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INVESTIGATION OF THE FRAGRANCE DURABILITY
OF KNITTED FABRIC BAND COATED
BY EUGRARIT RSPO MICROCAPSULES CONTAINED
THE CINNAMON OIL ESSENTIAL

Nguyen Thi Tu Trinh1, Chu Dieu Huong1*
1School of Textile-Leather and Fashion,
Hanoi University of Science and Technology, Dai Co Viet street 1, Hanoi, Vietnam
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ABSTRACT

The aromatherapy textile of cinnamon oil comes from a compound found in the essential oil called
cinnamaldehyde. With the antibacterial and anti-inflammatory properties that can help treat certain
metabolic, infectious, digestive or respiratory disorders, this compound is also very volatile. Moreover,
cinnamon essential oil can help treat dermatitis, but the coumarin compounds found in essential oils can
cause skin irritation. Therefore, encapsulation is currently the best solution to improve evaporation and
keep the fragrance of essential oils on fabrics longer and reduce large amounts of pure essential oils in
direct contact with the skin. In this study, we have investigated the odor fastness of Eugrarit RSPO
microcapsules contained the cinnamon essential applied to the surface of interlock fabric knitted by
Chief Value Cotton (CVC) yarn (60% cotton, 40% polyester). The fragrance durability of the knitted
fabrics coated by pure cinnamon essential oil and the microcapsules contained cinnamon essential oil
had been evaluated. The influence of the pressure of knitted fabric band coated by the microcapsule
contained cinnamon essential oil induced by extension levels of 21.25%, 57.5%, 68.75%, 83.75% had
been studied. The fragrance durability evaluation was based on the combination of the expert method
and diluted solution method. The results showed that the fragrance intensity of knitted fabrics treated by
pure essential oil was stronger but the diminution of their fragrance was faster than these ones treated by
the cinnamon essential oil microcapsules. Besides, the higher the extension applied on the fabrics band,
the smaller their fragrance intensity had been maintained.

Keywords: Microencapsulation, fragrance textile, healthcare textile, interlock knitted fabric,
fabric extension.
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1. Introduction

Essential oils are volatile components which
produced by different parts of the medicinal plants.
These components have antibacterial capacity and
have been commonly used throughout the world.
They even can be a substitute for chemical
antibacterial agents against foodborne bacteria in
clothing due to their useful properties [1].
Cinnamon is obtained from several tree species
from the genus cinnamomum and is also known as
cinnamomum verum. The true cinnamon
treeverum is considered as one of the precious
medicinal plants that have been widely used in the
daily life in Vietnam. Cinnamon essential oil can
be also used in aromatherapy, which is the
therapeutic use of the plant essential oils that can be
absorbed into the body via the skin or the olfactory
system. A recent research articles showed the
benefits deriving from the use of cinnamon oil in
massage for alleviating menstrual pain [2].
Cinnamon essential oil is a dark yellow to brown
liquid. It is prepared from the bark of the stem, or
leaves and branches by the method of distillation
with water or steam distillation [3]. The all parts of
the cinnamon tree such as bark, leaves, flowers,
roots contain essential oils, especially in the bark
with the highest content of essential oils,
sometimes reaches 4 - 5 % on mass. The major
constituents of cinnamon bark oil includes
cinnamaldehyde (76.96 %), cinnamyl acetate
(11.07 %), coumarin (5.06 %), the remaining
compounds account from 0.11% to 0.92 % on
mass. In which cinnamaldehyde (3-phenyl-2-
propanal) represents the main component of
cinnamon bark oil which has antibacterial and anti-
inflammatory properties that can help treat certain
metabolic, infectious, digestive or respiratory
disorders. Trans-cinnamaldehyde was found to be
the major volatile compound which used as a flavor
and fragrance ingredient [4, 5]. Though the various
potential effects of cinnamon oil and its
constituents, including anti-inflammatory,
antibacterial, antifungal, and antioxidant, the use
of cinnamon oil has been reported to cause
problems for some individuals: cinnamon oil has a
strong aroma that is unacceptable to some.
Furthermore, the direct application of cinnamon
oil has been reported to cause skin irritation and
allergic reactions [6].

In order to maintain the fragrance longer as
well as for the active ingredients to be more
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effective, a microencapsulation has been widely
used to improve the ability to evaporate the
fragrance materials for the desired time [7].
Microencapsulation could be understood as a
technique to prepare a microcapsules, a small
particles that contain an active agent or core
material surrounded by a shell of limited
permeability. Microencapsulation helps an active
material enveloped in microcapsule wall which
protects it from external environment. The aroma
core is released by diffusion through the
microcapsule wall or by rupture of the
microcapsules. These microcapsules can be
applied to fabric by simple pad-dry sequence or by
coating method. During wear, simple mechanical
rubbing of fabric gradually ruptures the membrane
that releases the active agent for therapeutic,
energy boosting, stress busting, moisturising or
deodorising effects [8-13].

Many researches have reported the textile
applications using the microcapsule contained
natural essential oil. G Thilagavathi et al. [9] had
prepared the antibacterial fabrics coated by the
microcapsule containted the neam oil essential and
the oil extracts from mexican daisy. The
microcapsules consisted of the oil herbal extracts
as active core material and gum acacia as a wall
material. The test of antibacterial had conducted
using the Staphylococcus aureus and Escherichia
colibacteria. Senem Karagonlii et al. had prepared
the thyme oil loaded microcapsules for
antimicrobial textile [10]. The microcapsiles
using thyme oil as active agent and gelatin and
gum arabic as wall materials. The durable aroma
finished on cotton fabric using microencapsulation
technology had been conducted by L. BHATT et al
[8]. Four kinds of natural essential oil (basil oil,
lemon grass oil, orange oil, tea tree oil) were used
as core material and the gelatin and gum acacia
were the membrane of microcapsule in their
reaserch. The most efficace essential oil was
considered as lemongrass oil. Microencapsulation
of fragrance agent and natural volatile oils for
application in cosmetic textile had repported by
Rumeysa Tekin et al. [11]. The microcapsules
with diameters ranging from 10 mm to 80 mm had
prepared by interfacial polymerization technique
using the fragrance Teddysoft as a core material,
PVA as surfactant and the polymer wall of
microcapsules was the polyurethane. The hand
towels then coated by microcapsules contained
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fragrance and by fragrance without microcapsules
which mixed with the fabric softener. These hand
towels passed the laudering cycles and were let to
dry for a week to qualitatively evaluate the
fragrance by nine perfumers and by headspace-
GCMS analysis. Both the evaluations showed that
the hand towels washed with the fabric softener
including microcapsules smelt stronger after a
week. Moreover, the authors found more the
volatile compounds of the fragrance existed on the
hand towel treated by the microcapsules than these
ones applied directly by the fragrance without
encapsulated. The results demonstrated the
efficace of microencapsulation technique to
maintained the fragrance for textile products.

Odor is a psychophysical phenomenon. For the
human senses, the smell considered as the most
complex. For odor measurement, there have been
different methods which use instruments such as
gas chromatograph to determine the odorous gas
concentration in ppm and olfactory sensory
methods which use the human sense of smell [14].
The odor evaluation of the fragrance fabric was not
always easy because of incompliance of the
methods for this kind of product.

The fragrance durability by the time or by
washed cycles of the garment treated by
microcapsules contained the natural essential oil
had been reported in many researches but the odor
fastness influenced by pressure caused by the

g [

extension of knitted fabric band coated by the
microcapsule containing the cinnamon essential
oil had been seldom noticed in the papers and that
was also the aim of the current research.

2.Materials and Methods

2.1 Materials

Knitted fabric: The research has used the
interlock fabric knitted by the CVC yarn (60%
cotton, 40% polyester) with yarn count of Ne 40/1.
The fabric mass was 175.7 (g/m2) and the fabric
thickness was 0.8 mm. Its loop length was 2.75
mm. The fabric was knitted on Kingknit machine
(Taiwan) with the needle cylinder diameter of 30
inches and machine gauge was E24.

Fragrance agents: The experimental process
had used a natural cinnamon essential oil in liquid
form and the solution of microcapsules contained
cinnamon essential oil (5 % w/w) as aroma agents.
The microcapsules (Figure I) that were kindly
provided by the project T2021-PC-044 (Vietnam).
The cinnamon essential oil - loaded microcapsules
were prepared by solvent evaporation method.
Their membrane was eudragit RSPO and the
quillaja saponin was used as the natural surfactant
while ethyl acetate was the non - halogenated
solvent applied during microencapsulation
process. The microcapsules had nearly spherical
shapes with the mean diameter of around 25-30 pm
[15].

Figure 1 Eugrarit RSPO microcapsules contained cinnamon essential oil.
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2.2 Methods

2.2.1 Investigation of microcapsule
morphology

The scanning electron microscope (SEM)
JEOL model JSM-7600F (USA) was used to
investigate the morphology of Eugrarit RSPO
microcapsules contained the cinnamon oil
essential before and after treating to the knitted
fabric. The working conditions SEM was kept at
5.0kV; LM mode and WD 8.0 mm. For the original
microcapsules, a small drop of mother
microcapsule suspension was placed on the sample
holder of SEM equipment while the fabric coated
with microcapsules had been cut on a small piece
of fabric, which then was stick to the sample holder
with the fabric surface containing microcapsules
faced up. The observation was captured at
magnifications of x100 and x500 for fabric treated
by microcapsules and the observation was taken at
magnifications of x10.000 for the details on the
microcapsule polymer membrane.

2.2.2 Fragrance evaluation

In this study the fragrance intensity of fabric
samples treated by microcapsules contained
cinnamon essential oil had been evaluated by
expert method in combination with the comparison
of diluted sample methodthe. The fragrance
intensity was chosen as odor characteristic to
evaluate fragrance of the investigated fabrics. The
fabric samples treated by microcapsules contained
the fragrance agent had been evaluated by expert
method in combination with the comparison of
diluted sample method based on the standard
ASTM D 1292-10 [16] and on the measurement of
intensity by magnitude scale procedure.

The aqueous solution of microcapsule had
gradually diluted by distil water and has been
contained in a small bottle of 10mL. Eleven bottles
had been prepared with different ratio of
microcapsule volume solution, which was 0%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%
and 100%, corresponding to the fragrance points of
0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100. The
bottles had then well tight closed during the
experiment. The bottle of total distil water is “no
odor” and was considered as “blank”. The
perfumers have been trained to participate in an
evaluation fragrance [16-18]. Every perfumer has
smelled the fabric sample and compared to the
sample bottles with its fragrance grade then has
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given out a point in a hundred grades. Before
changing to evaluate another fabric sample the
perfumer have been demanded to smell the bottle of
zero fragrance grade. The perfumers had not any
discussion to each other during the evaluation
experiment [18].

2.2.3 Influence of fragrance agent kind on the
odor durability knitted fabric

Two kinds of fragrance agent have been used: the
first was pure cinnamon essential oil and the second
was the Eugrarit RSPO microcapsules contained
cinnamon essential oil. The investigated fabric was
cut into the fabric samples with the size of 50 mm
x50 mm. Nine fabric samples for each test of
fragrance agent kind and there was total of 18 fabric
samples had been prepared for two kinds of
fragrance agent.

The experimental process of odor assessment
was carried out in an environmental condition with
the temperature of 310C-31.50C and the relative
humidity of 46 %-50 %, which was the typical
climate of the south Vietnam. The survey process in
the odor assessment was carried out by 6 participants
aged from 8 to 45 years old, including 2 males and 4
females in respecting the different olfactory
threshold of sex and age of the participants [18].

ImL of solution of Eugrarit RSPO microcapsules
contained the cinnamon essential oil was coated
evenly to the surface of nine prepared fabric samples.
On the other hand, 1 mL of pure cinnamon essential
oil was also applied to the surface of the other nine
fabric samples. Then all 18 fabric samples have put
into the refrigerator at temperature of 2°C and at 20%
of relative humidity for 24 hours, that process aimed
to harden the microcapsules.

Fragrance durability of the fabric samples were
then evaluated for every 60 minutes from the first
hour to the ninth hour to compare the fragrance
durability of the fabrics treated by pure cinnamon
essential oil and by microcapsules contained the
cinnamon essential oil.

2.2.4 Influence of the extension on the
fragrance durability of knitted fabric band
coated by Eugrarit RSPO microcapsules
contained the cinnamon oil essential

Four levels of extension knitted fabric band had
been prepared by cutting four knitted fabric samples
of equal size (8 cm x 3 cm). Then 2ml solution of
microcapsules contained the cinnamon essential oil
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had coated on the fabric surface. The fabric
samples then stored in the refrigerator with the
temperature of 20C and the relative humidity of
20% for 24 hours to solidify the microcapsule on
the fabric.

After being stored in the refrigerator
environment the fabric samples coated by
microcapsules were sewn to form a cylinder band
then were looped into four glass jars. Four glass
jars with different circumferences as 9.7 cm, 12.6
cm, 13.5 cm, 14.7 cm were used to induce the
knitted fabric extension of 21.25%, 57.5%,
68.75%, 83.75%, respectively (Figure 2). The
fabric surface coated with microcapsule was faced
on the wall of the jar.

o

97cm 12,6 cm 13,5cm 14,7 cm

Figure 2 Fabric samples with microcapsules are
wrapped in 4 glass vials with different circumferences
0of 9.7 cm, 12.6 cm, 13.5 cm, 14.7 cm, forming 4
different extension levels.

The fragrance evaluation process was carried
out in two sample lots:

*The first sample lot: The knitted fabric band
was extended by the jars for 1 hour before
fragrance evaluation, which was carried out at the
thermostatic cabinet (the temperature was 32°C,
and the relative humidity was 58%). After 1 hour in
extension, the knitted fabric bands were taken out
from the jars and passed to odor evaluation. The
fragrance evaluation was obtained 9 times for
every 60 minutes from the beginning moment at 0
minute to 540 minutes. The odor panel includes 8
people aged from 21-25 years old who were
students of Hanoi University of Science and
Technology, they were 4 males and 4 females. The
perfumers sniffed each sample in turn and
compared it with 11 reference scent bottles on a
scale of 0 to 100 rating points then given their
personal point of the smell sample.

* The second sample lot: The fragrance
evaluation process was similarly caried out to the

TEXTILE AND GARMENT MAGAZINE

first sample lot excepted that the during in
extension before fragrance evaluation of the
knitted fabric bands was 2 hours. The aim of longer
duration of knitted fabric band extension was to
investigate more detail the behavior of fragrance
fabric treated by microcapsule contained oil
essential.

3. Results and Discussion
1. Investigation of microcapsule
morphology

Figure 3 SEM images of knitted fabric surface with
the coated microcapsules

Knitted fabrics were always prepared with low
twist yarn that gave them specific characteristics
such as soft, good on-air permeability and so far.
When application of microcapsules on the knitted
fabric, the small particles of tens micrometers size
had been easily distributed on the surface of the
knitted fabric but not deeply in the fabric structure
(Figure 3). This microcapsule layer on fabric
surface may be useful for liberation process of
cinnamon essential oil from the knitted fabric
band. Moreover, the microcapsules kept their
spheric form. They did not be deformed and could
guard the cinnamon essential oil for the liberation
process.

The more important magnification of x 10 000
helps to observe the structure of the microcapsule
membrane (Figure 4).
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Figure 4 SEM images of microcapsule membrane

Many porous with the different dimensions
from some tens nanometer to some hundreds
nanometers had been observed in the microcapsule
membrane that insists the porous structure polymer
membrane of the Eugrarit RSPO microcapsules
contained the cinnamon oil essential [15]. The
quantity and the size of the porous could be
controlled during the microencapsulation and so
the liberation rate of oil essential may be change
suitable to the application target[15].

2. Influence of fragrance agent kind on the
fragrance durability of treated knitted fabric

in

iy [pairts]

FRagrance inkens

0 100 200 300 400 S0 GO0

Time [min)

—i— hicrocapsule  ——Ch| essetial

Figure 5 Odor strength of pure cinnamon essential oil
evaluated for 540 minutes

In odor to investigate the efficacy of
microcapsule on the control of oil essential
liberation the pure cinnamon essential oil and the
microcapsules containing cinnamon essential oil
was used as fragrance agent in this test. The results
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of the fragrance stability between microcapsules
containing cinnamon essential oil and pure
cinnamon oil were given by graphs in Figure 5
which showed that after 3 hours of evaluation (at
180 minutes), the odor intensity of the fabric
sample treated by pure cinnamon essential oil was
decreased from 15.6 points at the beginning to 7.5
points (decreased in 52%) while the odor intensity
of that one coated by microcapsules cinnamon
essential oil was in diminution from 9.9 points to
5.7 points (decreased in 42 %). It was mentioned
that at the beginning, the difference in fragrance
intensity between two kinds of knitted band was
about 6 points. Moreover, in the time from 360
minutes to 540 minutes, the intensity of pure
essential oil is reduced from 6.5 points to 2 points
(decreased in 69%) while the odor intensity of
cinnamon essential oil microcapsules decreased
more slowly from 2.5 points to 1.5 points
(decreasing in 40 %). The evaluation after 9 hours
(at 540 minutes) showed that the odor concentra-
tion of cinnamon essential oil microcapsules was
1.6% and the concentration of pure cinnamon oil
decreased to 2% with difference fragrance
intensity was only 0.3 points, which showed that
pure cinnamon oil evaporates very quickly and the
cinnamon essential oil microcapsules were much
more durable in keeping their fragrance. The lower
diminution rate in odor intensity of the knitted
fabric treated by the microcapsules contained the
cinnamon essential oil demonstrated that the
porous microcapsule membrane plays important
role in retarding the evaporation of the cinnamon
oil essential from the microcapsules coated in the
fabric surface.

3. Investigation the influence of the extension
on the fragrance durability of knitted fabric band
coated by Eugrarit RSPO microcapsules
contained the cinnamon oil essential

The evaluation of the fragrance intensity by
two fabric lots after 1 hour and after 2 hours were
presented in Figure 6. The results showed that in
general, the higher the jar size caused the the
greater the pressure exerted on the jar wall, that
made more the cinnamon essential oil to be
released from the microcapsules via their porous
membrane so the fragrance intensity of the knitted
fabric band tended to decrease when their
extension was increased. But for the first fabric lot
(after one hour of extension), the odor intensity of
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the knitted fabric band was obtained with 30.37
point, 34.50 points, 26.87 point and 29.75 point
corresponded to the extension of at the minimum
extension of 21.25%, 57.5%, 68.75%, 83.75%, not
very clear tendency on odor intensity, which may
be explained that one hour in extension was too
short time to make the force on the every
microcapsule to push the cinnamon essential oil
capturing from the porous polymer membrane.

=i 1 I

il ] Fiiiiif

Figure 6 Fragrance stability of cinnamon essential oil
microcapsules at the different extension of fabric.

The results of second lot (after two hour of
extension) showed more clearly the decreasing
tendency in fragrance intensity with higher
elongation of the knitted fabric band when they
sustained extension in two hours. The knitted band
with the lowest extension of 21.25% obtained the
maximum average fragrance intensity of 43.1
points, and the sample with the maximum
extension of 83.75% had got the minimum average
odor intensity of 17.5 points (Fig. 6). These results
demonstrated that after two hours sustaining the
pressure caused by knitted fabric extension, the
force had transmitted though the fabric layer to the
microcapsules and had forced the evaporation of
the cinnamon essential oil through the porous
membrane. The more extension applied, the more
force imposed on the microcapsules and the more
essential oil had evaporated from the knitted fabric
band. In the consequence, the fragrance intensity
of'the fabric band had decreased when their applied
extension was increased. The experimental results
showed that liberation of active substance may be
controlled from the microcapsule coated on the
fabric by the extension applied on the fabric.

4. Conclusion

The problem of long-term retention of essential
oil on the fabric surface for the purpose of
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preserving fragrance or promoting the necessary
properties of the essentiel oil for a long time was
one goal of the works. Cinnamon essential oil
contains many healthful compounds but it is
quickly evaporatetes and coumarin compounds
easily cause skin irritation when exposed to large
amounts of skin. Therefore, using microencapsula-
tion in this study showed the good effectiveness of
microcapsules contained the cinnamon essential
oil for long-lasting fragrance on the fabric.
Moreover, the fragrance intensity of microcap-
sules contained the cinnamon essential oil was
showed decreasing with the higher compressive
force corresponding to the larger extension applied
on the fabric band. So, the liberation of the active
agent such as essential oil from the microcapsules
coated on the knitted fabric band could be
controlled by fabric extension. The results could be
applied on the therapy textile field and medical
textile as compression garment.
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NOJIMMEPU B TEKCTUJTHOTO,
KOXXAPCKOTO 1 ObYBHOTO NPOU3BOACTBO
BUAOBE NOJIMMEPU C MPUNOXEHUE B TEKCTUNTHOTO,
KOMXAPCKOTO U OBYBHOTO NMPOU3BOACTBO -
CMHTETUYHWU XETEPOBEPUXXHU NMOJIMMEPW.
NMOJINYPETAHU (PU).

NoJIMAMUNAN (PA). NOJINECTEPU (PES)

Dapuna XXEJIEBA
XvMmKoTexHonornyeH n MetanypruyeH YHUBepCUTET, KaTegpa TEKCTUN U KOXKM
6yn. "KnumeHT Oxpuackmn" 8, 1756 Codus, bbnrapua
e-mail: jelevad@uctm.edu

PE3IOME

3a uznonzeanemo Ha noruMepU Kamo Mamepuan 8 MeKCMuIHOmMO, KOJHCAPCKOMOo u 00Y8HOMO NPOU3800CHEO
€ Om UBKIYUMENHO 3HAYeHUe NOZHABAHEMO HA MAXHAMA CMPYKmMypd, CIpoedica U C80UCmEama, 0CHOBHUME
npoyecu Ha cuHmes Ha noaumepu. Brakna u Opyeu uzdenus om nonumepu ce paznuyasam no ceoume MexaHuyHu
c80liCmea, KOUmo 3asuciam om pasmepume, 2b8KA8OCMma, opmama, cmpoesca u Xapakmepa Ha 83auUMHONO
PA3NON0dCEHUE HA MAKPOMOIEKYIUme, MaKd Cbujo U Om memnepamypamd.

Honumepume ca uzepadenu om 02poMHU NO pazmMepu MAKPOMOIEKVIU, CbCMOAWU ce Om 20JIAM Opoll amomu,
C8bP3AHU NO MeHCOY CU C XUMUYHU 8PBIKU U NOOPEOeHU 8 eOHA CIMPYKMYpPd, CbCMoAud ce om MHO20KPAMHO
nosmapawu ce 0CHOBHU 38eHd, HApeueHu MOHOMepHU 36eHa. llonumepume ce Oensam Ha 08e OCHOBHU 2PYNU:
ecmecmeeHu (yenynosa, bermvyu, ecmecmeen Kayuyk u 0p.) u CUHmemudnu (Kayuyyu, niacmmacu u CUHMemuyHy
811AKHA: NOTUECEPHU, NOTUAMUOHU, noaUypemanosu u op.). Cunmesupanemo Ha 6CeKu NOTUMED NPEMUHABA NPe3
2 emana: noryuasane Ha MOHOMepPA U NPespbiyanemo My 6 noaumep. 3a npomudane na peakyuume e HeodXxooumo
MONEKYIama Ha MOHOMepa 0d CbOBbPICA CLONCHU 8PB3KU, HEYCINMOUYUGU NPLCINEHU UTU PEeaKyUOHHOCNOCOOHU
epynu. Onucanu ca OCHOGHUME MemoOu HA CUHMe3 HA NONUMEPU: NOAUMEPU3AYUs: PAOUKAN08d U UOHHA,
NONUKOHOEH3aYUs, NOTUNPUCLEOUHABAHE, IOHHO-KOOPYUHAYUOHHA NOTUMEPUZAYU, NOTUMEPU3AYUSL C OMBAPAHE
HAa npvcmena.
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POLYMERS IN TEXTILE, LEATHER AND FOOTWEAR
PRODUCTION TYPES OF POLYMERS WITH APPLICATION
IN TEXTILE, LEATHER AND FOOTWEAR PRODUCTION -
SYNTHETIC HETEROCHAIN POLYMERS.
POLYURETHANES (PU). POLYAMIDES (PA). POLYESTERS (PES)

Darina ZHELEVA
University of Chemical Technology and Metallurgy, Department of Textiles and Leather,
8 Kl. Ohridski Blvd., 1756 Sofia, Bulgaria
e-mail: jelevad@uctm.edu

ABSTRACT

The application of polymers as materials in textile, leather and footwear industry it is extremely important to
know their structure and properties, the main processes of polymer synthesis. Fibres and other polymer products
differ in their mechanical properties, which depend on the size, flexibility, shape, structure and conformation of
macromolecules, as well as temperature.

Polymers are made up of huge macromolecules, consisting of a large number of atoms connected by chemical
bonds and arranged in a structure consisting of repeating basic units called monomer units. Polymers are divided
into two main groups: natural (cellulose, proteins, natural rubber, etc.) and synthetic (rubbers, plastics and
synthetic fibres: polyester, polyamide, polyurethane, etc.). The synthesis of each polymer goes through 2 stages:
preparation of the monomer and its conversion into a polymer. For the reactions to take place, the monomer
molecule must contain complex bonds, unstable rings or reactive groups. The main methods of polymer synthesis
are described: polymerization: radical and ionic; polycondensation; polyaddition, ion-coordination

polymerization; polymerization with ring opening.

Yacr II1
BuaoBe nmosiumepu ¢ npuJioKeHue
B TEKCTHUJIHOTO, KOKAPCKOTO U 00YBHOTO
NMPOU3BOJACTBO

B 3aBucumocT OT mpou3xoja, HauMHaA Ha
MPOM3BOJICTBO U XMMHYHHS CHCTaB MOJUMEPHUTE
ce pa3/IesiAT Ha JIBe T0JIeMHU IPYIU — eCHecneenu
(npupoonu) v xumuunu. Ecmecmeenume ce
JeNnAT Ha: pacmumenuu (LI€Iyn03a, €CTECTBEH
KayuyK U JIp.) U ocu6omuHckuy (KojJareH, KepaTuH 1
IIp.), a Xumuunume Ha: usKycmeenu (BUCKO3a U
ap.) ¥ cunmemuyny (TIOJTUETHIIEH, TOJIUECTEPH,
ITAH, cuHTeTHYHM Kay4dyLly ¥ JIp. ).

CHHTEeTHYHM XeTepPOBePUKHH IMOJTUMePH
Hommyperanu (PU)

I. Hommyperann (PU, UR) - xapakrepuc-
THKA
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[lonnyperanu ce HapuyaT MOJIUMEPH, ChIBP-
KallM 3HAYUTEIHO KOJIUYECTBO YpemaHosu
2pynu, HE3aBUCHMO OT OCTAaHaJIaTa yacT Ha MaKpo-
MoJiekynara. Tazu rpymna noiuMepu ce noiydana
IIOCPEICTBOM PEAKIIMsI Ha IOJIUIPUCHEINHABAHE.

VYperaHoBUTE NOJUMEPU CE€ IOJydaBaT NpU
B3aMMO/ICHICTBHE HAa MOJMU30LHAHATH (IIPEIUM-
HO JIMU30LIMAHATH) C BELIECTBA, KOUTO ChIbPIKaT
HSKOJIKO XMPOKCHJIHM I'PYNIM B MOJIEKYJIaTa CH
(Hamp. IVIMKOJY, TOJHUECTEPU ¢ KpalHU XUIPOK-
CWJIHU TPYTIH U JIp.).

—NH—C —0O —
Il
O
BewuiHocT yperaHoBara rpyma ce mojydyaBa
P B3aUMOJICIICTBHE HA M30LMAHATH U XUAPOK-
CUJTHU TPYTIH.
XUJIPOKCUICHIbPKAIINUTE BEHIECTBA, ydacT-

Ballli B pEaklUMATa, OOMKHOBEHO ChIBPXKAT U
JIpYyTH PEaKUMOHHOCIOCOOHM Tpylu, Mopaiu
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KOETO B CHHTE3UPAHUTE YPETAHOBH €JIACTOMEPH Ca
HallWIle Olle aMHIHHU, KapOaMHUIHH, €CTEpHH,
eTepHH TPYIH, CHIIO apOMaTHU W anudarHu
paguKay u JIp.

_O=C=N—R—-N=C=0 +
O

_HO—R—OH
O o)

[Ipu B3aumojnelicTBUE HA Ouuzouuanamu c
Ouo/1u Ce NoJTyvyaBar JUHEHHU OJIMMEPHU:

—

] |
—» O=C=N— R—NHZC—[ -O—R—O—C—NH—R— NH—(”j—] —O0—R—OH
n-1

I'maBHaTa Bepura chbabpiKa a30THU U KHCIIO-
POIHU aTOMH, CIIEOBATEIIHO MOJIUYPETAHUTE CE
OTHACAT KbM TpyliaTa Ha XeTepOBEPUIKHHUTE eJac-
tomepu. [Ipu yBennuaBane 6post Ha GyHKIIMOHA-
HUTE TPyIU B MOJIEKYJIaTa Ha €AMHUS WM B J1BaTa
KOMIIOHEHTa [0 TpU U IOBeYe, MOraT Ja ce
I10JTy4aT pa3KJIOHEHH UJIN OMPEKEHH ITOJIUMEPH.

[Tonuyperanute ca moiauMepu, IpU KOUTO €
BB3MOKHO LIEJIEHACOUEHO Jla Ce peryinupa opos Ha
HalpEeYHUTE BPB3KH, I'bBKABOCTTA Ha IOJIUMEP-
HUTE MAaKpOMOJIEKYJIM U XapaKTepa Ha MEXKIyMO-
JIEKYJIHUTE B3auMOJEHCTBUA. ToBa MMEHHO AaBa
BB3MOXKHOCT MOJUYPETAHUTE J1a CE€ H3I0JI3BaT
KaTo pa3Ho00pa3Hu MaTepuaan — TBbPAU U MEKH
€J1aCTOMEpH, TBbPAU U €JJaCTUYHU IeHOMaTepHa-
1, BIIaKHa, IJIACTMACH, Pa3JIMYHU TEPMOPEaKTHB-
HU TIOKPUTHSL.

R-N=C=0 + HA

M3oumnanarure pearupar cbC ChbEAMHEHUS,
KOUTO chabpxkar OH-rpyna (ankoxonu, (enomu,
H,0, kapOoKCUIHM KHMCEJIMHU, HEOPraHUYHU
KHUCEJIMHM); CbC CHEIUHEHMsI, KOUTO ChABPKAT
NH-rpyna (IbpBUYHU, BTOPUYHU alupaTHU
amuau, NH,, xuapa3ud, aMUHOKUCEITMHHA, aMUIH,
KapOaMUIU, ypeTaHH); CbC CbEIUHEHUS, KOUTO
ceabppxkar SH-rpymna (Mepkantanu, THO()EHOIH).
Te pearupar mo Mexay cu 4pe3 AUMEpH3alUs U
TPUMEPU3ALINs, IPU KOETO C€ MOIydaBaT XeTepo-
MIPBCTEHHU.

OcHOBHUTE B3aUMOJIECHCTBHS Ha M30LIMAHAT-
HaTa rpyna cbc CbeIMHEHUS, ChIbPKAIN AKTUBEH
BOJIOPOJ, Ca CIETHUTE:

* C AJIKOXOJIM JI0 YPETaHU:

R-NCO + HO-R;, — R-NH-CO-O-R,
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II. OcHOBHH M3XOJAHM KOMIIOHEHTH 32
CHHTeE3 HA MOJIMYPeTaH!

1.1. M3oyuanamu

[ToBeyeTo OT XMMHYHHTE OTHACSIHHUS Ha
MOJIUypETAaHUTE Ce OMpPENeNsIT OT CBOWCTBaTa Ha
M3oLMaHaTHaTa rpyna. Ts e CuiiHO HeHacuTeHa, Ha
KOETO C€ IBJDKM HeifHATa PEaKTUBOCIIOCOOHOCT C
IpYyTU CHhEIMHEHUs, KAKTO U MEXJIYy CaMUTe
M30LIMaHATHU TPYTIH.

[Ipu peaknuu ChC ChETUHEHUS, ChIbPIKAIII
aKTHUBEH BOJOPOJ, TOW C€ MPUCHEAUHSBA KbM
a30Ta Ha W30IlMaHATHATa rpymna, a OCTaHaJIuA
pagukaa A — KbM BBINIEpOJa Ha KapOOHMIIHATA

rpyna:

IC=O

R- :E:O —_— R-II\I-

Al H

-7

* C aMHHH J10 CyOCTUTYUpaHU KapOaMuIu:

R-NCO + NH,-R, — R-NH-CO-NH-R,

" C OpraHUYHHU KUCCJIIMHU 10 aMUJIU Ha Kap601<-
CHJIHH KHCCIIMHH, CHIPOBOJECHU C OTAEISHE Ha
CO.:

R-NCO + HOOC-R; — R-NH-CO- R; + CO,
" C MCPKallTaHU 10 THOYPETaH:
R-NCO + Rj—SH —= R-NH-CO- SR,

* [IpU NOJy4YaBaHE Ha IEHOIOJHYPETAHU
(PPU) e BaxxHa peakusATa ¢ BOAATAa, PU KOSITO 2
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MOJIEKYJIM H30I[MaHaT pearupar ¢ 1 Moiekyna
Bojia. [1pu Hes Hali-HaNpe ] Bb3HUKBA €MH AMHUH U

ce otnenst CO,, cieql KOeTO aMUHBT B3aUMOJICH-
CTBa C M30I[MaHAaTa J0 MoTy4yaBaHe Ha KapOaMu;:

+ R-NCO

R-NCO + H,0 —> R-NH, + CO, ——» R-NH-CO-NH-R

Koraro mpu B3auMOAEHCTBUETO €IUHUAT OT
PEaKIMOHHUTE KOMIIOHEHTH € B M3JIUIIBK Ce
IoJy4aBa MPEANoauMep, CbAbPKAIl B U3JIMIIBK
KpaitHu ()yHKIIMOHATTHY TPYIIH, ChOTBETHO U30IH-
AHATHU WU XUAPOKCUITHU.

OCN —(CH,)¢—NCO

OCN —@— CHZQ— NCO

N CHs
Elj_ NCO OCN —@— NCO
NCO

W3onmanarure, U3MO0I3BaHU B MOJIMYPETAHO-
BaTa XUMHUs UMaT €IHO oOI0 Ha3BaHUE —
JIECMOypH.

1.2. Xuopokcuncvovporcawju KomnoHeHmu

IIpu mpowuszBoactBoro Ha PU ce wm3mon3sar
XUAPOKCUIICHABbPKAIIM KOMIIOHEHTH, KOUTO B
MOBEUYETO CIIy4yau ca IMOJIMMEPHH ChEAUHEHUS C
kpaiitnu OH-rpynu. Yecto ce Hapuyar aecMode-
HH 1IN 1€CMOKOJIH.

Morar na ce M3MON3BaT Pa3IUYHU JUOIH
(ukomnu), monajaiiyd B JB€ OCHOBHM Ipynu: 1)

HOOC-R-COOH ~ +

CpoiicTBara Ha nonyuyaBanus PU 3aBucsar ot
CTPYKTypara 1 MOJIEKyJIHaTa Maca Ha IOJIMEeCTEP-
nosmonute. Hanpumep, PU Ha 6a3za ectepu Ha
aJUNMHOBAaTa KHCEJIMHA Ca I0-€JaCTUYHU M I10-
MEKH OT Te3H Ha hTajioBara.
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W3nomns3Bat ce romsim Opoil M30IMaHATH 3a
MIPOU3BOJICTBOTO HA TMOJMYPETaHHU, MO-BAXKHU OT
KOUTO ca:

1,6-xexcamemunen ouusoyuanam (/Jecmooyp H); HDI

4,4"-oudpenunmemanouuzoyuanam, MDI

2,4- u 2,6-monyunenouuzoyuanam (lecmooyp T); TDI

MOJIMECTEPAJIKOXOIHN (ITOJIMECTEPIIONNONIN) U 2)
noJjMeTepangkoxonu (monuerepu) ¢ kpaitnu OH-

IpyIu.

a) nonuecmepnonuonu

[TonuecrepronuonuTe ce moixy4aBaT Ha 0Oaza
MOJIMKOHACH3AaIMOHHU PCAKIIMU MCKAY IAUKaAp-
OOKCHJIHHM KHCEIWHU (agumnuHoBa; (TaJIOB
AHXUJPUA) C U3IUINBK HA JUOIH (ETHIEH-,
IMPOITUJICH-, )II/IGTI/IHGHFJ'II/IKOJ'[) HNIJIN CMEC OT JUOJIN
U TPUOJH (TIMIIEPHH, XEKCAHTPUO) 110 CJICAHATA
cxema:

( +1)HO‘R1'OH ——» HO-R;-[O-CO-O-R],-OH + 5, H0

0) nonuemepnonuonu

[lonuerepankoxoauTe ChABPKAT €TEpPHA
rpyna (C-O-C) u ce momydyaBaT OT €THUJICHOB U
MPOMMUIJICHOB OKCHUJI U AJTIKOXOJIH.
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MHOToQyHKIIMOHATHUTE TOJTHETEPATKOXOTIN
umat 4 u noseue OH-rpynu. Moxe na ce
ectepuuuMpar ¢ opraHnyHu kucenuHu. Te ca
BHUCKO3HU TEUHOCTH U IPHU Pearupane ¢ Tuu30Ima-
HAaTH M aKO C€a B3CTU B U3JIMIIBK CC MOJJydaBar
MpPEANnoJUMEPH, CIIOCOOHU 3a IMO-HAHATBHIIHO
pearupase ¢ U30I[MaHAaTH.

1.3. Cnomacamennu 6ewjecmsa u 006asKu

a) kamanuzamop

ITo3naru ca 3 rpynu aelcTBaliy KaTajau3aTo-
pH: TEepLUHUEpPHU AMHMHH; AJIKAJIHU BEIIECTBA;
METaJOpraHUYHMU cbheAuHeHusd. Te perynupar
IIPOLECa HAa B3aUMOJEHCTBUE MEXY U30LMaHaTa
Y TIOJIHOJIA.

0) yovaxcumenu (ompexcumenu) Ha noJau-
Mepuama eepuza

VYibkuTenure (OMpexXUTENNTe) Ha OTUMEp-
HaTa BEpUIa IPEICTABIABAT HUCKOMOJIEKYJIHH
OMQPYHKIIMOHATHU CHEAMHEHUS, KOUTO TOpaIn
roJisiMara CH MoJIBU’KHOCT JIECHO CBBP3BaT OT/IEN-
HU TIOJMMEpPHHM BEPUTHM M TH YABJDKaBaT WIH
oMmpexBar. ToBa ce paBu Hal-4€CTO IPH IOJTyda-
BaHe Ha Mekd U emactrnuHu PU. 3a Ta3u uen ce
U3MOJI3BAT CIEAHUTE YIBJDKUTENIN Ha BEpUrara:
HUCKOMOJIEKYJIHU JIMOJI WIIH MIPU €JaCTOMEpUTE—
JUaMUHHU.

8) nenumenu (nopooopaszysamenu)

[Tpu nenononuyperanute (PPU) Haii-uecto ce
M3ITI0JI13Ba peaKIUsITa MEXK Ty U30I[HaHaTa U BOJIaTa.
Henoctarbk Ha TO3M METOA € IMOJy4yaBaHETO Ha
OTKpHUTHU nIopu U qudyHaupanero Ha CO,, mopaau
KOETO W3/ICJIMETO CE€ CBUBA. 3aTBOPEHHU U YCTOM-
YHMBH [TOPH CE NOTY4aBaT C U3I0I3BaHE HA BEILIECT-
Bakaro: CFCl,, CF,Cl,.

> OCN—@—CH2—©—NCO + HO—R—OH

2) cmabunuzamopu Ha naHama (neHocmaou-
auzamopu)

[Tpu momy4aBaneto Ha PPU e HeoOxomumo ma
Ce CHHXPOHHU3Hpa 00pa3yBaHETO U BTBHP/ISIBAHETO
Ha 1stHara. M31mon3BaTr ce HOHONeHHU U HEHOHO-
reanu ITAB.

0) Opyzu 0obaexu

TakuBa morar ga Owpgatr: ITAB; meanureny;
MUTMEHTH, OMEKYUTEIH U IIacTUPUKATOPH;
MIPOTUBOCTAPUTEIH U JIP.

2. Cunre3 Ha noamyperanu (PU)

[Tonuyperanute Mmorar aa ObJ1aT CHHTE3UPAHU
10 Pa3JIMYHU METOAM, HO 3a LeJIUTE Ha 00yBHATa
MIPOMUIIIEHOCT C€ MOTy4yaBar Halfi-4ecTo IpHU B3a-
umoneiicteue Ha 4,4'-audeHuIMeTaHIun30-
[[MaHAT U MOJUECTEPIIONNO, a 3a MOIyYaBaHETO
Ha BHCOKOEJACTHMYHM CUHTETUYHU BJAKHA C€
U3I0J13BaT MOHOMEPUTE: XEKCAaMETHJIEHIUHU30-
nyraHat u OyraHauoi. B cucremara ce moOaBsT
ole 1 Bozia (3a nony4asane Ha PPU), karanusaro-
pH (aMUHU WX OJIOBHU ChEAMHEHNUS) 1 HUCKOMO-
JIEKyJIeH IO, 3a 1a e YBEJUYH Pa3lIeHBAHETO Ce
n00aBAT MEHUTENH, KOUTO Ca JICCHOKHUIISAIIN
teuHocTH, Harpumep CFCl,. Tlonsikora ce no6ass
Y CWJINKOHOBO MacJI0 KaTo IUCIIEPraTop.

da3u Ha mpolieca Ha MoJy4yaBaHe Ha IEHOIMO-
muypetanu (PPU):

2.1. B3aumooeiicmeue na ouuszoyuanama c
noiuecmepnoaIuona:

Toga B3anmoseiicTBre TpsiOBa Aa ce MpoBexkIa
IIPM M3JIUIIBK Ha W30LMAHATHU TPyIHU CIPIMO
XUAPOKCWIHNATE B cucremara. Karo kpaeH pe-
3yATar ce mnosydaBa npeanonumep (PP), xoiiro
IIPUTEKaBa KpalHU U301{UAHATHU TPYTIN:

B ——

— 0cN—_y—cH;~_)—NH— €O -0-R-0-C0-NH{_y—cn~_)—Nco
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2.2. Peaxuyuu na npeononumepa (IlIl) c
6ooama:

B pesyarar Ha TOBa B3aMMOJEHCTBHUE C€
CBBP3BAT Pa3IUYHU KOJINYECTBA NPEANOIUMED U
ce moinydaBa yperaHoB kayuyk (UR), koiito e

, 0cN—_)—cn;~_)—PP—NCO +

— COZ

[TokazanuTe B3aMMOIEUCTBUA LEIAT MOTyda-
BAHE HAa OTIEJHU IBITOBEPHKHU IPOLYKTH, ra-
PaHTHpAIIH €JIACTOMEPHHS XapaKTEp Ha MPOIYK-
TUTE. 3a chIaTa IIeJI MOrar Ja ce HW3II0J3BaT U
JIPYTH YIIJDKUTEIN HA BEpUTaTa — IHAMUHH.

2.3. Ilpocmpancmeeno ompesrceane

B mpocTpaHCTBEHOTO OMpeKBaHE ydacTBaT
HAJIMYHUTE B IOJIMMEPHUTE BEPUTU KapOaMHIHU 1
YPETaHOBU TIPYNHU U INPENNOIUMEPHU BEPUTU C
KpailHM W30IMaHaTHU Tpynu. BebliHOCT cTaBa
OMpE)XBaHE Ha IOJMMEPHUTE BEpUTU C 00Opasy-
BaHe Ha OMYpPETOBU WJIM anodaHaTHU rpynu. [Ipu
y4qacTHUC Ha Kap6aMI/IILHI/ITe rpynu Bb3HHKBAT

OMypeTOBU IPYIIU:
I
~ -N-CO-N- ~
~ -NH-CO-NH- ~ |
CO
NCO |
I T]\TH
FP — > PP
|
NCO Il\IH
~ -NH-CO-NH- ~ (IZO

~-N-CO-N- -~

B kpaiiHa cMmeTKa, ciell MIpOoTUYaHe Ha OIuca-
HuTe Tpu (hasu, ce noayyasa roroB PPU marepuan,
B YMATO CTPYKTypa ca HalMle ypEeTaHOBH,
KapObaMuIHU, anodaHaTHU, OUYypETOBH, ECTEPHH,
eTepHU U Ipyru rpynu. B 3aBucumoct ot noadopa
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HOH

pasnenen ot otnensiuus ce CO,. Bkirousar ce u
HUCKOMOJICKYJIHH JIHOJIM, KOUTO CBIIO CBbP3BAT
JUHEWHO MpeanoimMepa, Kato OposiT Ha cBOOOI-
HUTE W30IMAaHATHU TPyNHu TpssOBa na Obae Mo-
TOJIsAM OT XI/II[pOKCI/IJ'IHI/ITCI

+ ocN—_)—cny—~_)—PP—NH— €O - NH - PP—~_y—cH;~_)—Nco

Ha U3XO/IHUTE NPOAYKTHU U JOOABKUTE € Bb3MOKHO
3HAYUTEITHO J1a CE U3MEHS CTPYKTYpaTa Ha OMPEkK-
BalllMsl MOJIMMEP, a 3a€/1HO C TOBa U (hpHU3HKOMEXa-
HUYHUTE XapaKTEPUCTUKH HAa TOTOBUS IPOAYKT.

AKO BBIPEKH BCUYKH B3aMMOJCHCTBUS B
Matepuana octaHaT cBobogau NCO-rpynu, Te
pearupar ¢ Bjiarara oT Bb3/lyXa, Taka 4e B FOTOBUTE
MaTepualy JUICBAT CBOOOAHH TaKUBa, a TOBA MY
OCUTYPSIBa yCTOMUYHUBOCT.

B mpomumnenu ycnosuss PPU morar na ce
[I0JIy4aBaT 10 2 OCHOBHHU METOJa: €JHOCTA/IUEH U
JIBYCTaJ€H, KOUTO C€ pa3inyaBar [la HaYMHA Ha
MI0JIaBaHE HAa CMECTA U CMECBAHETO HA OCHOBHUTE
KOMITOHEHTH:

1)Eonocmaouen memoo

N3XxogHuTEe KOMIIOHEHTH Ca TMOCTaBEHU B
pa3IMuHUA pe3epBOapU, KaTO KBM IMOJHOJA ca
BKJIFOUCHU BCUYKM J00aBKHU. /[BaTa KOMIOHEHTa
ce TeMIlepupar U MOJaBaT B J103aTOPH, KBAETO
ABTOMATHYHO C€ OTMEpBa HEOOXOAMMOTO KOJIH-
yecTtBo. OTTam KoiauvecTBaTa MomajaaT B oOI]
CMECHUTEJ, KBJIETO CE HM3BBPIIBA MHOTO HHTCH-
3UBHO pa30bpkBaHe. B cmecutensr ce pa3obpkBar
nuu3oLManara, cmoiara (rmosnmona), H,O, karanu-
3aTOpPUTE, CTAOMIM3aTOPUTE, €MYJITaTOPUTE W
pas3MeHBaIoTO BEHIECTBO CE CMECBAT €IHOBpE-
MenHo. [Ipean na 3amovHe mporechT Ha MeH000-
pa3yBaHe cMecTa ce BiMBa B npecopmure. O0pa-
3yBaHETO Ha MsHa 3arno4sa ~10 s cies cMeCBaHETO
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u 3aBppmiBa cien 1-2 min. CmecTta 3ambiBa
MOJIOBUHATA OT o0eMa Ha (POPMHUTE U TYK 3ar04yBa
neHoobpasyBaHeTo B pe3yirar Ha otaenenus CO,
U yBelHueHHs 00eM 3ambiiBa Isata Qopma.
[IpeaumcTBOTO HA TO3U METOJ € OBP30TO BTBBHP-
naBaHe Ha PPU u 71ecHOTO ChXpaHsABAaHETO Ha
HM3XOJHUTE KOMIIOHEeHTU. HemocTaThlin Ha MeTOIa
ca HeoOXOIMMOCTTa OT MHOTO TOYHO JJO3UpaHE Ha
W3XOJTHUTE KOMIIOHEHTH U TPYAHOTO PETyIupaHe
Ha CIOXHUSA XuMH4YeH mpouec. To3u merox ce
M3I0JI3Ba 3a JUPEKTHO OTJIHUBaHE Ha OOYBHH
XOAuia U €IHOBPEMEHHO 3aKPENBAHETO UM KbM
casrTa.

2) [lsycmaouen memoo

JIBycTaquiHUAT METOJ C€ MpoBekxaa B 2
Pa3HOBUIHOCTH — C MPEANOIUMEP U C IMCEBAO-
npeanonumep. To3uw MeTon 3a MmojgydyaBaHe Ha
[TITY ce u3non3Ba 3a NpPOU3BOACTBO Ha OTACITHU
00yBHH XOIHMJa, KOUTO 4Ype3 3ajenBaHe ce
BKJTFOUBAT B TOTOBUTE OOYBHU HU3/ICITHSI.

[TonyyaBaHeTo Ha BJIaKHA CE€ HM3BBHPILIBA OT
CTONMJIKA, KATO OCOOEHO BAa)KHO € BHUCOKOMOJIE-
KYJHUSAT OJIUMEDP J1a HE CE OKUCIISBA.

OBaKHSBAaHETO MOXKE Ja MPOTEYE U 110 METOAA
Ha MOKpOTO IIpeJIeHe, Upe3 Koarysamus B yTauTen-
Ha OaHs WM MO METOJA Ha CYyXOTO MpeAeHEe upe3
U3MapsiBaHe Ha Pa3TBOPUTEIISL.

3.CBoiicTBa HAa IOJIMYpPEeTAHUTE

Mexny neenero Ha monuyperanu (PU) u
neeneto Ha PVC, PE, tepmoenacromnactu,
Kay4yKOBU CMECH U Ap. UMa MPUHIIUITHA pa3jIHKa.
B nponeca Ha oTiIMBaHE HA FTOTOBUTE U3JETIUS OT
PU ce u3BbpmiBa n camoro cunrte3upane Ha PU B
pe3yiaTaT Ha MPOTUYAHE HA CIOXKHU XUMHUYHHU
B3aumojercTBusa. [Ipu JieeHETO Ha OCTaHAIUTE
MOJINMEPU TaKWBA MPOLECH HE NpoTuyar. EquHcT-
BEHO IIPU JIEEHETO HA KayuyKOBHU CMECH IIPOTHYA
MpoLEeC Ha BYyJKAHU3aLMsA, T.€. OMPEKBAHE HaA
rOTOBUS IOJIUMED.

TEXTILE AND GARMENT MAGAZINE

VYperanoBute kayuynu (UR) ce mpepaboTBar
N0 OOMKHOBEHHTE HAYMHHU Ha KaydyKoBaTa
TexHonorust U Byinkanuzupar npu 100-150°C, ¢
JONBIHUTEIHO KOJHUUYECTBO M30LMAaHAT
(manpumep, 1,5-nadpTunenauuszonuanar; 2,4-
TONMyWIeHANU30IMaHaT U Jp.). CTPyKTypUpaHETO
Ce U3BBPILIBA B pe3yJITaT Ha B3aUMO/IEHCTBUETO Ha
M30I[MaHATHUTE IPYTH Ha ByJIKaHU3UPAIUS aTeHT
C aMUJIHUTE, YPETAHOBUTE U XUIAPOKCUIIHUTE
rpynd B MOJIEKYJHUTE BEpUTH Ha €JlacTOMeEpa.
VYperaHoBuTe Kaydylu BYJIKaHM3UpPAT U C Opra-
HUYHHU TEPOKCUIN U C TMOJHMXAJIOreHHU ChEIu-
HEHUS.

bnaronapenre Ha HHUCKara TeMIleparypa Ha
TOIIEHE IOJIMYPETAHUTE JIECHO ce IpepadboTBaTr
noJ (popmata Ha BJIaKHA M TEKCTWJIHUTE U3JENINS
ce MoJIy4aBar 1o MEeTO/Ia Ha CyXOTO Mpe/ieHe, Jiee-
He [I0J] HaJisiraHe u npecosane. [lonnyperanosure
BJIaKHA (nepioH) Ce XapaKTepu3upar ¢ mo-goopa
TepMUYHA U TEPMOOKHCIHTEIHA CTAaOMIHOCT,
OTKOJIKOTO TIOJIMAMUJIHUTE BJIaKHA (HAUIOH),
NPUTEKAaBAT MO-BUCOKA XUAPO(OOHOCT M Tmo-
HUCKa TeMmIlepaTypa Ha pa3MekBaHe. Biaknara
TUN ,,cnandekc' (nukpa) ce XapakTepusupar c
HanmbJaHO oOpatuma nedopmanus Hagy 600%.
W3xoqHu KOMIIOHEHTH 3a BJIAKHATa JuKpa ca:
noaulOyTaHauoa ¢ mojekyirHa maca 5000,
TOJYEeHIUN30IIMaHAT U XUIPA3UH.

Xumuunute cpoiictBa Ha PU 3aBuciaTr B
3HAYMTEJIHA CTENEH OT TsAXHaTta cTpykrypa. [lpu
OOMKHOBEHHU YCJOBHUS T€ ca YCTOWYHMBHU Ha
JICCTBUETO HAa OCHOBH, pa3pelieHN Kuceaunu. Te
ce pa3TBapsT BbB (DEHON, KPE30J M KOHIEHTPH-
paHa capHa KUCEJINHA.

PU umar Bucoka ycTOMYHMBOCT Ha JCICTBUE-
TO Ha KHUCJIOpOJa OT Bb3AyXa, UMaT BHUCOKA
ajaxe3usi KbM peuiia MaTepUay.

Bynkannzarute or UR umaT BHCOKA SIKOCT U
U3KJII0YNTETHA H3HOCOYCTOHYUBOCT.

PU karo marepuai ce e HaJIOXuI B 00yBHOTO
MPOU3BOJICTBO 3a XOoAuWJa OilarojgapeHue Ha
CJIEIHUTE MIPEIUMCTBA!
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-- JIGK MaTepHall C HUCKa TUIbTHOCT M MOpeCTa
CTPYKTypa;

-- BUCOKA U3HOCOYCTOMYNBOCT;

-- BB3MOXHOCT 32 OTJIMBaHE B Pa3IUYHU
opmm;

-- BB3MOXHOCT 3a OTJIMBaHE Ha XOIuja C
roJisiMa iebenrHa, HO ¢ Majika Maca;

-- BUCOKH TOTTOM30JIAIIMOHHH CBOICTBA;

-- 100pu (PPUKITMOHHU CBOMCTBA;

-- 10Opa MeKOTa U T'bBKaBOCT;

-- 100pa yCTOMYMBOCT Ha MACIa M XUMUKAITH.

Heoocmamvyu:

- BUCOKA II€Ha,

- TpyIHO OOCIY)KBaHE Ha MAIIMHUTE, CTPOT
KOHTPOJT Ha ITPoIIeca;

- MOsIBa HAa HAMyKBaHWs Ha XOAMJaTa MpU
XOJICHE.

4. Ynorped6ana PU

4.1. 3a npouzeoocmeo na enakua

,»Cnanoexc' BnakHara (T.Hap. TUKpa U 8UPEH)
HamMHpaT HIMPOKO MPUIIOKEHUE B CMECHU C MOYTH
BCUYKH BHJIOBE ITPUPOIAHNA U XUMUYHHU BIIAKHA 3a:
qopamHu u3Aenus, 0enb0 W OaHCKH apTHKYIIH,
MEAMLIMHCKH NMPUIIOKEHUS (HAKOJIEHKH ), CHOPTHU
obnekna u ap. PU BrnakHa ce u3moisBar u 3a
TEXHUYECKH M3JIeTus: (WITPHU, eeKTPOHU30Ja-
[IMOHHU THKaHU U JP.

4.2. Kamo nokpumue npu npou3e00cmeomo
HA CUHMEMUYHU TUUEe8U KOMHCU

CUHTETHUYHUTE KOXHU ¢ mokputue ot PU
HAToA00sBAT €CTECTBEHUTE KOXKH IO CAHUTAPHO-
XWTUEHHU CBOWCTBA, MPUTEKABAT TOIXOSIIN
(bU3MKO-MEXaHUYHU TIOKa3aTeu M Hal-Ba)KHOTO
rojiiMa MEKOTa, KO€TO CBOWCTBO MMa 3HAYECHUE
npu ynorpebara UM B rajlaHTepUiiHaTa MPOMUIII-
neHocT. CHUHTETUYHH KOXH OT TO3M BHJ ca:
Kopgam, KiapuHo, namopau 1ip.
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4.3. Kamo 6a3a 3a noauypemanogu ienuna
a1y

ToBa ca BTOpHUTE IO Ba)XHOCT JIENIMJIA 34
OCHOBHO 3ajieTiBaHe B 0OyBHATa MPOMHUIIJICHOCT.
Te ce npunarar B cily4aute, KOraro MoJIuxjopo-
MIPEHOBUTE JIEMWJIA-PA3TBOPU HE Ca B ChCTOSTHUE
Jla OCUTYPAT 3/IpaB JICUJIEH 1IE€B, HAPUMEDP MPU
JeneHe Ha MaTepuanu Ha 6aza PVC, mpu nenene
Ha KO’KEHU MaTepUaly C IOBMILEHO ChIbpKaHUE
Ha HamacJsiBally BellecTBa, npu jeneHe Ha PU
Marepuanu. [1YJI ce ommyasar ¢ BUCOKa aaxe3us
KbM MHOTO Marepuaiu (IbpBO, KOXa, Kayuyyk,
IJIacTMAacH, METalld, CTHKIIO | Jp.) OnarogapeHue
Ha TOJIApHUTE cU m3omnuaHatHu rpynu —N=C=0.
OCHOBHUSAT UM HEAOCTAThK € CBbP3aH C TAXHATa
TOKCHUYHOCT.

[TonuypeTanoBute nenuiaa B oOyBHaTa
IPOMHUIIICHOCT C€ M3IOJI3BaT mof ¢opmara Ha
Jenuna-pa3TBopu. B moBeuero ciryyau Te ca qBy-
KOMITIOHEHTHU. KaTto airepHaruBa Ha Jjenuiara-
pa3TBOpPHU Ca Ch3/aJCHU JIENUIaTa-Iuclepcun ¢
orJie]l Ha TOKCUYHOCTTA UM.

4.3.1. Kamo mamepuan 3a uzcomesane Ha
xoouna

3a Ta3u LeNn ce W3MOoJ3BaT M3KJIIOUUTETHO
neHononunyperaHosu enacromepu (PPU), xouto
npuTexaBaT n30pOEHUTE MO-TOpe CBOMCTRA.

PPU ce u3nosnssar 3a U3roTBSIHE Ha OTACIHU
dopMoBaHM XOAMJIA TIO JBYCTATUHHUS METOJ.
['oTroBuTe XOAMIIa ce 3aKpenBaT KbM casiTa 4pe3
IIVJI. Ha Bropo mscro PPU ce usnmomnssar 3a
MOJIy4aBaHE HA XOAWJIA IO €JHOCTAAUINHUSI METOL
(meene 6e3 Hansrane). [lpu To3u MeTO CUHTE3U-
paHeTo Ha nojiuMepa, OpMOBAHETO HA XOIUIOTO
U 3aKpenBaHETO MY KbM casiTa C€ M3BbpILBA
€HOBPEMEHHO.

4.3.2. 3a 0oobpabomeawju noxkpumusn Ha
00y8Hu uzdenusn
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BbBekmaneTo Ha MOJIMYpPETAaHOBUTE JAKOBE B
o0yBHaTa MPOMHIIUICHOCT Cbh3/1aBa BB3MOKHOCT
J1a ce TIPOM3BEKIAT H3ACIINS C 100pa YCTOMYUBOCT
Ha BOJa U OPTaHUYHU PA3TBOPUTEIH, CIPSIMO
MEXaHUYHH TOBPEIH, 3aMbPCSIBAHUS U BB3MOXK-
HOCT 3a IO-ABJIra eKCIIoaTalus 0e3 CIIEIUaIHO
MOITbPIKAHE.

4.3.3. /[Ipyzu oonacmu na ynompeoa

* Karo TOIUIOM30JIAIIMOHEH Marepuai (mare-
puanu 3a 00yBHaTa MPOMHIIUIEHOCT, U30J1aTOp 3a
XJIAIMJTHHIIN, KaTO TIOATIIATa HA IPEXH U JIP.);

* KaTO 3BYKOMU3OJAIMOHEH MaTepual (B
CTPOMTEJICTBOTO U IIPOMUIIIJICHOCTTA).

CHHTETHYHH XeTePOBEPUKHH MOJTUMEPH
Honuamunu (PA). llonuecrepu (PEs)

I. llomuamuan (PA)

1. CunTe3 HA HOJTMAMHIH

[Monmuamuaure /PA/ ca monumepu, ChaAbPIKAIIN
BbB Bepurata cu amuaHa rpyma (-NHCQO). Te
NpPEeACTaBIABAT XETEPOBEPUKHU MOJUMEPH,

ChABPIKAIIK a30T BbB Bepurara cu. Makpo-
MOJIeKynuTe Ha cuHTeTHuHuTe PA mmar crnemnnus
XUMHYEH CTPOEK:
....NH-R-CO-NH-R-CO-NH-R-CO-...
W

...-CO-R-CO-NH-R-NH-CO-R-CO-...

KbJeTo R e Bbriiepoana Bepura ¢ onpeaencH
opoii (-CH,) rpynu.

BChIHOCT MakpOMOJIEKYJIUTE C€ ChCTOST OT
MOBTAPAIIH C€ aMHUIHHU TPYIH PA3MOJOKEHH
MEX/Ty IBJITY BBIVICBOIOPOIHU OCTATHIIH.

[Momuamuaure (PA) morar aa ce mosyyar mo 3
HaYMHAa:

-- nOCPedCmeoM NONUKOHOEH3ayusl Ha OUKAap-
OOKCUTTHU KUCETUHU U OUAMUHL,

-- NONIUKOHOCH3AY UL HA O-AMUHOKUCETUHU,

-- noaumepuzayusi Ha JAKMamu HA AMUHO-

KUCEeIUHU.

1.1. IlonuxekcamemuieHaOuUnunamuo
/Haiinon-6,6/

[TonyyaBa mpu NOJMKOHJEH3AIMUSI Ha
aJIMITMHOBA KHCEJIMHA U XeKCaMEeTHIICHAMaMHH 110

20

cJIieaHaTa cxema.
nHooc—(CH2)4—COOH + HpN —— (CH2)6 — NH2 ———»
—»» 10— OC —— (CH2)4 CcO NH (CHD6 NH H + (on- 1)H
n
HataoH-6,6

[TonuxexcaMeTHIIEHAIUITMHAMUAABLT € IIO-
JUMep, HaMUpall OCHOBHO MPUJIOXKEHUE 3a
CUHTETUYHOTO TOJUAMUJIHO BJIAKHO (HAlIOH

6,6).
COOH

O-Q

moJsyeH ben3oeHa Kucenuna
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1.2. Ilonukanpoamuod /nauion-6 WiIn
KkanpoH/

[TonyyaBa npu noaumepusanus Ha e-Karl-
poJjlakTaM, KOMTO OT CBOSI CTpaHa MOXKE Jia ce
MOJIy4d O Pa3IMYHU HAYUHU — OT (peHon,
OEH3€H WU TOTyEH.

/O

CH, —CH, —¢C
NOHSO, ‘ \N + o, + HaSO,
SO
’ CH, ——CH, ——CH, /

Jakmam Ha f—aMuHOKanpOHoeama K-Ha
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XapakTepHa 0COOEHOCT Ha NOJIMMEpHU3aluaTa
Ha [UKJIWYHUTE CBEAUHEHUS 3a pas3jiuKa OT
BEpIIKHATA MOJIMMEPHU3alus U MOJIMKOHIEH3alus
€, 4e MPEBPBHIIAHETO HA MOHOMEPUTE B JIMHEWHNU
NOJMMEpH TMpoTHYa 0e3 Bb3HHWKBAaHE HA HOBHU
XUMHUYHU Bpb3KU. Hampumep, amuaHara Bpb3Ka

O

H
N

H

[TonukanpoaMuabT ce U3MO3BA 32 MOTy4YaBa-
HCTO HAa CUHTCTHYHHUTEC NOJHUKAIPOaAaMUIHU
BJIaKHA, HOCEHIM THPTOBCKOTO HAaMMEHOBaHUE
Haunon-6. Te3n BIlaKHA C€ XapaKTepu3upar ¢
BHCOKA €JTACTUYHOCT, yCTOWYMBOCT Ha MHOTOKpaT-
Ha Jedopmanus U Ha u3TpuBaHe. Vmar HHCKa
TEPMOYCTOMYMBOCT, CBETJIOYCTOMYHMBOCT U IIaJIKa
CTBKJIO0Opa3Ha MOBbPXHOCT.

2. Ceoiicmea na PA

HeszaBucumo or mpuponmara Ha H3XOIHHUTE
MOHOMEPH U METO/1a Ha CUHTE3 BCUYKH II0JIUaMHU-
I ChAbpKaT MoJsipHaTa aMyuHa rpyna. biaarona-
peHuEe Ha CHJIHHMTE MEKIYyMOJEKYJIHU B3aUMO-
neiictBusi, 00yCIOBEHH OT IMOJSIPHUTE CBOWCTBA,
NOJIMaMUIATE NIPEACTABIIABAT TPYAHOPA3TBOPUMU
BrUcoKkoTonumu nonumepu ¢ T, ~180-250°C.

PA ca TBBpIM, POrOBUAHM BelllecTBa ¢ OsuT 10
CBETJIOXKBJIT LBAT. Te ca HETOKCUYHU. YCTOWYUBU
ca Ha JIeiicTBHeTO Ha OaKTepuu, IJIECEHH, CH3UMH,
pacTUTEIHU U MMUHEPAJIHUA Macja, HO ca HEyCTOM-
YMBU Ha JCHCTBUETO HAa CBETIMHATa - CTaBar
KPEXKH U NOXKBATABAT. MEXaHUYHUTE CBOICTBA HA
PA 3aBucAr ot crenenra Ha kpuctanHocT. CuHTe-
tnyaute PA ca B ¢cbCcTOAHHME J1a IOIIBINAT BOJA.
XapakTepus3upaT ce ¢ BUCOKA CTelleH Ha KpHc-
TajaHocT. Te3n moauMepu B OPUEHTUPAHO
CBhCTOSIHME CE€ OTIMYaBaT C BHCOKA 3PaBHHA U
€JIACTUYHOCT, CBbP3aHU C TOJIEMHUTE MEXIYMO-
JeKyJlIHu B3auMmopencTsud. llonmamuaure ce
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—NH—-CO- npu g-kanpoiaktama (aMuja Ha
KalmpoHOBaTa KHCENHWHA) HE ce pasmajga MpH
OTBapsiHE Ha MPBHCTEHA M ChIaTa Ta3u BPB3Ka CE
pasmosara MexJy OTISIHUTE MOHOMEPHHU OCTa-
THIU B MAKPOMOJIEKYJIaTa:

o)
I
C—CH,-CH,-CHp~CH,-CH;

M3M0J3BaT MpPEAud BCHUYKO 3a IMPOMU3BOACTBO Ha
CHHTETUYHU BJIaKHA.

AJIXe3MOHHUTE CBOMCTBA, KaKTO W TojsiMara
3paBMHA U XMMHYecKa ycToiduuBocT Ha PA ce
JUbJIKAT IIABHO HA AMUJHUTE IPYNH, KOUTO UMaT
CBOMCTBOTO JJa 00pa3yBaT BOAOPOIHH BPB3KH. ETO
3aI110 €[HO OT HalpaBJIeHUsATa 3a yrnorpeda Ha PA
e moxn ¢opmara Ha jenuia u Jakoe. Kato nenu-
Ja—CTONUIIKM C€ M3II0JI3BaT CaMO HUCKOMOJIe-
KysnHu PA, mopaam Koeto ce Hapuyar MoJIMaMUIHH
cmonu. M3mon3sar ce ocHoBHO PA Ha 06asza
MaJI€MHOBA KUCEIMHA U METHIICHINAMUH.

JlenunaTa-CTOMWIKK TMPEACTABISABAT TEPMO-
NJACTUYHU KOMITO3ULHH, KOMTO HE ChIAbpPXKAT
pa3TBOpUTENIM WM Bojaa. Te mpemMuHaBaT BbB
BHCKO3HO-TE€YHO CBCTOSIHUE IPU HarpsiBaHe U
OBp30 ce BpPHIIAT B TBBPAO CHCTOSHHUE MPH
OXJIaXKJIaHE TNpU CTaliHa Temmeparypa. ToBa UM
CBOMCTBO € BayKHO U € 0a3a 3a uaeHTuduimrpaHe Ha
MPOIIECUTE Ha 3aJieMBaHE B peIulla MPOMHMIILIE-
HOCTH — MeOenHa, o0yBHa u 1p. Te ca u3rpageHu
miaBHO Ha Oasa mommectepu /PEs/, momuamuam
/PA/, cprionuMepu Ha eTUJieHa C BUHWJIAIIETATa,
cproNimMepu Ha ¢ranoBara W TepedranoBara
KHCEJIMHA M eTWICHIIMKON U ap. CBOMCTBaTa Ha
TE€3H JICNJIa—CTOMMIIKK MOTaT J]a C€ U3MEHST Ype3
mon0o0p M CMECBaHE HA M3XOIHHUTE KOMITOHEHTH,
ype3 ChbBMECTSABAHE HA PA3IUYHU MOJIUMEPU WU
ype3 go0aBka Ha IJIACTU(PUKATOPU U APYTH
BELIECTBA. JlenunaTa—CTONUIKA Ce MPOU3BEKIAT
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nmon ¢opMa Ha TpaHyJHW, Clie[ Karo € momOpaH
CHOTBETHHS ChCTaB Ha JEMWJIOTO. B monmuamu-
HUTE JIeTKJa 3a MOBHILIABAaHE HAa aJXE3UOHHHTE
cBoiicTBa ce nobaBatr Oyruindenon-hopmanie-
XHTHA CMOJIH U KOJIO()OH, KAKTO U CTa0MITN3aTOoP.

XUMUYHUAT cTpoex Ha PA BrmakHa Hamozo-
0s1Ba TO3W Ha NMPHUPOJHHUTE BIAKHA, HO C€ Pasiu-
YyaBa OT TAX IO CTPAHUYHUTE PA3KIOHEHUS Ha
Makpomosiekyaara. OCBeH TOBa 4acT OT KpaliHUTE
rpynu ce OJoKHpaT MpH Ipolieca Ha MoTydaBa-
HETO MM U KOJIMYECTBOTO HA KPAWHUTE aMHHOTPY-
M € MHOTO [10-MaJIKO OTKOJIKOTO ITPHU BHJIHEHUTE U
Ha (pubOponHOBHUTE BIakHA. MakpOMOIEKYITHOTO
B3aMMOJICHICTBAE € B PEH3yATaT Ha BOIOPOIHH
BPB3KU M BaH/I€pBaaICOBU B3auMoeiicTBus. ToBa
BOJM JI0 CTa0MIIM3UpaHe Ha CTPYKTypaTa U JI0 T0-
roJisiMa CKIIOHHOCT KbM KpucTtanu3zamus. [lono6Ho
Ha JPYTUTE CHUHTETHYHHW BlIakHa U PA uma
nBy(}a3oB cTpoex (KpuctaiaHa u amopdHa daza).

XeTepoBepMKHUTE MOJUMEPH (BKIFOUUTEITHO
MOJIMAaMUJIHUTE BJIaKHA) Ca OCHOBHHUS JsJ OT
MPOM3BEXKIAHETH CUHTETHYHM BIakHa. Bcuuku
PA Bnakna ce QopmyBsar OoT cromuika. TexHo-
JOTUYHHUSAT MPOIIEC BKIOUBA: 1) CHHTE3 Ha MOJH-
Mepa; 2) hbopMmyBaHe Ha BIaKHATA; 3) U3TEIVISTHE U
oOmaropozsiBaHe Ha BlakHaTa. B moBedero ciydan
ce O6arpsT B eTarna Ha CTONIIIKA.

OcCHOBHM XapaKTepHU CBOMCTBA Ha MOJIMAMU/I-
HUTE BJIAKHA Ca BUCOKA 3/]paBHHA IPU CKbCBAHE,
BHCOKa €JIECTUYHOCT, BHCOKAa YCTOMYMBOCT Ha
W3TpUBaHE U MHOTOKpaTHa nedopmanus. Huckoro
ChABP)KAaHWE HA XUAPOPUIHU TPYNU OOyCIaBs
HUCKaTa CTeTneH Ha HaObOBaHE HA BIIAaKHATA BbHB
BO/a. XapaKTepu3upar ce ¢ HHUCKa TepMO- H
CBETJIOYCTOMYMBOCT, HEMPUATEH OMUI, IMajJKa U
OrecTsIIa MOBbPXHOCT, HaGIEeKTU3MUpar ce. Biak-
HaTa MOXBJITIBAT B pe3yATaT Ha (POTOOKUCIUTEN-
Ha JIECTPYKIHSL.

[TonnamuaHUTE BaKHA Cca YyBCTBUTEIIHU Ha
JCMCTBUETO HA KHUCEIMHHU, KOETO € pe3ynraTr OT
XHUIpOJM3aTa Ha MeNTHIHATa BPb3Ka B aMUHATA
rpyna. Pa3TBapsT ce B MpaBueHa KHUCEIHHA.

TEXTILE AND GARMENT MAGAZINE

OTHOCHUTETHO Ca YCTOWYMBHM Ha JEHCTBUETO Ha
aJKaJHA areHTU. TBbp/Ie YYBCTBUTEIHHU Ca KHM
OKHCJIMTENHN (HATPUEBUSI XHIIOXJIOPUT M BOJO-
POIHUSA MEPOKCUI, KOUTO CE U3IOJI3BAT B TEKCTHUII-
HaTa MpaKTHKa 3a U30eJIBaHe Ha BIIAKHA, IECTPYK-
tupar PA BnakHa). B monspHu opraHuyHu
pastBoputenu (dpeHon, kpezon) PA BiakHa ce
pasTBapAIT.

CpaBHHUTEIIHO ChBPEMEHHA HAcOKa B IMPOU3-
BoACTBOTO Ha IIA BjakHa € ModydYaBaHETO Ha
BJIaKHA OT Moau(uIpanu noaumepu. Monugu-
KalusiTa U3MO0JI3Ba CIACAHUTE METOMIM: HapyllaBa-
HE PEeryJsIpHOCTTA Ha CTPOEKa HA MAKPOMOJIEKY-
JINTE; U3MEHCHKE HAa ChOTHOIIEHUETO M BhBEXKIa-
HE Ha HOBH (DYHKIIMOHATHU I'PYIH; BbBEXKIaHE Ha
apoOMaTHU SiApa U XETEPOIMKIHM; CUHTE3 Ha
MpUCAZCHU B OJIOKCHITOJIMMEPH.

Apamuonu enaxna

ApamuHUTE BJIaKHA MPEICTaBIsABAT apoMaT-
HU TOJMAMUIHM, KOUTO ca C IMOBHIIEHA TEpPMO-
ycToluuBOCT. Te3u noamuMepu He ca I'bBKaBH, a €
TBBPIU MaKpOMOJIEKYIH (ChAbpxkKaT (PEHOIHU U
aMHJIHU TPYITH, KOUTO Ca CBbP3aHH ¢ OEH3€HOBOTO
STIPO).

[IbpBara pa3paboTeHa THProBckKa Mapka
TeXHOJIOTMYHM BiakHa ¢ Kevlar — 3a apmupane Ha
aBTOMOOMJIHM T'yMHM M KaTO 3aMECTHTE] Ha
CTOMaHEHUTE BJIaKHa.

ApaMHIHUTE BJIAKHA C€ XapaKTepu3Hupar ¢
MHOTO BHCOKa crnenu@uyHa 3IpaBUHA 10
ckbeBade (3600 MPa). MimMaT oTIMYHM TOILIO- U
€JIEKTPOM30JIallUOHHN CBOMCTBA, TPYAHOTOPUMHU
ca. Henacrarpuure ca: HHCKa yCTOMYMBOCT Ha
MHOTOKPAaTHO OI'bBaHE M HHUCKA YCTOWYMBOCT Ha
KHCEJIMHU U OCHOBH.

2. Ipunoscenus na PA
3.1. B mexcmunanomo npouseo0cmeo

3a MpOU3BOJCTBO HA CUHTETUYHUTE BJIAKHA!
MOJUKANIPOaMUJ (HaiiioH-0) U TIOIUXEKCaMeTHIIe-
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HAJUTIMHAMUIHA BIIakHa (Hailion-6,6). Tesn npa
OoCHOBHM Tumna PA BllakHAa HAMHUpPAT MPUIOKECHHUE
KaTo:

§ DIAgKM U TEKCTypHpaHU KOIPHHU CaMO-
CTOSITEJTHO MJIU B CMECH C JPYyTH XUMHUYHU BJIaKHA
(32 4OpamHU W TPUKOTAKHHU W3CIHS; CIOPTHU
o0Jekia);

§ KOp/IHU ¥ TEXHUYECKH KOTIPUHHU (32 aBTOTY-
MU, TPAHCIIOPTHU JICHTH, 33 QUATHPHU MaTepHaIA
u1p.);

§ apaMuIHUTE BIIAaKHA C€ M3ION3BAT 3a M3pa-
0oTBaHEe Ha OpOHE3ANTUTHU MPOTHUBOKYPIIYMHHU
KUJIETKH, 3al[UTHU TPErpaau, CJICKTPUUCCKH
WHCTAJIAIAN, apMUPAIIH JICHTH, TEPMO3AIUTHU U
o0yekyia 3a XMMHUYECKH TPOU3BOJCTBA, 3a
KOCMOHABTHUKATAa U JIP.

1.2. B obysnama npomuuLieHocm

Jlenmunara Ha 0Oa3za PA ce u3mosi3Bar KaTo
JENUIa—CTOMMIIKH, KOUTO CIyXKaT 3a crioMara-
TEJTHO 3aJielBaHEe NpPU HM3TOTBSIHE Ha OOYBHH
W3JIeNNs, HalmpuMep NpU MOATbBaHE Kpas Ha
JIETalIUTE Ha casTa, 3aKpernBaHEe Ha casTa KbM
TabaHa u ap.

o HO —R—OH + N HOOC —R;—COOH —»

1.1. llonueTnientepedpranar (PET)

[IpencraBnsBa XxeTepoBEpUKEH MOJUECTEP HA

TepedranoBara KUCeIMHA U eTwiIeHnuKona. [lo-
Jdy4aBa ce MpHU B3aMMOJEHCTBHETO HA JUMETHJI-

CH; —0—cC C —O0——CH,

I
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|
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|
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I1. ITosinectepu (PEs)

1. Ilonyuaeane u ceoiicmea na PEs

[Tonuectepure ca XeTepOBEPUKHU MOTUMEPH,
ChIABPIKAIIU KUCJIOPOJ B OCHOBaTa BepUra IO
dbopma Ha ecmepha cpyna:

C—O
|
O

[Tonuecrepu ¢ JMHEEH CTPOEK MoOraT Ja ce
Imojry4daBat IIpU MOJIMKOHJACH3alW Ha I[I/IKap6OK-
CUJIHU KUCEJTMHH U ABYBAJICHTHU aJIKOXOJIH.

TpumMepHu (OMpEKEHHN) MOJIUECTEPU CE TOITY-
yaBar [py B3auMOJIeiiCTBIE HA MO (YHKIIMOHA-
HH KUCCJINHU U aJIKOXOJIN.

B 3aBucHMOCT OT BuJa Ha U3XOAHUTE KOMIIO-
HEHTH C€ [0JIy4aBaT TePMOIUIACTUYHHU UITU TEPMO-
pE€aKTUBHU IIPOAYKTH.

[TonyyaBaHeTO Ha MOJHECTEPU C JIMHEECH
CTPOCIK, KOUTO UMAT TCPMOILIACTHUIHHU CBOI\/JICTBa,
MOKeE J1a CE U3Pa3H ChC CIeIHATA PEAKIINS:

HO —R—0—C—R;—C —OH
I | Ten™
(@) (@)
n

Tepedranar ¢ eTUIeHIIMKoNI B ctonwika. Cul-
TE3bT IPOTHYA B /IBA CTA/I1s1 — B3aUMOJICHCTBUE HA
auMeTwiTepedranara ¢ eTHICHIIMKOA:

+ HO _CH2 —CHZ_OH
2 4>

c—o CH;—CH,—OH

, CH;0H
[ ¥
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CJ'IC)IBaIJ_II/ISIT €Tall € IMOJIMKOHACH3allusA Ha ILI/II‘JII/IKOJ'ITepC(l)TaJ'IaTa A0 MMOJIy4aBaHC Ha IMOJIMMCPHUA

MPOAYKT:
n HO _CH2 _CH2 _O _ﬁ
0
—»HO *+CH; —CH, —0 —¢C

I
0

Cronuikara Ha HojauMMepa IpeICcTaBIsIBa
MHOI'O BUCKO3Ha TEYHOCT CbhC CBETJIOKBIT LBST,
KOATO IIPU OXJAXJaHE ce IMpEBpbIIA B TBHPIO,
po3pauHo, amop¢Ho BeuiecTBo. I[Ipu moBTOpHO
HarpsiBaHe NOJUMEPHT KPUCTAJIU3UPA KaATO
3aryOBa mpo3padHocTTa cu. lIputexaBa MHOTO
BHCOKa Temmeparypa Ha TomneHne 250-275 °C u
BHCOKa MoJieKyaHa maca ~ 15000-30000. Yeroii-
YUB € Ha peJulla KUCEJIUHHU, HO € HEYCTOMYUB Ha
JIECTBUETO Ha COJIHA, CSIPHA U a30THA KUCEJIMHA.
YCTOWUYNB € Ha IEHCTBUETO HA peaulla pa3TBOpU-
TEJH.

[TonueTunentepeTanaTsbT € NOIUMEP C MHO-
ro HHMCKO Bogomnonibiane a0 1%. Ot Hero ce
U3TOTBAT (PUIIMU, TOKPUTHSL, BIaKHA, KAKTO U TEp-
MOIUJTACTUYHHU Jienmuja 3a oOyBHAaTa MpOMHUIILIE-
HOCT, @ KaTo BJIaKHOOOpa3zyBalll IOJUMEp — Ce
M3M0J3Ba 3a M3TOTBAHE HAa KOHLUM CBHIIO 3a
00yBHaTa IPOMHUIICHOCT.

Bnaknara na 6a3a PET ce xapakrepusupar c
BUCOKA MEXaHWYHa 3JlpaBUHA M 3HAYUTEJIHA
TEPMOYCTOMYMUBOCT, YCTOMYMBOCT Ha CBETJIMHA,
VYB-nbuenue, CbIIPOTUBIIEHNE HA U3TPUBAHE U HA
OKHMCIIUTENH, XUAPOoPoOHH ca. XapaKTepu3upar ce
C BUCOKa HEMAUKaeMOCT B CyX0O U MOKPO CbCTOSI-
HUE, yCTOWYUBOCT Ha JEHCTBUETO HA MUKpPOOpra-
HU3MH, IIPUTEKABAT BUCOKA TOIUIOM30JIALIMOHHA
criocoOHocT. Te3u BiakHa MMaT BUCOK HadalleH
MOJyJl Ha €JJaCTUYHOCT, IOpayd KOETO ca MHOIO
MOAXOAAIIH 32 U3pabOTBAaHE HA M3ENUS C ITOBH-
nieHa (opMOyCTOWYMBOCT M HHUCKA CKJIOHHOCT
KbM MaukaHe. [Ipu ropene ce tomaT u ce camo-

CHj

- OT

CHs;
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3ananBar npu ~510°C.

[Ipu HOpManHU yCIIOBHSI TE€3UM BJIaKHa MMar
n00pa yCTOMYUBOCT CIPSIMO pa3pe/ieHu MUHEPaJl-
HU U OpPTaHWYHU KHCEJIMHH, JOKATO OCHOBHU IPHU
ONpENICNICHH YCIOBUS pa3sKIaT MOBbPXHOCTTA
uM. Ha ToBa CBOMCTBO ce OCHOBaBa T.Hap. MPOILIEC
ankamm3anusa Ha PEs Bimakna, xoliTo mMa 3a men
nogoOpsiBaHe HAa HSKOU TEXHH CBOWCTBA, KAKTO
onun u darpuiiHa cnocoOHOCT. Biaknara ca ¢ Bu-
COKa yCTOMYMBOCT HA OKUCIUTEN U U3IOJI3BaHU-
T€ B XMMHUCKOTO YACTEHE PA3TBOPUTEIH.

Henocrarsim na PEs ca: Bucokara mM CKOJI0H-
HOCT KbM HaeJIEKTPE3UpaHE, KOSATO € MpUYMHA 3a
JIECHOTO UM 3aMbPCSIBAHE; BIOIICHO TPAHCIIOPTHU-
paHe Ha BJlara u IoT, KO€TO Ch3/[aBa JUCKOM(POPT
IpU HOCEHE Ha M3ENUATA; MUIMHIo00pa3yBaHe;
MOBUINCH a(QUHUTET KbM Ma3HUHU; TPYTHOCTH
npu OarpeHe.

ITonacrosimeM cBOMCTBaTa HA BJlaKkHATa MOTaT
na ObIaT MPOMEHSIHU 4pe3 (u3ndHa U XUMUYHA
Monudukanus. Taka ce moxy4yaBar BUCOKO3a3/1pa-
BEHUTE MOJUECTEPHU KONPHHH, BIAKHATA C
HaMaJieHa CKJIOHHOCT KbM MHJIMHTOOOpa3yBaHe,
BJIAKHA C IT0-BUCOKA CBUBAEMOCT.

1.2. IloammkapoonaTu

[MonukapboHatuTe ca mpeacTaBUTEIH Ha
apOMATHHUTE TOJHECTEPU C JIMHEEH CTPOCK.
[IpencraBnsBar monuecTepu Ha TUOKCHIU(DEHU-
JIAJIKAHU U BBITICHA KUCCJIMHA U CbABPIKAT Kap60-
HaTHa Bpb3ka. MiMar oOmia dopmMyna ot ciaeaHus
BUJI:

o—0n
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2. ¥Ynorpebda Ha moJinecTepuTe

2.1. 3a npouzo0cmeo Ha XUMUYHU GIIAKHA OM
nonuemunieHmepegpmanam

Bucokara 31paBruHa, MOy Ha €TaCTUYHOCT U
TEpPMOYCTOMYMBOCT Ha TE3W BJIAaKHA TU IPaBHU
MOAXOASIIN 3a: KOPAHU THKaHU, TPAHCIOPTHU
JEeHTH, QUITHPHU MAaTCPUAITH U JIP. SHAYUTEITHO U
MacoBo € npwioxkenuero Ha PET Bnaknata B
CpaBHEHHUE C JAPYTUTE BUJOBE XUMUYHU BJIaKHA B
MOCJIETHUTE JIECETUIICTHUS.

[lTonuectepHu BIakHa ,,IaMyudeH THUI ce
M3I0JI3BAT CAMOCTOSITENTHO WJIM B CMEC € TTaMyK 3a
u3paboTBaHe HA THKAHU 32 PU3H, IUTUPEPU, TCTHH
KOCTIOMH, OJy3u, paOOTHO OOJIEKJIO, CMAJHO
Oenpo. BrnakHata ,,BbITHEH TUI™ c€ M3ION3BAT 3a
CMECH C BBJIHA U C€ U3padOoTBaT TIATOBE 32 TOPHO
obnexno. IlpousBexxaar ce U HETHKAHMU MOJH-
€CTepHU H3JEUs C MPUIIOKEHUE 3a IOJOBU
MOKPUTHUSA U TEXHUYECKH LIETTH.

2.2. Ilpunooicenue na nonuxapbonamu

Ot nonukapOboOHaTH ce U3TOTBAT ChILO (PUIMHU,
BJIAKHA, & OCBEH TOBA MAIIMHHU JETAWIN U MPH-
6opu, THil KaTo T€ MPUTEKABAT YIAPOyCTOMYNUBOCT
1 TOILJIOY CTOMYNBOCT

2.3. B obysnama npomuuinenocm noo gpopma-
ma Ha 1enuia—CmonuIKy

Tesu nenuia Ha Oa3a MOJMECTEPH CIYKaT 3a
CroMaraTesiHO 3aljielBaHe MpPH H3TOTBSIHE Ha
00yBHU U3/IC/IHsI, HAIPUMED MPH MOAT'bBAHE Kpast
Ha JIeTAiJINTe Ha casnTa, 3aKperBaHe Ha casTa KbM
tabaHa u ap. B To3u ciydaili umar 3HaYCHHE
TEPMOIIJIACTUYHUTE CBOWCTBA HA MOJHECTEPHTE.
YnorpeOeHr cCaMOCTOSITETHO UITH B KOMOUHAIHSI C
nojuaMuan ¥ GeHonGopMaNIICXUHA CMOJIH, T
OCHUTYpsIBAT TEPMOIUTACTHYHM JICTIHIA C BHCOKA
aJIXe3MOHHA CITOCOOHOCT KaKTO B CTOIMJIKA, TAKa 1
B pa3TBOP.

2.4. B obysnama npomuwunenocm 3a npou3e00-
CMBO HA MENCOUHHU O0emaiiu U cnomazamenuu
Mamepuanu
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Bropara Hacoka B ynoTpe0ara Ha MoJIMeCTePH-
TC B O6yBHaTa HpOMI/IHIJIeHOCT € 3a U3I'0OTBAHC HA
TEPMOIUIACTUYHN MEKIUHHU JIeTaliau boMOeTa u
¢doprose.

BrnakrooOpa3yBamuTe MOJIUECTEPH HUMAT
3HAUEHWE 3a W3rOTBSHE HAa PA3JIMYHU KOHIU 3a
00yBHATa IPOMHUIIICHOCT — ITIABHO 32 yIIINBaHE Ha
casrTa.

[Tonuecrepure ce U3MON3BAT U KAaTO KOMIIO-
HEHTH 32 U3TOTBSHETO Ha TIOJIMYPETAHH.
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U3CNEABAHE TEHOAEHUUWATA HA KOEOULUMEHTUTE
HA TPUEHE 3A KONMPUHEHU TbKAHU
BbB BPb3KA CHOPMAJIHUA HATUCK

Pasa CroaHoBa
tOrosanapeH yHnsepcutet ,H. Punckn’, Texnnueckmn pakynrer,
Yn.,MB. Mnxannos” N2 5656, bnaroesrpag, bbnrapusa
e-mail: raikach@abv.bg

PE3IOME
Bwveeoenue

Obnexno, akcecoapu u domauien MeKCmu, KOUmo ca uspabomeHnu om KONPUHAa, ca aKkmyaniHu om
HezanomHenu epemena. Cveemu 6ucoKama yema HA KONPUHEHUmMe MbKAHU, OmM UKIIOYUMENHA
BAJICHOCM € Kauecmeomo Ha wieeéa Ha obnexkiomo u akcecoapume. Hzeecmuo e, ue npu 0eliHocmu 8
MEeKCMUIHAmMa NPOMUULTIEHOCH ¢ KONPUHA, € HeoOX00UMO U3NO0JN36aAHemMO HA OONBIHUMENHU
NpUCnocoonenus - wunose, Kaunoge, xapmus u op. Toea e Heobxooumo, 3a 0a He ce pazmecmeam Hd
clloeseme KONPUHEHAa MbKAH, NOpaou HUCKume Koeuyuenmu Ha mpueHe.

Excnepumenmanna uacm

H3zcnedsanemo e nposedeno 3a 4 mvranu, uspabomenu om 100% konpura ¢ paznuunu CRIUMKU.

Ha 6aza onpeodenenu roegpuyuenmu nHa mpuene npu NoKou ¢ MeHOEHYUs KbM NIAb32aAHE U
Koeuyuenmu Ha mpueHe npu niv3eane npu paiuyHu HU8A Ha HopmaieH Hamuck. Excnepumenmume
bsxa nposedenu c nomowma Ha p-wemvp MXD-02 na Labthink, Kumaii.

3a scaxo mecmeane ce uzpsazeam 0ee npoou. Ilvpeama ce 3axeauja maxa, ye no-0vieama cmpana 0d
€ N0 NOCOKA HA HUWKUME HA OCHOBAMA U ce 3aKPenéa 6bpx)y
noosudichama niamgopma. Bmopama npoda ce nocmass 6vpxy
niv3eaujama ce welna. Ilpobama ce u3psa36a, no3uyuoHUpa u
| 3aKpenea Ha welHama, maka ye mpueHemo 0d ce u38bpulsd 6
CleOHUme NOCOKU. N0 OCHO8A UNU NOCOKA HA 8bMbKA.

Hmepsanus ca uzevpuenu npu nHopmanen Hamuck om 200 g
(cobcmeena maca na wetunama), 300 g (+100 g) u 400 g ( +200

g

Ha 6aza nonyuenume cpeonu koeuyuenmu Ha mpueHe 3a
mpu nopmanuu Hamosapsearnus 200 g, 300 g u 400 g ¢ npoepama
Excen ce npocnosupa menoenyusma na mpuene npu HAmMuck,
KOUMO He e U3CNed8aH U ce onpeoeis eudd Ha papuyHomo
ypasHenue.

Pezynmamu

Cpeonume cmotinocmu Ha Koepuyuenmume Ha mpueHe npu NPOMAHA HA HATIL2AHEMO U NOCOKAMa Ha
mpuene ca o0bobwenu 6 maonuyer 6ud. Tpenovm Ha Koepuyuenmume Ha mpueHe U3VATUIUPAH
epaguuno 6 16 epaghuxu. 3a Hakou mecmose, ca noayuenu cmouHOCMU HA KoeghuyueHmu Ha mpuene
onusku 0o 1 unu no-eucoxu om 1.

Huckycus

IIpoyusanemo nokasa, ve cmamuynume u OUHAMUYHUME KOehuyueHmu Ha mpuene Ha KOnpuHeHu
mukanu ca 6 epanuyume 0,292 0ol,742 u ce enusisam om Hansieanemo u nOCOKama Ha mpueHe.

3axarouenue

Tpenovm na Koeguyuenmume Ha mpueHe omeo8aps HA NO2APUMMUYHO YPAGHeHUe — ONUZKO 00
JUHEUHO UNU HA TUHEUHO YPAGHEHUe.

Knwuosu oymu

Koeguyuenm na mpuene npu noxoui ¢ menoenyuss KoM niAb32aHe, KoeuyueHm Ha mpueHe npu
nb32ane, MbKaHu, U3pabomenu om KONpuHda.
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INVESTIGATION OF TREND OF FRICTION
COEFFICIENTS FOR SILK FABRICS
IN RELATION TO PRESSURE

Raya Stoyanova
'South- West University "N. Rilski", Faculty of Engineering,
56, Ivan Mihailov Street, Blagoevgrad, Bulgaria
e-mail: raikach@abv.bg

ABSTRACT

Introduction

Silk clothes, accessories and home textiles have been relevant since time immemorial. Due to the high

price of silk fabrics, the quality of the seams of clothes and accessories is of utmost importance. It is

known that during activities in the textile industry with silk, it is necessary to use additional devices -

spikes, clips, paper, etc. This is necessary so that the layers of the silk fabric do not shift due to the low

coefficients of friction.

Experimental part

The study was conducted on 4 fabrics made of 100% silk in warp and weft directions.

Based on determined coefficients of friction at rest with sliding tendency and coefficients of sliding

friction at various normal pressure levels. Experiments were performed using an MXD-02 u-meter of

Labthink, China.

Two samples are cut for each test. The first is clamped so that the

longer side is in the direction of the threads of the base and is
. fixed on the movable platform. The second sample is placed on a

. sled. The sample is cut, positioned and fixed on the sled so that

the friction occurs in the following directions: warp or weft

direction.

Measurements were taken at normal pressures of 200g (own

weight of the sled), 300g (+100g) and 400g (+200g).

Based on the obtained average friction coefficients for three

normal loads of 200 g, 300 g and 400 g, the tendency of friction

without pressure is predicted with the Excel program and the

type of the graphical equation is determined.

Results

The average values of the friction coefficients when changing the pressure and direction of friction are

summarized in tabular form. The trend of friction coefficients visualized graphically in 16 graphs. For

some tests, values of friction coefficients close to 1 or higher than I were obtained.

Discussion

The study showed that the static and dynamic friction coefficients of silk fabrics ranged from 0.292 to

1.742 andwere affected by the pressure and direction of friction.

Conclusion

The trend of friction coefficients corresponds to a logarithmic equation - close to linear or to a linear

equation.

Keywords

Coefficient of friction at rest with sliding tendency, coefficient of sliding friction, silk fabrics.
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BbBEJEHUE

[Ipn HakaraBaHeTO, KPOEHETO, IOCJEABAIIO
paszeisiHe ciell KOpeHe, IIUEHE, OIIaKOBaHe U JIp.
JIETHOCTH B IEBHOTO MTPOU3BOACTBO, CE MOSIBSIBAT
TEXHOJIOTMYHU NpPoOIeMH, CBbp3aHU C Koedu-
LIMEHTUTE Ha TPUEHE Ha CJIOEBETE ThKAHU €UH B
ApYT.

Cunara Ha TpUEHE IIPU TEKCTHWJIHU MaTepualu
3aBucH OT MHOro ¢akropu. Koedunuenture na
TPUEHE HA TPUEIINUTE CE€ CII0EBE ThKAH €1UH B IpyT
3aBHCH OT HOPMAaJHOTO HATOBapBaHE, CKOPOCTTa
Ha TPUEHETO, OT €CTECTBOTO Ha TEKCTHUJIHATA
MOBBPXHOCT, peajiHaTa KOHTaKTHa IUIOII, BUJa Ha
CIUIUTKaTa M IIOCOKAaTa Ha TPUEHE - OCHOBA IIO
OCHOBA, OCHOBA I10 BbTBK.

@uezypa 1. CTpoex Ha KOTIPUHEHATA HUIIKA [2]

TbkanuTe, n3pabOTEHU OT KONPUHA CE Xapak-
TepU3HpaT C HUCKa IUIOIIHA Maca. ToBa ce IbJIKI
Ha (puHeca Ha ecTecTBEHaTa KOIPUHEHA HUIIKA
(Tpex), KOSITO € ChCTaBeHa OT JBa IpPOTeHHA -
¢ubpoun (oxono 70-80%) u cepunun (20-30%).
OuUOPOMHOBUTE HUIIKH CE€ OTACNAT OT JIBETE
KOTIPUHEHHM *kJ1e3u Ha Bombyx mori (kompuHeHa
OyOa win KonpuHEeH Model). B cypoBo cbeTosiHuEe
KOIIPUHEHATa HUILKA Ce ChCTOU OT JIBa OCHOBHH
nporenHa, cepuuuH u ¢ubpoun, Jlemuio-
00pa3HUAT CJIOW OT CepHuIMH OOBWBA M CJICTIBA
JIBET€ CaMOCTOSITEJIHHM HUIIKU OT (HUOpOUH

(@ueypa l)[1].

EKCIIEPUMEHTAJIHA YACT

N3cnenBaHeTo € M3BBPIIECHO C THKaHU OT
100% ectecTBeHa KompuHA. TE€KCTUIHUTE
MaTepuH ca C Pa3IMYHU XapaKTEPUCTHKH, Iapa-
MeTpuTe UM ca nocoueHu B Taoauua 1 [3].
[IpenocTraBenu ca u ca Mpou3BeICHU BbB (hupma
“Csuna‘ AJl - XackoBo.

Tabnuua 1 XapakTepuCTUKHN HA U3CIICIBAHUTE ThKaHU OT €CTECTBEHA KOMPHUHA

Ne ApTHKYJI Ilnomna maca, JIuHeliHAa UIbTHOCT, tex I'bcTuHa, H./dm
g/m? OCHOBa BbTBK OCHOBa BbTBK
1 | boiika 76 N/A* N/A 1660 350
2 | I'eprana 80 N/A N/A 1550 175/ 175
3 | Beponuka 170 N/A N/A 2060 200
4 | Henma 140 N/A N/A 980 195

* HOpaIlI/I TPYAOCMKOCTTAa U HECTOYHOCTTA HA U3IIMUTBAHETO, JIMHCHHMTE IITHTHOCTH HA HUIIIKKTE B TOTOBUTE ThKAHH HE ca
OIIPECACIIAHU. 3ary6aTa Ha 1JioniHa Maca v mpomMsiHaTa B 'bCTUHUTC Ha HUIIKUTE Ca JOCTATbYHU XapaKTCPUCTUKHU 3a OLICHKA

Ha CTCTICHTA Ha U3BApPABAHC 1 CBUBAEMOCTTAa HA TBKAHUTC.
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a) boiika

B) Beponuka

0) I'eprana

r) Hema

QDuczypa 2. CTpyKTypa Ha U3CICABAHUTE ThKAHU

HN3mepBaresinu ycTpoiicTBa

Koedunuenture Ha TpueHE NMPH TOKOU C
TEHJCHIIUA KbM IUTh3raHe (B TEKCTa HATaThK ‘‘C
TEHJCHIIMSI KbM ILTb3raHe™ 1€ ce MPOITyCcKa) U Ha
TpUEHE MpPHU MIBb3TaHe ca MOJYYEHH MpPHU
uscnensane ¢ ypen MXD-02 na ¢upma Labthink,
Kuraii (@ueypa 3), rpadukara Ha KpuBata Ha
TpUEHE C€ BHM3yalM3Upa Ha JAUCIUIes Ha ypeda
(@uzypa 4).

@Duzypa 3. O6m Bux Ha ypena MXD-02 1. Cutomep;
2. llogBmxHa mutatdopma ¢ IpUTUCKAIIA KIIeMa;
3. lllefina ¢ nmputuckama kinema; 4. Hanpasnspaia
penca; 5. Kourponen nanen; 6. LCD gucnueii;
7. MuHu nievaraiio ycTpomucTBo.

TEXTILE AND GARMENT MAGAZINE

QDuzypa 4. ucnneit Ha ypen MXD-02

KoedunmenT Ha TpueHe npu Mokoii ce onpee-
JIs1 OT cujiaTa, OTYeTEeHA B MOMEHTA, KOTaTo MeTall-
HaTa HUILKA, KOSITO CBbP3Ba CUIIOU3MEPBATEITHOTO
YCTPOMCTBO M IIEWHATa, C€ M3IPABU U OMBHE U
HENOCPEACTBEHO MPEIN /1a 3allOYHE IIIIb3TaHETO
Ha 1IeiHara o rargopmara.

KoeduimeHntst Ha TpueHe MpH IUTb3TaHE Ce
ompenenss OT cpeaHara ctolHoct (Queypa 4).
W3cnensanusita ca mpoBENEHU IO CTaHIAPTHU
Hopmarusu b/IC EN ISO 8295:2006. Tpuenero e
HU3BbPUICHO TbKaH B TbHKaH, meiHara € ChC
coOctBeHa maca 200 g, a CKOpOCTTa Ha ITb3raHe —
100 mm/min.

C nocraBsgHe Ha JOMBIHUTEIHHU TEKECTHU
BBPXY LIIEIiHATA Ce yBeINYaBa U cujara Ha HaTUCK
BBPXY TPUELIUTE C€ ClI0oeBe ThKaH. Mi3MepBaHus ca
n3BbpiieHu npu Hatuck ot 200 g, 300 g 400 g.
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Tpuenero ce u3BbpIIBAa ThKaH B ThKaH, B €JQHAKBA C [MOCOKaTa i Ha JIBUKECHUE HA IIeiTHATA.
pa3IuMuYHU HAMpaBJICHHUS HAa THhKaHTa OTKBM BTOpHAT cioii ce 3axBalia Ha meifHaTa B n30paHa
JUIeBaTa CTpaHa U 3a JBaTa cios. EquHusaT cnoit  mocoka (1o OCHOBA UJTH 10 BTHK).

OT ThKaHTAa C€ 3aKperBa Ha Tuiardopmara ¢ KJIHrC, [TonyuenuTe pe3ynraru 3a y, ¥ 4 ca MIOCOYEHU
Taka 4ye IMOCOKaTa Ha OCHOBHHUTE HUIIKU Ja ¢ BTaonuua2|3,4,5,6].

Taonuya 2 CToiHOCTH HA KOS(UIIMEHTHTE HA TPUEHE TIPU ITOKOH

Maca Ha meifHaTa
ApTtukyn C JOIIBJIHUTEIHO KoedunueHt Ha TpreHe Mpu MOKOH ¢ TeHJSHIIUS KbM ILUTh3raHe
HaTOBapBaHE
g OJIC-0JIC OJIC-BxJIC
200 0,333 0,410
Boiika 300 0,450 0,586
400 0,582 0,759
200 0,650 0,453
I'eprana 300 0,737 0,729
400 0,837 0,883
200 1,148 1,190
Beponuka 300 1,438 1,486
400 1,640 1,742
200 1,054 1,167
Henma 300 1,151 1,434
400 1,241 1,567

Hsnonzeanume cvkpawenusa ¢ maon. 2 ca: OJIC — ocnosa nuyesa cmpana, BrJIC — evmvk  nuyesa cmpana. Tesu
CbKpauyerus ca non3ean 6 cireosawjy mabauyu u epadpuxu 8 mexkcma. Macama Ha uzcied8anomo napue mexkcmui, Koemo ce
MOHMUPA HA WeliHama ce npeHebpe2aa.

Taénuya 3. CToitHOCTH Ha KOS()UIIMEHTUTE HA TPUEHE MIPU TTb3TaHEe

Maca Ha mieiiHara
ApTHKYT C IOIIBTHUTEITHO KoeduiireHT Ha TpUESHE MIPH ILTb3raHe
HaTOBapBaHe
g OJIC-OJIC OJIC-BkJIC
200 0,292 0,360
Boiika 300 0,412 0,521
400 0,530 0,674
200 0,494 0,395
T'eprana 300 0,659 0,623
400 0,774 0,773
200 0,904 0,928
Beponuka 300 1,184 1,211
400 1,387 1,467
200 0,991 0,993
Hena 300 1,106 1,284
400 1,179 1,450
Ha 6a3a Ha TpuTe onuTa ¢ pa3IiMuyHO HATOBap- Ha Crnumka Ne 1 e nokasan usries ot rpadud-

BaHe Ha IlIeiiHaTa 3a BCEKU €AMH OT apTUKYJIMTE B HOTO Iporuosupane B Excen 3a aptuxyn Beponu-
pa3IM4YHU HAIpaBICHUs HAa M3MUTBAHETO 4Ype3 Ka MpU TPUEHE B HAIMpPABIECHUE OCHOBA JIUIIEBA
rpadgu4HO mporHo3upane B Excen mpu mon3BaHe — CTpaHa M 3a JBaTa Cclios ThKaH.

Ha ¢yHkiuara TREND, ycraHoBeHa JIMHHsITA HA

TEHJCHIMSTA HAa 3aBUCUMOCTTa Ha KOoe(UIIMEH-

TUTE HA TPUEHE BbB Bph3Ka C HATOBAPBAHETO.
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Format Trendhine
Trosdlias Ogtora ™

Cnumrka 1. T'paduuno npornosupane B Excen Ha Tpenna Ha Koe(pUIMEHTHTE HA TPUCHE

I'paduunuTe 3aBUCUMOCTH Ha KOS(PUIIMEHTUTE
Ha TPUCHC 3a BCHUYKH APTHUKYJIU B PA3JIAYHU
HalpaBJICHUs] HA TPUEHE BBB BPbH3Ka C HATOBAp-
BaHETO canoka3anu Ha I pagpuxu Ne 1+ 16.
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IpH TUTh3TaHe 3a apTUKya Henma B HanpaBneHue
OJIC - BJIC
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B pesynrara Ha nmpoBeAeHOTO H3CIEABaHE
MOXe Ja ce 06001u:

[Tpu ananu3 Ha I pagpuxkume Ne 1 + 16 ce ycra-
HOBSIBA, Y€ JIOrapUTMUYHA QYHKIUSI — OJIM3Ka 10
JUMHeWHaTa WM JTUHEHHA (QYHKIUS HIeaTHO
OIKCBA TPUEHETO Ha KONPUHEHHU ThkaHH. OT 00110
16 rpaduku, 10 ugeansHo ce OMUCBAT C JIOTapHUT-
MUYHA QYHKIHS, a 6 — C TMHEHHA.

[llecTTe nuHeiHN rpaduku OMXa MOTJIU J1a ce
OIUIIAT C JJOTapUTMUYHA U TO IIPU BUCOK J10BEPH-
Tenen koeduiment R’ > 0,99.

be3 m3kitoueHue 3a U3ciaeBaHUTE apTUKYIIH,
CTOMHOCTHTE Ha JOBepUTENHUs KoeHIueHT e R’
> (),99. CTOMHOCTUTE, KOETO CE€ BHXKIAT IIOJ
rpaguunute ypapuenus B I pagpuxuNe 1+163a R’
XapaKkTepu3upaT cOJMKaBaHETO KaTO MOJEN C
MHOT0 100pO 1 MJI€aIHO Ka4decTBO, IPU HOpMa 3a
nocroBepHocT Haa 0,85.

B excnepuMeHTamHOTO M3CieIBaHE ca MOIy-
YEeHU pe3yTaTH 3a Koe(UIMEHTH Ha TpueHe (IIpu
MOKOH U TpU TUTb3raHe) Oiau3ku 10 1 u gopu mo-
ronemu ot 1. Koedunnenture Ha TpueHe 3a rnose-
4eTo MaTepHay He MpeBUIIaBaT 1 1 OOMKHOBEHO
ca B rpanunurte mexay or 0,1 u 0,5. Axo
Koe(pUIMEHTHT Ha TPHEHE L > |, TOBa 03HAYaBa, 4ye
CujlaTa Ha TPUEHE € IO-ToJIIMa OT HOpMaliHaTa
cuna (cuiara, KOSITO € NEepHeHAUKYIspHa Ha
KOHTAKTHATa MOBbPXHUHA) U MEX1Y TPUELIUTE ce
noBbpxHocTn uMa u azaxesusa. Cer Xeepiuan
orpesessi €IHO MPOCTO MPaBUIIO 32 KOSPHUIIMEHT
Ha TPUEHE M0-BUCOK OT 1. ,,AKO HEIllO € MO-TPYIHO
na ce OyTa, OTKOJKOTO Ja C€ IMOBIUTHE —
KOe(UIIMEHTHT My Ha TPUEHE TTO-BUCOK OT 1.“[7].

3aknruenue

be3 m3kimoueHne mpu U3CIIEBAaHUTE KOIPH-
HEHH THKAaHU C€ YCTAHOBSABA Y€ KOC(UIIMEHTHT Ha
TPHEHE TIPU TIOKOW C TEHACHIHUS KBbM ILTb3TaHe
(cratnueH KOe(UIMEHT) U TMO-TOISIM OT Koedu-
[IMCHTAa Ha TPUEHE MPH ILTh3TaHe.

Hanuue e aHn30TpONMHOCT Ha KOeUIIMEHTUTE
Ha TPUEHE B Pa3IMYHHUTE MOCOKU Ha M3MMUTBAHE.
be3 m3KimrodeHne NpU W3CIEIBAHUTE TEKCTUITHU
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THKaHHU C€ yCTaHOBSBA Ye KOS(UIIMECHTHT Ha TPHE-
HE TIPH MOKOW C TEHACHIIUA KbM IUTh3raHe (cra-
TUYCH KOC(PUITUCHT) U ITO-TOJISIM OT Koe(hHUIIneHTa
TPHEHE MPH ITb3TaHe.

Hanuiie e aHU30TpOMHOCT Ha KOSPUITUCHTHTE
Ha TPUEHE B PA3JTUYHATE TIOCOKH HA H3ITUTBAHE.

M3MeHeHneTo Ha cuitaTa Ha TPUSHE 3a U3CIIe]-
BaHUTE KOMPUHEHW THKAHW, C MPOMSHA HA HOP-
MajHaTa cuia (HaTucKa), € TIOJYMHEeHa Ha Jora-
PUTMHYHA 3aBUCUMOCT — ONMU3Ka JI0 JMHEWHaTa
WJIA INHEHHA.

M3MeHeHneTo Ha cuilaTa Ha TPUCHE 3a U3CIIe/-
BAaHUTE KOMPUHEHW THKaHH, C MPOMsHA HA HOP-
MajHaTa cuia (HaTucka), € TIOJYMHEeHa Ha Jora-
PUTMUYHA 3aBUCHMOCT.
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