. Thanks to this unique
structure, the chicken feather fibers are hydrophobic as well as hydrophilic. The amino acids in the
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raw material, which consist essence of the chicken feathers, have the ability to absorb moisture even
from cool air.

Although it is stated in literature that the length of chicken feather fibers is 3-13mm [10],
this value can be up to 4,5cm [6]. The fibers have microporous internal structure with a shape of
feather [11]. This feature gives very important properties to the fibers. The reaoson why the length
of the chicken feather fibers varies over a wide range is not just the feathers vary in size. The
feathers taken from body region of the same chicken are different from one another in terms of
length. Economically, chicken feather fibers are extremely have low cost (approximately
$0.001/kg), from point of ecologically and accessible they are a renewed natural protein materials.

Accordingly, research has revealed that chicken feather fibers have crucial properties, but
todays industrial method of fiber production has not developed. The technology of fiber production
from chicken feather with industrial method has being developed at Department of Textile
Engineering of Erciyes University.

It is desirable that to utulize from the feathers in different areas of the textile, many long
fibers in fiber mass are wanted as possible as. However, mechanical parts of the machine can cause
the breaking for fibers during the fiber production.

Objectives. This study is about the selecting the machine’s operating parameters to obtaine
maximum amount of long fiber output in the fiber production.

Material and method. The base of the production of fiber from chicken feathers is the
removal and separation of the barbucels from barbs with mechanical methods. This process is done
with special machine. This machine provides to cut off the fibrous structure of feather from rachis.
Depending on the operating parameters of the machine, separated length of fibers varies. In this
study, it is aimed to obtain the longest fibers output and multifactorial experiment was carried out
for this purpose.

The operating parameters of the machine are the speed of dispergator rotation, density of the
air flow which is transport the fibers and the percentage of load of the machine. From this
parameters, the speed of dispergator rotation is controlled by the rotation frequency of the machine
rotor and the density of the air flow is controlled by special valve. So instead of this parameters, the
rotation frequency of the machine motor and the rotation angle of the air valve were took in to
account.

To produce sufficiently long and high quality fibers, preliminary experiments have been
carried out with machine operating parameters. When examine the preliminary studies, we could
not obtain fibers in all study regimens. In other words, there were more or less rachis in fibers mass
and were uncut feathers in some regimens.

In this case, the direction of the preliminary experiments was changed, it was found out that
which parameters are available to obtain clean fiber mass. For this purpose, single independent
experiment was performed. In these experiments, a series of experiments serve to obtain clean fiber
mass for each individual variant by keeping the other independent variables is constant and,new
change intervals for the working parameters of machine have been determined in order to obtain
clean fiber mass. At the end of this experiment series, the determined change intervals are given in
Table 1 for machine parameters. The actual variation ranges of the working parameters of the fiber
production machine are given at same table.
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According to the parameters in Table 1, the length of the fibers obtained from chicken
feathers is between 5...35mm. The majority of the fibers have a length of 5...15mm.

A multi-factorial experiment has planned to obtain a clean fiber mass which contains the
longer fibers from fiber production machine. In these experiments, the machine speed was accepted
in terms of operating parameters and the change intervals of these parameters were accepted the
change parameters which serves the obtain cleans fibers mass (Table 2).

Table 1.
Working parameters and variation intervals of the fiber production machine

Change intervals allowed the
The actual change machine’s operating
Experiment factors interval of the machine’s . .
. parameters to obtain clean fiber
operating parameters mass
Rotation frequency of rotor 0...90 50...90
rotation,Hz
The angle of rotation of valve, 0...90 10...40
grad
The load percentage of machine 0...100 20...80
, %
Table 2.
Experiment factors, change intervals and levels
Experiment Factors Sig | Change interval The levels of factor
n of factors -1 0 +1
Rotation frequency of rotor rotation, X1 50...90 50 75 90
Hz
The angle of rotation of valve, grad X 10...40 10 25 40
The load percentage of machine , % X3 20...80 20 50 80

As an optimization criterion, output parameter has chosen the fibers which has a length
greater than 15mm. To determine this parameter, fibers were produced from 0,5kg feather in
different working regimes of the machine according to designed experiment plans and placed in
sample bags. At the next stage, 2gr of fibers was randomly taken from the middle of the sample
bag, and fibers were counted and divided in to 2 groups up to 15mm and greater than 15mm
according to the length of fibers. The total number of fibers longer than 15mm in ration of total
fiber count have regarded as the output parameter as the ration of the long fibers.

) ) Long fiber count
Y{Ratio of lonf fibers} =

Total fiber count

Based on these parameters, three-factor experimental design which is 2. grade was designed
based on the Box-Behnken plan in the Design —Expert program. The experiment design plan with
coded values of the factors is given in Table Ill. The fibers obtained from chicken feathers and the
separated rachis breaks are displayed in Fig 1.
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Fig. 1. Fibers which were obtained from chicken feathers (left) and separated rachis (right)

Preliminary investigations have shown that the moisture of feathers, which is put in the fiber
production machine, affect the length of the fibers. A number of experiments have been carried out
in order to ascertain whether the wetness of the feathers may affect the fibers in terms of the length
of the fibers. After washing, feathers were dried for 10, 15, 20, 25 minutes in the drying machine
and 3gr samples were taken from the dried feathers and kept in the oven at 105°C for 2 hours, then
weighed and determined the amount of water in it’s structure. After taking the 250gr feathers from
drying machine, fibers were produced according to the determined in the previous experiment
parameters and the ratio of long fibers as above was determined in the produced fiber mass. After
taking 3gr fiber from the fiber mass, the moisture content was determined.

Research results. Experiments were performed according to the randomized Box- Behnken test
plan and results were written to the table in the Design-Expert program (Table 111). According to the
results of analysis the test results, a model is taken as follows:

Y = 0,072 - 0,069*X; + 0,0004*X; + 0,0003*X3 + 0,047*(X1"2) + 0,0002*(X,"2) + 0,041*(X5"2) +
0,013*X1*X2 + 0,019*X1*X3 + 0,046*X,* X3

Current model was tested according to the Fisher criteria and found that it is significant with
95 %. R2:0,91 was taken and it means that selected factors adequately explain the output parameter.
The current model has the maximum value at the given point in Table IV. In other words, the ratio
of long fibers in the taken fiber mass in these operating parameters of the machine must be
maximum with theoretically 95% probability.
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Table 3.
Test Results
D] |G| S| 2]

[:I Motes for MyDesign.d=S Factor 1 Factor 2 Factor 3 Response 1

E=8) Std Run Block ey | B2 K3 i
EI R - 1 7 Block 1 -1.00 -1.00 0.00 0.220532
L H] Analesie =z 9 Block 1 1.00 -1.00 0.00 0.0628019
i L weanalzed) 3 10 Block 1 —-1.00 1.00 0.00 0.150794
i £ Optimization 4 =z Block 1 1.00 1.00 0.00 0.044895
Numerical 5 11 Block 1 -1.00 0.00 —-1.00 0.252137
Graphical = 17 Block 1 1.00 0.00 -1.00 0.0724538
L 7 5 Block 1 ~1.00 0.00 1.00 0.211712
a2 12 Block 1 1.00 0.00 1.00 0.106383
: 15 Block 1 0.00 -1.00 —-1.00 0.134884
13 Block 1 0.00 1.00 —-1.00 0.0273049
1 Block 1 0.00 -1.00 1.00 0.0465116
4 Block 1 0.00 1.00 1.00 0.185185
3 Block 1 0.00 0.00 0.00 0.0745514
14 Block 1 0.00 0.00 0.00 0.0467526
16 Block 1 0.00 0.00 0.00 0.103306
) Block 1 0.00 0.00 0.00 0.0804598
=] Block 1 0.00 0.00 0.00 0.0566038

At the best theoretical working parameters in terms of long fiber production of machine, a
batch fiber was produced and the proportion of long fibers in the current fiber mass was calculated.
The result has written in Table 4.

Table 4.
The best operating parameters of the machine
Factors ¥ — Theoretical Y — Experimental
value of the output | value of the output
X1 Xo X3
parameter parameter

For coded values -0,95 -0,89 -0,98
For natural coded 51,2 11,7 20,6 0,286 0.281

After washing, the amount of remaining moisture of feathers, which were dried in drying
machine for 10, 15, 20, 25 minutes, was determined and written to Table 5. It is shown that in Table
5, the ratio of fibers which are longer than 15mm and the variation range of the fiber length.
Moisture content of the samples from taken produced fibers is shown that about approximately
6,7% in all cases. It is understood that, after the fibers are separated, they continue to dry until they
reach the exit point in the air stream.

Table 5.
Length parameters of fibers obtained from feathers which have a different moisture content

Drylng tlme_ln Humldlty_ ration of Change in the range of The ration of long
drying machine, feathers coming out of the . . o
. fiber length, mm fibers in fiber mass, %
minute dryer, %
10 22,0 5...35 14
15 14,7 5...35 21
20 8,0 5...25 17
25 6,0 5...25 10
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As can be seen from Table V, after decreasing the moisture content of the feathers, the long
fiber ratio in the fiber mass is decreasing at first time and then decreasing. When the moisture
content in the fibers is higher than 15%, reduce the long fiber output. At 14,4% humidity ration,
approximately 20% of the fiber mass forms long fibers. Because of the decreasing the moisture
content in the fibers, the fibers increased the theirs’s fragility and the long fiber output is getting
decreasing. The relationship between the moisture content of fibers mass(x) and the ratio of the long
fibers(Y) at the fiber exit was found to be as follows: Y=-8,989+4,199x—0,144x2

This linkage was found to be significant with a 0,95 probability and R2:0,94. The model has
a maximum at x :14,58. In other words, when the moisture content of fibers is 14,58%, the ration of
the long fibers at the fiber output should be maximum, it should be namely ¥ = 22,66.

Conclusions. The study is about fiber production from chicken feathers. Experiments have
been carried out to produce useful fibers from chicken feather fibers for textile on a dispersing
machine. Machine operating parameters have been determined to allow the maximum proportion of
long fibers in fibers. During studies, it was found that the moisture content of fibers had affected the
proportion of long fibers at the fiber output. It has been found that a mathematical model between
the moisture of fibers and proportion of long fibers at the fiber output, the longest fibers were
obtained when the feathers had a moisture content of 14,58%.

Funding. This study was supported by The Scientific and Technological Research Council
of Turkey (TUBITAK) with 115M725 numbered researching project
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MMPOU3BOACTBO BOJIOKHA U3 KYPUHOI'O IIEPA ITPOMBILHIJIEHHBIM
METOJAO0OM
HA3UM ITAIITAEB
Ynusepcumem Spyueca, Typyus

Ilens. Ilenvio pabomel sAensemcs noayuyeHue B0JN0KOH MAKCUMAILHOU ONUHbL  NpU
nepepabomke KypuHblX nepbes.

Memoouxa. Omo uccredosanue 0CHOBAHO HA NPOU3BOOCMEE BOIOKHA NYMeM MeXAHUYecKou
pe3Ku 60J0KOH U3 KYPUHLIX nepbes. Bonokma Ovliu nonyuenvl u3 KypumvlX nepvbes 8 KOHYe
KOMHNOHOBKU HA MawiuHe oucnepaamopa. B ucciedosanusx ucnonvsosancs memoo niaHuposanus u
aHanu3a sKcnepumMenma.

Pe3ynomamel. [[nuna nonyuenHvix 80a10KOH cocmasisem om 5 00 35 mm. Bvuiu nposederwvl
IKCHEePUMEHMbL ¢ NOYYeHUeM OoJlee ONUHHBIX 80JIOKOH HA OCHOBE pabodUX napamempos MauluHb.
B pe3zynomame oona mpems nonyuennoco npooykma cooepicum 60JI0KHA OIUuHOU donee 15 mm.
Bbvino onpedeneno, umo oons enacu, cooepicaweiicsi 8 nepvax, Komopwvle NOMewaromes 8 Maulumy,
gnusem Ha ONUHY BONOKOH. Pe3ynomamsi 3KCnepumeHmos nokazanu, 4mo JIYHuds 6bIXOOHAs
MOWHOCMb B0JOKHA 803pACIaAem, K020a Nepbs UMelom OMHOCUMEeNbHYI0 e1axcHocmy 14,66%.

Hayunasa noeusna. B pe3ynomame uccie008aHuil Cmaio 803MONCHbIM NOIYYAMb ON0KHA U3
KYPUHBIX NEPbes ¢ KOHMPOIUPYeMbIMU NAPaAMempami.

Ilpakxmuueckas 3nauumocms. [Ipouz600cmeeHHbiM MemMoooM ObiiU NOYUEeHbl HAMYPAlbHble
OenKosvie 80I0KHA U3 KYPUHBLX NEPbES.

Knrwoueswie cnosa: Kypunoe nepo, 6010KHA U3 KypUHo20 nepa, Npousgoo0cmeo 60JIOKOH U3
KYpUHO20 nepa.

BUPOBHHUITBO BOJIOKHA 3 KYPAYOI'O IIEPA ITPOMUCJ/IOBUM METOJOM
HA3UM ITAIIIAEB

Yuieepcumem Opyueca, Typeuuuna

Mema pobomu nonscac 6 OMPUMAHHI B0JIOKOH MAKCUMANbHOI OO0BXHCUHU NpU nepepooyi
KypA4020 nip's.

Memoouka. /lane 0ocniodceHHs 3acHo8aHe HA BUPOOHUYMET BONOKHA ULIAXOM MEXAHIYHO20
PI3aHHS 80JIOKOH 3 KYypA4020 Nip's. Boiokna 6y1u ompumani 3 Kypsayo2o nip'a 8 Kinyi KOMNOHYB8AHHS
Ha Mawuui oucnepeamopa. Y 00CniOMCeHHAX SUKOPUCMOB)Y8ABCS MemoO NIAHY8AHHA [ AHANI3Y
eKCcnepuMenmy.

Pezynomamu. J[osoxcuna ompumanux 60J10KOH cmanosums 6i0 5 0o 35 mm. Bynu nposedeni
eKCnepumMenmu 3 OMpPUMAHHAM OibU 0082UX 80JIOKOH HA OCHOGI pOOOYUX napamempie Mawiunu. B
pe3yremami 00Ha MpemuHa eUMpa4eHo20 nPoOYKmy MIiCmMums 60JI0KHA 008X*CUHOTO Oinvute 15 mm.
byno eusnaueno, wo wacmka eonozu, wo micmumucs 6 nip'i, AKi nNOMiWaArOMbCs 8 MAUWUHY, BRAUBAE
Ha 008JCUHY B0JIOKOH. Pe3ynbmamu excnepumenmie nokasanu, wo HAUKpawa 6uxiona
NOMYIHCHICMb 80JIOKHA 3pOCMAE, KOIU Nip'st Maomuv 6i0HOCHY 60.102icmb 14,66%.

Haykoea nosusna. B pe3ynomami 00CniodceHb CMAlo MONCIUBUM OMPUMYBAMU BONOKHA 3
KypA4020 nip's 3 KOHMPOIbOBAHUMU NAPAMEMPAMU.

Ilpakmuuna 3nayumicms. Bupobnuuum memoodom Oynu ompumani HamypanivHi OLIKOSI
B0IOKHA 3 KYPAYO20 Nip's.

Knrouoei cnosa: Kypsue nepo, 6010kHa 3 KypA4020 Nip s, 6UPOOHUYMBO B0IOKHA 3 KYPAU020
nip s.
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