nonnachupHble BOMOKHA M KOoMnareH HaxogaTcs B BbICOKO3MACTUYHOM COCTOSIHUW, BUAWMO,
dukcaumsa Kpacutenss Ha nonmuadMpHbIX BOMOKHAX MPOUCXOAUT B pesynbTate UX COBMECTHOro
nnaBsneHus.

Mopdonorusi noBepxHoOCTN 06pasLoB TKAHEN OO M MNOCe KpaleHUsi ¢ MEeTansIoKOMMIEKCOM
konnareH: Cr3* uccrnegoBaHa C  MOMOLUBH  CKaHWMPYHOLLErO  SMEKTPOHHOro  MuKpockona
SEM EVO MA 10, Zeiss (l'epmaHnus).

Cyoa no wusobpaxeHunsaM, KpacuTefnb HE HapyllaeT CTPYKTypy MONoTeH, He obpasyeT
oTaenbHyo dasy, copompyeTcs B MUMKPOMOPbI BONTOKOH. [Jaxke npy 3Ha4YMTENbHOM YBENUYEHUM Ha
MOBEPXHOCTU NOMM3EUPHBIX W XIOMKO-MONMMIMUPHBLIX BOMTOKOH HE 3aMETHO HanmMyne NOCTOPOHHUX
npumMecen, B TOM u4ucre Kpacutens. OTO OObACHsAeTcA TeM, YTO MocCfne KpaweHus u
Tepmocdpumkcaumm npu  130-140 °C kpacuTenb copbupyeTcss Ha MOBEPXHOCTb BOJIOKHA,
anpcdyHanpyetca B cBOOOAHbIE MOPbI M BO BpPEMS OXIaXAEHMU MOPbl BOMOKOH CYXXalTcs, a
Kpacutenb OCTaeTCsd BHYTPWU BOMOKHA M TKaHb paBHOMEPHO okpalumBaeTtcd. Nocne kpaweHus u
TepMmodukcauun Mokpble ob6paboTkM NpoBOAATCS npwu TemnepaTypax He Bbiwe 95-100 °C, u
Kpacutenb OCTaeTcs B nopax BoNokHa. Ha m3obpakeHusax XrornkoBOW TKaHW Mocre KpalleHus
KOMMMEKCOM, 3aMeTHO HamnuMune MnpuMecer U KpacuTenss Ha MOBEPXHOCTM BOMOKOH. JTO
noaTBepXXAaeT TO, YTO KpacuTenb B MeHbLUen cTeneHn abcopbupyeTcsi B BONOKHA XITOMKOBOW
TKaHW, OCTaeTCs Ha MOBEPXHOCTU BOJIOKOH. [Mpu 3TOM CTpyKTypa BCEX OKpalleHHbiXx 0bpasLoB
COXpaHsItoTCS.

YCTOMYMBOCTL OKpackm K cTtupkam npoeogunacb no FOCT 9733.4-83 u oueHuBanacb no
FOCT 9733.0-83 «MaTtepuanbl TeKkCTUnbHble». Pe3ynbTaTbl AN BCEX TPeX BUOOB TKaHW,
OKpaLlleHHbIX npu pH = 7: 5/5/5.
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Abstract. The conditions for graft copolymerization of collagen hydrolyzate, isolated with a
dilute alkali solution from cattle skin waste, with monomers — acrylic and methacrylic acids are
given. The synthesized copolymers are used for sizing cotton yarn before weaving. The process of
desizing cotton yarns were carried out by biochemical method.

Keywords: graft copolymerization, collagen, monomer, sizing and desizing.

The preparation of cotton yarn for weaving is a technological link between the production of
yarn and the production of fabric, therefore it plays a significant role in achieving high quality textile
materials in the modern weaving industry on highly automated looms. Agueous solutions of starch,
cellulose derivatives, proteins, polyvinyl alcohol (PVA), polyacrylamide (PAD), polyacrylic acid
(PAA), polymethacrylic acid (PMAA) are reagents for sizing cotton yarn [1, 2, 3]. At most textile
enterprises of the Republic of Uzbekistan, inexpensive starch is used as a sizing agent. Starch-
based solutions do not meet many modern requirements. Including: low solution stability, low
strength, stiffness and brittleness of the film, the difficulty of desizing fabrics. Collagen is an
excellent sizing agent, and a collagen-containing solution of raw animal skin waste has been
successfully used for sizing cotton yarn [4]. The general lack of protein substances, i.e. the rigidity
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and brittleness of their film on the surface of materials affects one of the main properties of cotton
yarn: the relative elongation of the threads under tension decreases. The solution to the problem is
seen in the use of modified proteins to obtain a sizing composition, including collagen graft
copolymers. The purpose of this study is the synthesis of graft copolymers of collagen with
(meth)acrylic acid the preparation of a sizing solution based on new sizing reagents for cotton
yarn.

Synthesis of graft copolymers was carried out in a three-necked flask equipped with a stirrer, a
reflux condenser, and a capillary for blowing nitrogen gas. The calculated amount of a 10 %
solution of collagen, monomer, initiator was loaded into a flask, the flask was placed in a water
thermostat. The synthesis was carried out by stirring the solution in an atmosphere of gaseous
nitrogen, at a mass ratio of collagen : monomer = 1:1, at a temperature of 60 °C for 6 hours.

The sizing process of cotton yarn was carried out on a GA392 single thread sizing machine
(China). The speed of yarn passage is 20 + 1 m/min, the temperature of the sizing solution is 45 *
2°C, the drying temperature is 60 + 2 °C. Desizing of the yarn was carried out by the traditional
method in a soap-soda solution at a temperature of 90-95 °C, as well as by a biochemical method
in a 0.2 % protease solution at a temperature of 30 £ 1°C and pH = 6 + 0.1 for 1 hour. The pH of
the medium was controlled using a buffer solution consisting of a mixture of potassium
dihydroorthophosphate (KH,P(,) and sodium hydrogen orthophosphate (Na,HF({,). Then the
yarn was washed and dried at a temperature of 50 °C to constant weight.

Potassium persulfate is an oxidation-reduction initiator, which initially dissociates into ions and
forms an ion-radical and a free radical when interacting with water molecules. As a result of
exposure of collagen with nitrogen hydrogen, these patrticles create active centers of grafting in the
protein macromolecule. The formation of active centers in the interaction of collagen
macromolecules with PP:

5,05 - 250;" S0;" + H,0 - HSO; +0H"
Ri,—NH—-CO—-R,+50,"/OH =R, —N"—CO—-R,+ HS0; /H,0
The initiation and growth reactions of grafted polymer chains:
R,—N'—CO—-R,+CH, =CH(X)— (R,)(R,CO)N — CH, — C"H(X)

(R,)(R,CO)N — CH, — C"H(X) + nCH, = CH(X)
— (Ry)(R,CO)N — [CH, — CH(X)] -y — CH, — C"H(X)

As can be seen from the above reaction, initiating radicals are generated in the collagen
molecule, and these active centers serve to graft acrylic monomers. The growth of grafted chains
occurs according to the radical mechanism. It showed high copolymerization efficiency in
polymerization reactions with collagen and acrylic monomers.

Graft copolymers of collagen with acrylic and methacrylic acids were used for sizing cotton
yarn. Studies have been carried out to clarify the nature of the interaction of cotton cellulose with
copolymers. The detected changes clearly indicate the formation of new intermolecular hydrogen
bonds between the macromolecules of cellulose and collagen graft copolymers (Figure 1).

.
}‘? ‘ NH, ?Hlf CH—C=0
we—N—Coll -N—CH,~CH—-C=0 *:"V *C()//—jl\/ -‘?/Hz
[_‘[ Graft copolymer H R Q =C— ICH —
+ — Hydrogen bond C—,_> — CH
OH OH —~ OH OH [
N— R
|
Coll
|
*L....
OH OH H
H R ‘ NH,

| | \
v —N—Coll-N—CH,—CH—C=0
Figure 1 — Scheme of the formation of intermolecular hydrogen bonds between
cellulose and collagen graft copolymers
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The surface morphology of the yarns can be observed in Figure 2, which shows enlarged
images using a digital optical microscope and SEM. the fibers of the raw yarn are friable, individual
fibers protrude from the common bundle. These individual fibers, clinging to the mechanisms of
looms, cause thread breakage, deteriorating the quality of the weaving process. On the surface of
the sized threads, a layer of sizing agent is very clearly visible. The sizing is sticky and has a
certain viscosity, covers the surface of the yarn and partially penetrates deep into the thread.

100"
Figure 2 — Morphology of the surface sizing cotton yarns. A — sized with graft copolymer with
acrylic acid, B — sized with graft copolymer with methacrylic acid

The physical-mechanical properties of the sized yarn are the main indicator of the suitability
and effectiveness of the sizing agent. Sizing of cotton yarn with a starch solution, and especially
with solutions of collagen graft copolymers, leads to an increase in the strength of the threads. The
degree of desizing was checked by changing the linear density and capillarity of the yarns with a
linear density of 30 tex after each process.

Tablel — Change in the capillarity of yarn (mm) with a linear density of 30 tex in the processes
of sizing and desizing

The."F‘eaf Qensny of _the yam after The linear density of the yarn after
. densitv of sizing with a solution of graft sizina from collagen conolvmers
Linear density o copolymers of collagen with g from 9 oty
the original yarn monomers with monomers
AA MAA AA | MAA
Desizing in soapy soda solution
32 | 33
30 36 38 . -
Desizing in a protease solution
29 \ 29

Graft copolymers of collagen with acrylic monomers contain hydrophilic functional groups, so
they do not reduce the capillarity of yarns. In the process of desizing, especially in a protease
solution, after removal of the sizing agent, the porosity of the threads increases. The polymer layer
with acrylic and methacrylic acids have good affinity for cotton fiber, forms a smoother and more
elastic layer without external damage.
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