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V3BEKHUCTOH PECIIYBJIHUKACH OJIUU BA YPTA MAXCYC
TABJUM BAZUPJIUTU
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MYTaxaCUCJIUIU

MAT'NCTPJIMK JUCCEPTALIUA AHHOTAIUACHU

Mag3yHUHI 103ap0jauru. bo3op MyHocabaTiapuaa okopu cudariu Ba

pako6arbapol MaxCyJOTIApHU UILIA0 YMKAPUILI XO3UPTH 3aMOHHUHT Tanabu Ba
TYKUMAUUJIUK CAHOAQTUHUHT OMpJaH OWp OMUIM XHcoOjaHaau. XO3WPrd BaKTAa
TYKMMaYWIMK CAHOATUA MaXTa TOJIACUHU KalTa UIUIalll, MaMJIaKaTUMA31a WIMHIL-
TEXHUKAaBUM  acOCHM  Xamjaa OKopu cudarim  TYKUMAYWIAK  CaHOAT
MaxCyJOTJIIApUHUHT (PU3BHK-KUMEBUH Ba (PU3MK-MEXAHUK XOCCATApPUHU YPraHUILIHA
tanad kwiagu. KyroknamrtupyBuniaap TYKMMAuWIMK CAaHOAT MAaxCyJIOTIapUHU
UIU1a0 YMKApHUILAA ACOCUN POJIHM YWHANIM, YHU UIILTA0 YMKAPYBUMIIAP UKTHUCOIUIN
KUXATAaH HAPXUHUHT ap30HJIMTYM Ba CU(GATUHUHT FOKOPWIMIMHUA TabMUHIIAIIH,
YHUHT TE€XHOJIOTUK XOCCACHUHM fXIIMJaml, OYEBUM MOAJNaIapHUHT (oilamaHuII
JapaKaCHU OIUMPUIIMHUA TabMHMHJIAIIM Kepak. KynrumHa TYKMMaduIMK CaHOAT
napao3ant KopxoHanapuja matojapra daos 0yExmap Ousnan ryi 6ocuiga Tabuui
Kpaxmaj KyJUIaHWIMaWIW, YHUHI ypHUTra XOpPWXKIAH KEITUPUIIAETTaH
KYIOKJAIITUPYyBYMWIAp MIUIATWIAAA. by 3ca MaxCyJOT TaHHapXWHUHT OIIMIINWTA,
eTKa3uO OepuIll MYyAJATHHUHT >KyAasM Yy3UiIMO KETHIINra Ba MaMJIaKaTHUHT
BAJIIOTA 3axXMpacura KarTta TabCUp Kypcaraad. Xed Kailcu Oup MNoJuMepHU
WHIUBUIyal KYIOKTAmMTUpyBun cudartuna wunuiatud Oynmaraniurua cababmu
HAaHOKOMITO3UIIMOH TOJUMepJap acocuaa KyIKIalTUpyBUMIapAaH (oilnamaHuil

MYXUM aXxaMusT KacO 3TMOKJIa.



[TaxTa Tomacu acocuaard TYKMMAuWJIMK MaTojapura ryji OOcCHII Kapa&éHu
yUyH pecnyOnukamusga uiriad YuKapuiaJurad TaOWud MOoJuMep Ba KUMEBHU
peareHTiap acocwia sAXIIM HAaTWKa OCepyBYM TapKUOMM Ba TY3WJIHILIA
HAaHOKOMIIO3UT KYIOKJIAIITUPYBUUJIAP SpaTUIl  Aoji3apd MyammoiapliaH Oupu
xucobnanaan. byHnai kym QyHKIMUIN OIMMEp MaTepUaIapHHU WIIa0 YUKHII
CyBAa d3pyBYaH mnojuMmep ¢ocdariau Tys3nap acocuaa kKpaxman (ocdar uiiad
YUKapUIaJurad, Xxamia Maxauuiuid caHoaT KOpXOHaJlapu/ia UIL1ad YuKapuiIiaJuran
CHUHTETUK TIOJUMEpIap/iaH HaHOKOMITO3UIIMOH KYIOKJIAIITHPYBYMIAD TapKHOWHU

spaTUIIIad udopar.

MaB3yHMHI ___ Makcaam:  Maxamumuidi XoM aménap acocuja OJMHTaH
moaudukanusuianran kpaxmain (MK) Ba cyBna spyBuan mosumepriap YHUQIIOK,
ruaposnznanrad nojguakpuinonutpun ([MITAH) xampa nomuakpunamun (ITAA)
acocH/la HAHOKOMITO3HMITMOH KYIOKJIAIMITAPYBYM MaxXCyJIOoTiap OJWII Ba YHHUHT

(GU3UK-KUMEBUI XOCCATapUHU YPraHuIl.

Mag3yHuHr_Bazudauapu: Mm makcanuaan kenu0 YMKKaH X011a KyWnaara

Bazudanap OenruaaHm.

1. Marora ¢aon Oyéxnapau OocHill yuyH MoaU(pHUKAIMATIAHTaH KpaxMal Ba
CyBlla 3pyBUaH MOJUMEpPJap acocuja KYIOKIAITHPYBUWIAPHUHT TapKUOUHU
AITa0 YAKHIII,

2. HaHOKOMITO3UIIMOH KYIOKTAIITUPYBYMIAPHUHT TY3HWIIUII, PEOJIOTHUK Ba
MaToJiapra ryj 60CUII TEXHOJOTUSICUHY YpraHul,

3. Nmnab 4uKuiaraH HaHOKOMITO3UIIMOH KYHOKJIAIITHPYBUYMIAPHUHT MaTora

rya 0ocumaaru pU3MK-MEeXaHUK Ba KOJIOPUCTUK XYCYCUSITIAPUHU YPraHuIl.

TaagkukoT 00beKTH Ba npeaMeTu. Monudukanusiianran  kpaxmain (MK),
CUHTETUK TIOJIUMEpJIap — YHUDIOK, THAPOJU3JIAHTAH TOJUAKPUIOHUTPUI

(TUITAH) xamaa nonuakpuinamug (ITAA).

TaaKHKOT yCyJLIapH. Bucko3umerpus, KUMEBUI aHAIN3, BU3yall Ba

CHEKTpaJ TAAKUKOT YCYyJIIapH.



Taakukor MeTopapu. Kpaxman Ba CHHTETUK MOJUMEPJIAPHUHT TAPKUOH,

bU3UK-KUMEBUH  XOccalmapy Ba TY3WIHIIH YPTraHWIagu, MOAU(UKAIMSIIAHTaH
kpaxman (MK) Ba cyBma spyBuaH mnonumepiap YHUGIOK, THAPOIHU3IAHTaH
nonuakpunonutpun (I'MITAH) xamna nonuakpunamun (ITAA) napnaH ojlMHran

HaHOKOMIIO3UT MAaTCpHUAJUIAPHUHT PCOJIOTUK XOCCAJIapH TaJAKUK 3THJIaIN1

TagKNKOT HATHKAJAPUMHMHT MMM XKMXATAAH SHIWINK J1apaskacu:

Maxammuii xoM aménap acocuja OJMHTaH MOAM(PUKALMSIIAHTAaH Kpaxmal
(MK) Ba cyBma »OpyBYaH TmoduMmepiap  YHHU(DIOK, THIPOJIHM3JIAHTaH
nomuakpunonutpun (I'MITAH) xamaa mnomumakpunamun (ITAA) acocua
KYIOKJTAIITUPYBYM HAHOKOMIIO3UIUSIAD OJUIIHUHT WJIMUN aCOCHHH SIPATHIIL
KyroxnmamrupyBur HaHOKOMITO3HMIFSUIAP TApKHUOWTa KUPYBUYM KOMITOHEHTIAp Ba
yJIapHUHT (DYHKIIMOHAN TypyXJap TapkuOUd KUCMJIAPUHHUHT Oup-Oupura
MOMWUIMTMHU ~ Ypranuml.  KylokimamTupyB4d  HAHOKOMITOZHIIMSUIAP  OJIMIII
KapaéHuia TapkuO Ba TYy3WIHUII Y3TapUIIUHU (PU3UK-KUMEBUM acociad, Maxaiii
XOM aménapra acocjaHraH XoJjJa KYIOKIAIITUPYBYM HAHOKOMITO3UIIMSLIIAP

OJIMIITHUHT SHT MakOyJI Ba peCypc T€KaMKOP TEXHOJIOTHUSCUHU UITLTA0 YUKHUII

TagkKUKOT HATH/KAJAPHHUHI aMaJuid axamMuaTH: Mnourad yukwiragd

KYIOKJTAIITUPYBYM ~ XYCyCHsITra sra OYiaraH HAHOKOMIO3MUIMSUIADHUA — MIILIA0
YUKAPUIIHUHT NapAo3jall LexXJapuaa KyJUlalll Ba YHU  CaMapaJlOpiIuruHU

aHMKJIaIL.

Nm_ty3waumu Ba TapkuOu _ Kupum xKucmuga MaB3yHUHT J0J13apOJIUrd

acocnab Oepwianu, YTKa3WiraH TaIKUKOTJIAPHUHT MakcaJ Ba Basudanapu

H_IaKJIJ'IaHTI/IpI/IJ'II/I6, WITHUHT WJIMHMH SHTUJINTHA Ba aMaJIni axaMUuAaATHu Kg’pcaTI/IJ'IaI[I/I.

bupunun 60072 MamilakaTUMH3 Ba 4YeT O TYKUMAYWIMK CaHOATH]IA
KYJUIAaHWIAJAUTaH KYIOKJIAIITUPYBUYWIADHUHT XO3UPIM KyHJAard XxoJjaTh Ba
PUBOXJIAHUIII TEHIACHIUSICH XaKUJard WIMHH — TEXHUK HIUIAPHUHT TaxJIWJIA

Oepuay.



NkxkuHun 0001a TagKWKOT yCyulapd TaBCcU(IaHAM Ba KYJUIAHWITAH

MaTcpuajyiap Xaknaa MabJIyMOTIIaAp KCJITHPUIIAIH.

Yuyuaun 060012 wWiIMHA TEXHUK agabuWéTiap TaxJWiM —HaTHXacuaa
MIaKJUTAHTUPWITAH, MaXauluil XoM-aménapra acocjiaHraH KyIOKJIAIlTHPYBYU
HAHOKOMITO3UTIAp TapKuOM WNUIA0 YMKWIATW, YJIApHUHT (DU3UK-KUMEBHM,
MEXaHUK Ba PEOJIOTMK XOcCcallapd YpraHWwiaiu, HMIUIa0-4MKUITaH TapKUOHUHT
KYIOKJTAIITHPYBUM TOJUMEpP HAHOKOMIIO3UIUS XYCYCHSTIAPU HIUIA0-YMKApUII

CHHOBHAAH SJITKa?:I/IIH peXKaITalITUPpUIIAIN.

Nnmuii pax6ap: K.}g.H. , mon. PaBmanos KazoxkMypona AcamoBud

Maructpatypa Tayiadbacu: OmumoB bobup baxoaupoBuu
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MYTaxaCuCJIUIn

AHHOTAIIUA

AKTYaJIbHOCTh TeMbl. B COBpPEeMEHHBIX YCIOBUAX (HOPMHUPOBAHUS
PBIHOYHBIX OTHOIIEHWN TIOBBIIIEHWE KauyeCcTBa U KOHKYPEHTOCHOCOOHOCTH
NPOAYKIIMA  SABJISAETCS  OJHOW W3  KJIIOYEBBIX 33Jad B TEKCTHIBHOMN
MPOMBIIIUICHHOCTH, PEIIaeMbIX MyTeM co3/1aHus 3(PGEeKTUBHBIX OE30TXOHBIX
TEXHOJIOTH, TO3BOJISIONINX 3HAYUTEIHHO CHU3UTHh WM TOJHOCTHIO UCKIIOUUTH
MPUMEHEHUE JOPOTUX HMMIIOPTHBIX, MPHUBO3HBIX XHUMHYECKUX MaTepuaaoB. B
HACTOSIIIIEe BpeMs JUIsl TeYaTaHUs XJIOM4aTOOYMa)KHOM TKaHU B TEKCTHIILHOMN
MPOMBINJICHHOCTH, KakK M y HAcC B CTpaHE TaK W 3a pyOekoM pa3padaThIBArOTCS
HAyYHO-TEXHUYECKHE perieHus, MpeayCcMaTpUBaIOIINe MOJTy4eHHUE
BBICOKOI(P()EKTUBHBIX TEKCTUIBHBIX MaTEepHaJioB C 3aJaHHBIMH  (DU3UKO-

XUMHUYCCKMMH U (bI/ISI/IKO'MeXaHI/I‘—ICCKI/IMI/I CBOMCTBaMHM.

3arymaroime MaTepualibl UrparoT BCIIOMOTaTeIbHYIO POJIb B TEKCTHIHHOM
MPOU3BOJICTBE, TEM HE MEHEE, NX CTOUMOCTh M KAuye€CTBO OUIYTHMO BJIUSIOT Ha
HKOHOMHUYECKHE [IOKa3aTeNd OTAECJIOYHOTO NPOU3BOJACTBA, a YJIy4ylIEHUE €€
TEXHOJIOTUYECKUX CBOMCTB CO3/1a€T MPEANOCHUIKUA JJIS YJICIICBICHUS TMEeYaTH 3a
CUYET TMOBBIIIEHUS CTEIEHH TOJIE3HOTO MCIOJIb30BaHUSI KpacutTens. Bo MHorux
TEKCTUJIBHBIX TPEANPUATUAX C AKTUBHBIMU KPACUTEISIMU YXKE€ HE HUCIOJIb3YyeTCs

HATUBHOM Kpaxmall, IMpUu4Ic™M IPUMCHACTCA JOPOruc HMMIIOPTHBLIC 3aryCTuTClIu,



KOTOPBLIC OIYTHUMO BJIMACT HA HCHY IIPOAYKTA H O6y0HOBHHBaCT CBA3aHHOCTDB
IMpOU3BOACTB, C UX I[OCTaBKOﬁ pacxoays HE TOJIbKO MHOTO BpEMCHH, HO K BaJIFOTHBIX

pe3epB rocyIapcTBa.

[ToCKOJIbBKY HU OAWH WHIUBUAYAIBHBIA TOJUMEDP HE MOXKET HCIIOJIb30BaTHCS
B KAueCTBE COBEpPUIEHHOIO  3aryCTUTENs, CO3JaHUE  JIETKOHAHOCHUMBIX
(TEXHOJIOTMYHBIX ) TOKPBITUHN Il TEKCTHJIBHBIX MaTEpPHaIOB BO3MOKHO Ha OCHOBE
MOJMMEPHBIX KoMIo3uluil. I[loaToMy BecbMa akTyaJbHOW 3aJayeill SABISETCSA
pa3paboTKa cocTaBa v perenTyphl 3G HEKTUBHBIX KOMIIO3UIIMNA HA OCHOBE MECTHOTO
IIOJINMEPHOTO CBIPbsl KaK IMPUPOJHOTO TaK W CHUHTETUYECKHUX IPOUCXOKICHUH,
IPUTOJHOTO B KAyeCTBE 3aryCTKH B IMPOLECCE OTAENKH XJIOMYaTOOYyMaXKHBIX
TKaHeil. B 3ToM  acmekre  HECOMHEHHBI  HMHTEpEC  NPEACTaBISAIOT
0 yHKIIMOHATIBHBIE MOJIMMEPHbIE KOMIIO3UIIMM HAa OCHOBE BOJOPACTBOPUMOTO
nonumepa, yHudiok (YOK) u ruaponuzoBanubiil nonuakpunonutpua (I'MITAH)
npousBogumas B AOO «HaBomazoT», a Takke OKHUCICHHO MOAM(PUIMPOBAHHBIN
kpaxman (OMK), noiay4eHHbIH U3 pUCOBON MYKH, KOTOPBIM SIBJIIETCSI BTOPUYHBIM

MPOYKTOM TIpH nepepaboTke puca.

CooTrBercTBHE pPadOThl TNPUOPUTETHBIM HANPaABJIEHUEM HAYUYHBIX
HCCJIe0BAHMI B pecny0J/inKe, CTeNneHb M3y4eHHOCTH NMP0o0JieMbl, CBSI3b Pad0ThI

C INITAaHAMM HAYYHO-HCCJIEA0BATEC/IbCKHAX paﬁoT.

JanHast paboTa BBINOJHSAETCS B paMKax HCCJIEAOBaHUN MPOBOAUMBIX B
HaydyHOM Jrabopatopun Kadenpbl «XuMUH» byxapckoro rocynapcTBEHHOTO
YHUBEpCHUTETA 10 TeMe «Pa3paboTka TEeXHOJIOTHUHU MOJyYSHUS MTOJTUMEPOB HAa OCHOBE
TETEPOLUKINYECKUX COCIMHEHUA W HCCIEIOBaHUE UX MPOMBIIIJICHHO—
TEXHOJIOTHYECKHUX  cBoMcTB»  (Homep Toc. peructpauun  0197000630),
KOOPJMHUPYEMON HaydHbIM cOBEeTOM «HOBBIE BeliecTBa, MpoLeCcChl MOJIYYEHUS U
nepepadotkn» AH PVY3, a Takke coOCTaBHOM dYacThlO TOCYJapCTBEHHOTO
(GbyHIaMEHTAIBHOTO HAYYHO - HCCIEAOBATEILCKOTO MPOEKTa TOCYJApPCTBEHHOTO

rpanta Pecny6nuku Y36ekuctan no npoekty EA-12-8 na temy «Moauduxanus



KpaxMajla U CO3AaHUC TCXHOJIOTMU IIOJYHYCHHUSA HOBBLIX HMIIOPTO3aMCIIAOIINX

3aryIariuX MaTepruaioB Ha €ro OCHOBE» BbINoJHsIeMbIl B 2016-2017 rogax.

Leabio HacTosiel padoThI SBISCTCS pa3pabOTKa TEXHOJIOTHUH TTOTYUCHUS
HOBBIX COCTaBOB BHICOKOA()(DEKTUBHBIX KOMITO3UIIMOHHBIX 3aryCTUTENIEH HA OCHOBE
OMK, CHUHTE3UpPOBAaHHOIO M3 PHUCOBOrO Kpaxmaja IMOJTYyYEHHOrO0 U3 BTOPUYHOTO
ChIpbsl MpU TMepepaboTKU CEIbCKOXO3SIMCTBEHHBIX KYJIBTYP U BOJIOPACTBOPUMBIX
MOJIMMEPOB MPUMEHSEMbIE B TMPOIECCE TMeYaTaHUsl XJIOMYaTOOyMaKHOW TKaHU B
KaueCcTBE 3aryCTHTENsI TeYaTHOM Kpacku. Pa3paboTka HampaBieHa Ha
WHTEHCH(UKAIIMU  Tpolecca TedaTaHusi, paCHIMPEHUIO CHIPHEBOM  0asbl,
YIPOILEHUIO TEXHOJIOTH ITPOU3BOJICTBA U CHIDKEHUE CEOECTOMMOCTH BBIITYCKAEMBIX

MPOAYKIIUH.

O0bexkTaMu HCCIeI0BAHMH PadOThI SBISIOTCA OKUCIEHHBIA Kpaxmad,

MOJIMMEPHI THPOJIU30BAHHOTO MOJUAKPUIOHUTPUIIA U TIpenapaTa yHUDIIOK.

IIpeamer wucciie0oBaHUM AUIVIOMHONW PadOThl CHUXEHHUE HHEPro- M
PECYPCOEMKOCTH OTZEJIOYHOTO MPOU3BOJCTBA nyTeM MOJTYYEHUSI
BBICOKOO(P()EKTUBHBIX 3aryCTUTENEH, OO0eCrneynBalomuil XOpOIIe KayecTBa
PUCYHKOB Ha TKaHSX, pa3padoTKa PU3NKO-XUMHUUYECKUX U TEXHOJIOTHYECKUX OCHOB
MOJIYYCHHS 3aTyCTOK, IyTeM KOMOMHHPOBAHHON MOIU(UKAIIMN KpaxMmaja IyTeM
OKHUCJICHUS M TPUCYTCTBUM BOJOPACTBOPUMBIX MOJMMEPOB, a Tak)Ke HaOMBKa
XJIOMYATOOYMaXHbBIX TKaHEW ¢ aKTUBHBIMU KPACUTEISIMU Ha OCHOBE IMOMOIIBIO

pa3pabOTaHHBIX 3ar'yCTOK B JJA0OPATOPHBIX YCIOBUSX TEKCTUILHON MPOU3BOJICTRE.

HoBu3Ha pe3yJbTaroB, O0KHUAAEMbIX OT BbINOJHEHUS BbIIIYCKHOU
padoThl. bynyT co3qaHbl HOBBIE 3aryCTUTENN HA OCHOBE OKHCJIEHHOIO Kpaxmalia
U BOJOPACTBOPUMBIX MoOJuMepoB. CocTaBbl pa3padaThIBAEMbIX  MOJUMEPHBIX
KOMITO3UIIMA  TPUTOJHBIX B KauecTBE  3aryCTHTENed  Juisi  HaOWBKHU
XJIOMYATOOYMaXHON TKaHH, MO3BOJISIOT YJIYUIIUTh TEXHOJOTHUECKHE U (PU3UKO-
MEXaHWYEeCKHMEe CBOWCTBAa HAOWMBHBIX TKaHeW. [Ipeamonaraercs, 4to 3a cuer
Mo U (DUKALIUK Kpaxmaa MyTeM OKHUCICHHOW MO (PUKAINK, a TaK)Ke MPUMEHEHUE

CUHTCTHYCCKUX ITOJIUMCPOB, BO3MOXXHO, ITOJYYACTCA AOCTATOYHO IINIACTHYCCKHC



MAacChl 3aTyCTHUTENS ¢ HEOOXOAUMOM BA3KOCTHIO. BynyT pazpaboTaHbl oNTUMAaIbHBIE

COCTaBhbI 3aFy0THT€HCﬁ " IICYATHBIX KPACOK C aKTUBHBIMH U 1HNA30- KPACUTCILIMU.

CaeeHusi 0 IJIAHMPYeMBIX padoTax M MeTodax HccjegoBaHuil. [lpu

BBIMIOJTHEHUH PabOThl OYAYT pElIeHBI CIeAYIONINEe HAyIHO-TEXHUUECKUE 3a/1a4H:

- pa3pa0oTKa coOcCTaBa 3aryCTUTEJIC Ha OCHOBE MOAUGPUIIMPOBAHHOTO
KpaxMalia W BOJOPACTBOPUMBIX MOJIUMEPOB /Ji1 HAOMBKU TKAHEH C aKTUBHBIMU U
JTIAA30KPACUTEIIAMU;

- H3YYEHHE CTPYKTYPHO-MEXAHWYECKHX, PEOJIOTUYECKUX W TEe4aTHO-
TEXHUYSCKMX CBOMCTB KOMIO3ULIMI;

- H3y4YeHHE (PUBMKO-MEXaHWYECKHX, TEXHHYECKHMX H KOJOPUCTHYECCKUX
CBOMCTB HAOMBHBIX TKAHEW MEUYATAHHBIX pa3pabOTaHHBIMUA KOMIIO3UILIUSIMU;

Hayunsie uccienoBanus 1mo paboTe OyAayT INPOBEASHBI C NMPUMEHEHHUEM
TPAAUIMOHHBIX 3aryCTUTEJICH JJIi TPUTOTOBJICHHWS TI€YATHBIX KpPACOK U
OCHOBBIBAsICb HA HOBBIX KOMIIO3MIIMOHHBIX  3aryllalOlMX  MaTepHhasoB.
OcoOEHHOCTH TIPUTOTOBJICHUS 3ariIyIIaloMUX KOMIIO3UIIMA Ha €€ OCHOBE OyayT
M3YYEHBI C TPUMEHEHUEM KOMIUIEKCA XUMUYECKUX, MEXAHUYECKUX, ONITUYECKUX U

QJICKTPOHHO-MHUKPOCKOIITMYCCKHUX MCTOA0B UCCICAOBAHMA.

O0bem u cTpykTypa paboThl. PaboTa n3noxxena Ha 60 cTpaHuiiax, CoIEPKUT

PUCYHKOB W TaOJUIbl U COCTOMT M3 BBEICHHs, TPEX IJIaB, OCHOBHBIX BBIBOJIOB,
CIIMCKA JIUTEPATYPHI U3 92 HAUMEHOBAHUM U NTPUIIOKEHMUS.

B mnepBoii rmaBe mpencTaBi€Hbl aHaJIM3 HAayYHO-TEXHUYECKUX padoT
KACarolNUXCd M3YYEHHHM COCTaBa M CTPYKTYypE KpaxMaljla pa3HbIX IUIOJOB M €ro
MOAU(UKALNMA, HEMOCPEICTBEHHO CBA3aHHBIX C TEMOW JAaHHOTO MCCIEIOBaHUS.
Oco0oe BHHMMaHHE YJEJICHO MPUMEHEHHIO KOMIIO3UIIMOHHBIX MaTepuayoB, Ha
OCHOBE MOAM(PUIMPOBAHHOTO KpaxMmana, HCIOJb3yeMbIX JJIs T€4aTaHHs
TEeKCTUJIBHBIX MaTepUaloB. B 3akirounTenbHOM pasfene JUTepaTypHOro o03opa
chOpMyYIUPOBAHBI IIETH U 3a7a9u PabOTHI.

Bo BTOpOIi rinaBe onucaHbl METO/IbI UCCIIEIOBAHNS, IPUMEHSIEMbIE B padoTe:

METO/IMKA CO3/IaHUE KOMMO3UIMKA HAa OCHOBE MOJM(PHUITMPOBAHHOTO Kpaxmaya C



THUAPO30BAHHOM TMOJHAKPUIOHUTPHIOM M YHUGIOKOM, TMOJYy4YeHHs IUIEHKH,
ONPENEIICHUs] BSA3KOCTH KOMIIO3MLMW, W HUCCICNOBAHUW JPYTUX CBOMCTB
IIOJIyYEHHBIX KOMITO3ULIUN.

TpeTss rnaBa nocBsIeHa 0OCYKIEHUIO PE3yJIbTaTOB CO3/IaHbl U U3YUYEHUIO
KOMIIO3UIIMI HAa OCHOBE MOJU(UIMPOBAHHOT0 KpaxMalla, KOTOPBIA IPUMEHSIOTCS B
KAueCTBE 3aryCTKM W HU3YYCHUHM CTPYKTYPHO-MEXAaHUYECKUX M PEOJIOTMYECKHUX
CBOMCTB KOMMO3MUIMHU 3arycTok. CPopMyIHMpoBaH KpUTEpUN OLEHKH MEYATAHUS
XJIOMYaTOOyMa)KHOM TKaHM, 3aryllalolMMU KOMIIO3ULUAMU B J1a0OpaTOPHBIX
ycnoBusix. COCTaBI€HBl YPaBHEHHE PErpeCcCHUU OIKCHIBAIOIINE 3aBUCUMOCTH
PEOJIOTUYECKUX CBOMCTB KOMIIO3WMLHH, a TaKXe KOJOPUCTUYECKUE CBOWCTBA

HalleuyaTaHHBIX TKAHCH.
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ANNOTATION

Relevance of the topic. In the current conditions of the formation of market
relations, improving the quality and competitiveness of products is one of the key
tasks in the textile industry, which are solved by creating effective non-waste
technologies that allow to significantly reduce or completely eliminate the use of
expensive import, imported chemical materials. At the present time, for the printing
of cotton fabric in the textile industry, as in our country and abroad, scientific and
technical solutions are being developed that provide for the production of highly
effective textile materials with prescribed physical-chemical and physical-
mechanical properties.

Thickening materials play an auxiliary role in textile production, however,
their cost and quality significantly affect the economic performance of finishing
production, and improving its technological properties creates the prerequisites for
reducing the cost of printing by increasing the degree of useful use of the dye. Many
textile enterprises with active dyes no longer use native starch, and expensive
imported thickeners are used, which significantly affects the price of the product and
causes the connectedness of production, with their delivery spending not only a lot
of time, but also the foreign exchange reserves of the state.

Since no single polymer can be used as a perfect thickener, it is possible to
create light-weight (technological) coatings for textile materials on the basis of

polymer compositions. Therefore, a very urgent task is to develop the composition



and formulation of effective compositions based on local polymeric raw materials
of both natural and synthetic origin, suitable as a thickener in the process of finishing
cotton fabrics. In this aspect, polyfunctional polymer compositions based on the
water-soluble polymer, unifloc (UFC) produced in the "Navoiazot" LLC,
microcrystalline cellulose (MCC) produced in JSC "Ferganaazot”, and finally the
electrochemical modified starch (EMC) obtained from rice flour, which is a
secondary product when processing rice.

The correspondence of work with the priority direction of scientific
research in the republic, the degree of study of the problem, the connection of
work with plans for research work.

This work is carried out in the framework of research conducted in the
scientific laboratory of the Department of "Chemistry" of the Bukhara State
University on the topic "Development of technology for the preparation of polymers
based on heterocyclic compounds and the study of their industrial and technological
properties” (state registration number 0197000630) coordinated by the Scientific
Council "New substances , the processes of obtaining and processing »of the
Academy of Sciences of Uzbekistan, as well as an integral part of the state
fundamental research project of the state grant of the Republic of Uzbekistan on
project EOA-12-8 on the theme "Modification of starch and creation of technology
for obtaining new import-substituting thickening materials based on it" carried out
in 2016-2017.

The purpose of this work is to develop a technology for the preparation of
new compositions of highly effective composite thickeners based on EHM,
synthesized from rice starch derived from recycled materials during processing of
agricultural crops and water-soluble polymers used in the printing of cotton fabric
as a thickener of printing ink. The development is aimed at intensifying the printing
process, expanding the raw material base, simplifying production technologies and
reducing the cost of manufactured products.

The objects of research work are electrochemical modified starch,

microcrystalline cellulose and unifloc.



The subject of the research work is the reduction of energy and resource
intensity of finishing production by obtaining highly effective thickeners, ensuring
good quality of the drawings on the tissues, developing the physicochemical and
technological basis for obtaining clots, by combining the modification of starch by
oxidation and the presence of water-soluble polymers, and packing cotton fabrics
with active dyes on the basis of developed clots in laboratory conditions of textile
production.

Novelty of the results expected from the performance of the final work. New
thickeners based on oxidized starch and water-soluble polymers will be created.
Compositions of polymer compositions being developed suitable as thickeners for
packing cotton fabric, allow improving the technological and physical-mechanical
properties of printed fabrics. It is assumed that due to the modification of starch by
electrochemical modification, as well as the use of synthetic polymers, it is possible
to obtain sufficiently plastic masses of the thickener with the required viscosity.
Optimum compositions of thickeners and printing inks with active and cold dyes
will be developed.

Information about the planned works and methods of research. In
carrying out the work, the following scientific and technical tasks will be solved:

- development of the composition of thickeners based on modified starch and
water-soluble polymers for filling fabrics with active and cold dyes;

- study of structural-mechanical, rheological and printing-technical properties
of compositions;

- study of physical-mechanical, technical and color characteristics of printed
fabrics printed with developed compositions.

Scientific research on the work will be carried out using traditional thickeners
for the preparation of printing inks and based on new composite thickening
materials. The peculiarities of the process of starch modification and the preparation
of fizzy compositions based on it will be studied using a complex of chemical,

mechanical, optical and electron microscopic methods of investigation.



Scope and structure of work. The work is presented in 60 pages, contains

drawings and tables and consists of an introduction, four chapters, main conclusions,
a list of literature from the titles and applications.

The first chapter presents an analysis of scientific and technical works
concerning the study of the composition and structure of starch of different fruits
and its modifications directly related to the topic of this study. Particular attention is
paid to the use of composite materials, based on modified starch, used for printing
textile materials. The final section of the literary review sets out the goals and
objectives of the work.

The second chapter describes the research methods used in the work: the
technique of creating compositions based on modified starch with hydrated
polyacrylonitrile and unifloc, obtaining a skin, determining the viscosity of the
compositions, and examining other properties of the compositions obtained.

The third chapter is devoted to the discussion of the results of the creation and
study of compositions based on modified starch, which is used as a thickener and to
study the structural-mechanical and rheological properties of the composition of the
thickener. The criterion for evaluating the printing of cotton fabric, thickening
compositions in laboratory conditions is formulated. The regression equation
describing the dependence of the rheological properties of the composition, as well

as the coloristic properties of the printed tissues, is compiled.



CHAPTER I. Literary Review
1.1. Composition and structure of natural starches and modern methods

their research.

Starch is a highly polymeric substance from the group of polysaccharides.
Starch is the most common carbohydrate of plants, which is formed in leaves as a
result of photosynthesis and deposited in roots, tubers and seeds in the form of
grains. Grains have a size, shape and internal structure, characteristic for each plant
species. For the size of starch grains take the length of their largest axis in microns.
The average sizes of starch grains of various origins vary widely. The largest are the
grains of potato - 17-35 microns, the smallest - starch grains of millet and rice 5-7
microns [1,2]. Researchers [3] note that small starch grains of cereal crops have a
higher gelatinization temperature than large ones. This property is explained by the
increased protein content in fine grains. It is suggested that the associated protein
protects the grains from destruction, and also promotes the formation of aggregates
with hemicellulose and glycons. Properties such as solubility, swelling, absorption
and adsorption directly depend on the specific surface area of the starch particles [2].
The rate of water adsorption increases with decreasing starch particle size and
depends on the initial water content in the starch [4].

Starchy grains are heterogeneous, in addition to polysaccharides, they contain
water (10 + 20%) and in very small amounts (a total of 0.5-2%) cellulose,
phosphates, silica, fatty acids, lipids and protein residues. And the researchers report
a high dependence of the content of these components on agronomical measures
[1,5]. It was noted that with the increase in the amount of fertilizers applied, the ash,
phosphorus, potassium and magnesium content tend to decrease, and the calcium
content to growth [2]. In general, the stable characteristics of starch gels are a sign
of heredity associated with climate [6]. The content of cations bound by phosphates
Is determined by atomic absorption spectrometry [1, 7]. The results of analysis of
different types of potato starch showed that the content of cations in 100 g of sample
varies within the limits of: P 28-90; K 19-58; Mg 6-16 and Ca 0.9-3.6 mg. For more



accurate determination of cation content, it is preferable to extract them from starch
instead of ashing [7].

Polysaccharides of starch consist of the residues of D-glucose in its a-D-
glycopyranose form and differ in the degree of polymerization and the nature of the
bonds of a-D-glycopyranose units. Proceeding from this, polysaccharides can be
divided into two main fractions: amylose and amylopectin.

Amylose molecules are linear or very slightly branched chains consisting of
200 + 1000 D-glucose residues, which are linked together by a-1,4-glucosidic bonds,
at the branching sites, glucose residues in amylose form a-1,6 bonds. Amylose also
contains a small amount of B-1,2-, 3-1,3- and 3-1,4-glucosidic bonds. According to
the type of structure, amylose is similar to fiber, differing from the latter by the
presence of a-bonds (in the cellulose glycopyranose residues form -bonds) and the
spatial configuration of macromolecules [8]. Using NMR13C spectroscopy and
wide-angle X-ray diffraction [9, 10], the spiral structure of amylose macromolecules
in aqueous solution was proved. One turn of the spiral consists, as a rule, of 6-8
glucose residues. High-molecular amylose forms an impaired, i.e. intermittent, or
deformed helix. At these stressed points, the glycoside compounds can rotate so that
the molecule twists. Thus, amylose, which consists of separate spiral segments,
behaves like a statistical coil like many linear polymers. Due to the spiral
conformation of the macromolecules, amylose forms stable crystalline complexes
with alcohols, fatty acids, phenols, nitroparaffins and pyridine [11, 12].

The molecular weight of polysaccharides of the amylose fraction, determined
by ultracentrifugation [13], is 200 + 250 thousand for corn starch and 1,000 thousand
for potato starch. Amylopectin macromolecules are highly branched, they contain
from 600 to 6000 residues of D-glucose, linked together by a-1,4-glucosidic bonds,
and at the branching sites a -1,6-bonds. In the amylopectin, a small number of 1,3-
bonds was also found [8]. There are two types of side chains: L - chains, consisting
of approximately 45 elementary units and 8 chains, consisting of 15-20 elementary
units. An estimate of the ratio of the side chains showed [14] that the average value
of this ratio is 1.69. The molecular weight of amylopectin reaches (50 + 500) x10



[13]. Side chains of amylopectin, separated by the enzymatic method [15] by mass
fraction were 64% for potato starch and 62.7% for corn, the length of the cleaved
side chains was 12 elementary units and the spacing between these chains of 7
elementary links.

It is assumed that the conformation of amylopectin macromolecules is
intermediate between linear and globular, it is attributed to the compactness

characteristic of a branched polymer [16].

The origin of the starch content
amylose, % amylopectin, %
potato (24 sorts) 19-24 76-81
the sweet potato (22 kinds) 17,5-21,7 79-82
corn (39 sorts) 22,2-28,3 ~73
rice (19 sorts) 12,9-25,5 ~78
oats 25,0 ~75
wheat 25-26 ~74,5
barley 16,7 ~83
tapioca 17 83

The ratio of amylose and amylopectin in the starch of different plants is
different and is an important characteristic that determines the properties of starch
in both grains and solutions. In addition, within the limits of one type of starch,
noticeable oscillations of this ratio are observed [10].

On average, the starch contains 25% amylose and 75% amylopectin. By
sorting, maize varieties are obtained, the starch of which contains 55-82% amylose.
The waxy corn starch contains over 93% amylopectin.

Electron microscopy is used to study the internal structure of starch grains.
First of all, it was established that there is no homogeneity in the grain structure. On
the corners of the grains particles with a size of 4-10 nm were fixed [17]. Most

authors conclude that the main organizational part of the structure of grains of starch



is the radial fibrillar bundles of linear macromolecules [18-20]. Such a structure is
concentrated in the middle of the annular sections of the grain. Fibrils diverge from
the center outwards and cross the ring without an obvious rupture. The average
thickness of the linear fibril is 0.1 um [19]. It is shown that the tangential layering
of grains is associated with periodic growth of grains [20]. Studies [21] have shown
that in the core zone of the starch grain, mainly amylose is concentrated. Moreover,
during the gelatinization [19] of the oxidative treatment, amylose is extracted from
the grain for small grains of starch, the average volume of successive external layers
of amylopectin corresponds to the volume of the core. X-ray scattering and
birefringence fix the radial distribution of the layers by alternating blocks [22].
Taking into account the density, the degree of polymerization of the block was
determined, it was (4 + 6) x 105 [21]. It was suggested that a single block is a
molecule of amylopectin. Along with the tangential orientation periods, the
periodicity of the radial layers ~ 54 A was observed.

On the contrary, the authors of [23] did not observe concentric layers of starch
in the analysis of electron microscopic images of the sections of starch grains, and
there are also tangentially located layered regions. The authors concluded that the
main organizational part of the structure of starch grains is radially located
polysaccharide molecules and (or) radial fibrillar beams of these molecules.

The authors of [24] believe that the semi-microscopic radial structure of starch
grains is more correctly characterized as a "folded micellar", rather than "micro
fibrillar". The lamellar tangential structure of starch grains, in their opinion, is due
to the alternation of high and low molecular fractions of amylose and amylopectin.

By analogy with cellulose, the authors of [25] believe that the starch micro
fibril contains 7 elementary fibrils, but less lipid binders. This leads to the formation
of empty capillaries, the presence of which explains the pronounced adsorption of
water as a function of the change in air humidity. The proposed model is in good
agreement with X-ray diffraction analysis, swelling, density measurement, and

hydrolysis.



Starch granules have a microcrystalline structure and give two main types of
radiograms: a type characteristic of starch of cereals, and a type "B" characteristic
of tubers. Intermediate types are of type "C". The crystallinity of a large number of
starch species was determined by X-ray diffraction analysis [26]. The degree of
crystallinity averaged 14-19%. It was noted that in the crystalline region of cereal
starches the structure of the "B" type was 10%, the rest was in the "A" type.
Comparing the results of X-ray diffraction and electron transmission microscopy,
the researchers [27] concluded that the alternating X-ray patterns reflecting the
presence of amorphous and crystalline regions in the starch grains correspond to the
"graininess™ of the grain, recorded by electron transmission microscopy.

Starch, amylose and amylopectin insoluble in cold water. When heated in
water, the starch grains are destroyed to form a gel (paste). Gelation of starch is a
complex process, going in three main stages. First, the starch grains reversibly swell,
attaching a small amount of water. When the temperature rises, a large amount of
water is added, accompanied by a strong swelling of the grains with an increase in
their volume by a factor of hundreds and an increase in the viscosity of the solution;
this stage is irreversible. Swelling of starch occurs due to the breakdown of hydrogen
bonds and hydration of macromolecules of polysaccharides. In the last step, the
soluble polysaccharides are extracted with water, the grains lose shape, turning into
pouches suspended in solution. This structure of the starch gel is the primary
structure [28].

The authors of [29] using spin-spin relaxation time of protons of water
molecules and biopolymer explain the mechanism of gelation through the formation
of clusters of multinuclear complex compounds. At the first stage, clusters are
formed, whose lifetimes are much shorter than the relaxation time of water
molecules. In the second stage, stable clusters are formed, consisting of amylose
macromolecules, whose lifetime is comparable or greater than the relaxation time of
water. At the final stage, the clusters are combined into a single gel network.

Interesting and controversial is the question of the crystal structure of starch

gels. A study of the effect on the spin-spin relaxation time of the system temperature



and concentration [30] made it possible to detect a drop in this index during the
initial heating period, which is especially noticeable at low concentrations. The
results are interpreted by the authors as follows: the gelling process is similar to
melting and represents the transition of partially crystallized starch to an amorphous
state. As a result of the gelling process, there is an increase in the hydration and
mobility of chains of macromolecules. In a later work, by methods of X-ray
diffraction at large and small angles, the researchers [31] discovered disk-like
regions with an increased electron density, which have the crystalline structure of
the amylose B-form, in the gels of destructive starch. The degree of crystallinity of
the gels was 16%. The authors believe that the sol-fractions of the molecule are
hydrated, the double helices are formed during the dehydration of long segments of
branched and linear molecules. Above the critical concentration, the double helices
aggregate, forming crystalline nuclei, which grow into disk-like regions.

The combination of differential thermal analysis (DTA) and thermo
gravimetric analysis (TGA) [32] established the endotherm city of the gelling
process, which is attributed to the energy required to break the structure of the starch
grains. The value of this energy is higher than the energy released by increasing the
hydration of starch.

The diffusion of water in gels was studied by the method of nuclear magnetic
resonance with a pulsating gradient field [33]. It was found that in gels all water
molecules show the same differential properties as in pure water. The activation
energy of the water molecule in the gel remains the same as for pure water. The self-
diffusion coefficient is proportional to the square of the water content in the gel.
Granules of swollen grains collapse is small, thus, are not a noticeable obstacle to
the diffusion of water.

Investigation of structuring in model polysaccharide systems [34] allowed to
draw a conclusion linking gelling with cooperative interactions between aggregated
amyloses and linear segments of branched amylopectin. It is amylopectin that
promotes amylose aggregation. Moreover, it acts as a precipitator, amylopectin is

absent in the phase-depleted phase in the polymer-depleted phase, and in starch gels



it participates as a filler of polymer-rich phase in the formation of a three-
dimensional polymeric network [35]. The researchers established [36] that the
intrinsic viscosity is determined by the structure-the ratio of the branched and
unbranched portions, of the long and short chains, and not of their molecular weight.

From the above, it can be seen that starch is an extremely complex system.
The composition and structure of such a system ultimately determines the properties

of materials based on starch.

1.2. Theoretically, the fundamentals and practical aspects of obtaining
starch modified by oxidation

Starch products have been widely used in various industries, for example,
textile, food, paper, oil. This is due to the relative cheapness of starches, the
reliability of raw materials and almost complete biodegradability. In the textile
industry, starch and its derivatives continue to occupy a leading place in the scope
of application as thickening and sizing preparations. According to the Swiss
company "Beningen Corporation” for 1997, 75% of the world's production of sizing
and thickening preparations is accounted for by starch and its derivatives [37]. At
the same time, Western producers offer a wide range of modified starches: solvitose
(Netherlands), solvitexes, CE imprints (Em-St, Germany), etc. In the USA, for
example in industry, more than 700 thousand tons are annually used, and in Japan -
about 200 thousand tons. modified starches.

In Russia, the development of modified starches was first organized by
VNIIK, and currently only 10 of them are produced for different industries in the
amount of 40,500 tones. per year, although the demand for them is about 150
thousand tons. per year [38].

Modification of natural starch can be carried out by chemical, physical,
mechanical methods, and also by a combination of these methods [39]. Chemical

modification should be understood only as processes that lead to chemical changes



in macromolecules of starch. The chemical methods for the modification of natural
starch include: oxidation, phosphating, recrystallization, crosslinking of
macromolecules, inoculation of synthetic polymers, esterification.

The most known and widely used in the industry type of chemical
modification of starch is oxidation [40, 41]. The purpose of the oxidation reaction is
the partial oxidation of the hydroxyl groups that are present in the starch, various
properties can be given to the starch to the carbonyl and carboxyl groups: increased
solubility, good adhesion and skin-forming properties. The use of oxidized starch as
a thickening agent in the textile industry makes it possible to increase the degree of
fixation of active dyes to tissues. As a rule, the oxidation of starch results in a
suspension, and the process is carried out at low temperatures (t = 20-30 °C) to avoid
strong oxidative degradation of the starch macromolecules. During the oxidation of
starch, a concentrated solution of the oxidant is introduced in several portions. This
is done in order to avoid local concentrations of the oxidant, which can lead to
excessive oxidation of starch on its surface and slowing down the diffusion to the
interior of the grain. To carry out the oxidation reaction of starch, the following
oxidizing agents are used: potassium permanganate (KMnQO,), hydrogen peroxide
(H20,), ammonium persulfate ((NH4).S.0s), sodium hypochlorite (NaClO).

In the Russian industry, the technology of gelling potato starch, obtained by
oxidizing starch with potassium permanganate, has been mastered for a relatively
long time [42-44]. A solution of permanganate is introduced into the acidified starch-
starting suspension. It is assumed that the oxidation of the starch grain starts from
its surface, and then, due to the porosity of the starch grain, the oxidant diffuses into
it. Thus, oxidizing starch, permanganate is reduced to Mn?*. Starch, oxidized with
potassium permanganate, is used in very large quantities in the production of ice
cream.

Researchers [45, 46] have suggested using hydrogen peroxide to oxidize
starch, when preparing clots based on it. Sodium carbonate was used as the catalyst.
When sodium carbonate is used as the peroxide oxidation catalyst, decomposition

of hydrogen peroxide and the release of oxygen occur, which oxidizes the hydroxyl



groups of the starch to the carboxyl groups. It is shown that the use of these reagents
in the oxidation of starch increases the stability of the clotting during storage,
contributes to an increase in the degree of fixation of the dye on the fabric and the
stability of the color to physical and mechanical effects. To increase the efficiency
of starch oxidation with hydrogen peroxide, it was proposed in [47] to use metal
salts (Fe?*, Cu?*, Co?"). The use of metal salts as a catalyst for peroxidation made it
possible to increase the fluidity of the oxidized starch paste, in comparison with
unmodified starch. Starch, oxidized by hydrogen peroxide, has found wide
application in the textile industry as sizing and thickening preparations, and also in
the paper industry for sizing paper [43].

In [48], for the mild oxidation of starch, it was proposed to use the hydrogen
peroxide derivative, ammonium persulfate, as an oxidizer. The advantage of this
oxidant is that, in the presence of various additives, it is possible to create mild
conditions for the oxidation of starch without breaking the macromolecules.
Ammonium persulfate has a higher redox potential than hydrogen peroxide. The
scheme for the reaction of starch oxidation with ammonium persulfate in the
presence of a catalyst (Fe?*, Co?*, WO,%, Mn?*, Cr,0-%) can be represented as:

S,08% — 2S04
Mn+ + 250, — M™! + SO,*
M"™! + starch — M™ + modified starch

Oxidized starch is white. The viscosity values of the oxidized starch samples
obtained are higher than that of native starch, but lower than that of unmodified
starch. The influence of ultraviolet irradiation during the reaction of starch oxidation
with ammonium persulfate has an insignificant effect on the change in the degree of
oxidation. Starch, oxidized with ammonium persulfate, is used as a thickening agent
when printed with active dyes.

The most commonly used oxidizer in the industry for the oxidation of starch
Is sodium hypochlorite. For the oxidation of starch with hypochlorite, a suspension
of starch grains is treated with a solution of alkaline hypochlorite. After completion

of the reaction, the suspension is neutralized with an acid. The properties of oxidized



starch are related to the degree and type of treatment, and are also determined by the
reaction conditions. The reaction parameters include temperature, pH, starch
concentration, hypochlorite, the presence of organic and inorganic impurities
[49.50]. Oxidized hypochlorite starch, supplied to the consumer, has the form of
grains. The most characteristic feature of this starch is its whiteness.

In a number of studies [51-53], the dependence of the properties of oxidized
starches on the surface structure of starch grain was investigated. During oxidation,
part of the anhydroglycose units of starch is carboxylate, and some hydrolyses.
Oxidation affects the surface structure of starch only at an active chlorine
concentration of ~6%. As the degree of oxidation increases, the solubility of
oxidized starch decreases. Oxidized with hypochlorite, starch gelatinizes much
faster and at lower temperatures, and the viscosity of the paste increases more slowly
than in unmodified starches [54].

A number of authors [53, 54] found that with an increase in the concentration
of active chlorine, its consumption in the reaction and the concentration of carboxyl
groups in the starch increased. The rheological properties of the oxidized starch
glues are studied using a rotational viscometer at a shear rate of 1562-702.3 s-1.
Clusters before and after oxidation of starch showed non-Newtonian thixotropic
properties. In industry, starch, oxidized by hypochlorite, is used for the pigment
coating of paper and as an adhesive in the paper industry, as well as in the textile
industry for the preparation of sizing preparations for sizing various yarns of
artificial silk, synthetic fibers and mixtures thereof [55].

1.3. The use of modified starches and their compositions

The most common among the modified starches used as thickeners are the
starches obtained from the esterification reaction. These starches are characterized
by improved solubility, increased stability of their aqueous solutions and facilitated
their wash ability from tissue [56].

Carboxymethyl and hydroxyethyl esters of starch are used which not only
rapidly dissolve in water and are resistant to acidic medium, but also penetrate into

the tissue, are well washed off from it, provide a high degree of fixation of dyes on



the fiber. Based on carboxymethyl ether, starch is produced under the brand of
solvitose C5, and on the basis of hydroxyethyl ether - solvitose H4M. In starch
ethers, printing and technical properties are better than esters, and therefore they are
used mainly for printing inks [57, 58].

Solvitose C5 is used for printing fabrics from natural and chemical fibers with
dispersed and dye dyes. It forms highly viscous thickeners and is used in the form
of 5-10% solutions. The disadvantage is the interaction with salts of 3 valence
metals, passing with the formation of precipitation [58].

In [59], starch acetate, CMC, and oxidized guaran were studied as thickeners.
It has been found that when using starch acetate thickeners when printing with active
dyes, the degree of fixation of the active dye is not inferior when using thickeners
based on alginate. Especially bright color is obtained when using starch acetate.

Currently, there is a large number of different brands of solvitose with a
targeted modification, for example, Kviksolan RES, used in recipes for printing
velvet, corduroy velvet fabrics. It provides easy flushing and low weight gain.
Solvitose R5 - thickener for printing with active and disperse dyes in cotton and
blended fabrics [60].

The thickened monogum N and W are readily soluble in water with the
formation of alkaline solutions (pH = 10). They are resistant to electrolytes and are
unstable to salts of polyvalent metals. The monogum W is used alone, as well as in
combination with other thickeners and when printing fabrics with cubes (for one-
stage and two-stage printing), cubosolic, phthalocyanine dyes and diazo compounds
[61].

The thickeners of the prints S and R are readily soluble in cold water and have
an anionic character. Printex S is designed specifically for printing fabrics from
synthetic fibers, especially polyacrylonitrile. Printex R - is intended for printing
fabrics containing cellulose fibers.

The thickener colloprint SM, produced by the company "Avebe" (the
Netherlands), easily soluble in water has a high yield of the dye and is successfully

used for printing with cubes and cubesolts, as well as for standby printing [62]



The company "SNT" on the basis of starch produces thickeners for general use: it is
inherent in T, it has ST, high viscosity and neutral thickener is inherent in AB,
intended especially for printing silk and woolen fabrics from synthetic fibers [63].
Almost all thickeners based on starch esters have slightly alkaline properties, so they
are resistant to bacteria.

From the products of starch degradation, the following are used as thickeners:
dextrin’s, British hums, diatheses [64]. Unlike conventional starches, they are more
ductile and fluid enough, which are less sensitive to the presence of acids and salts,
metals.

However, in pure form, a dextrin thickening is used extremely rarely due to
high adhesion and hygroscopic agent. As a rule, a mixture with starch and tragic
thickeners is used. As a thickener, 30-50% solutions of dextrin and British gums or
diatex are used, both alone and in mixture with other thickeners when printing
fabrics with vat dyes [61].

It was suggested in [65-67] to use modified starch for printing with vat, active
and azo dyes. Modified starch was obtained by thermal treatment (t = 160-170 °C)
of a mixture of corn starch with orthophosphate or sodium three polyphosphate and
urea. The resulting phosphate starch was tested in laboratory and production
conditions when printing with various classes of dyes. However, this thickener is of
greatest interest for vat and azo dyes. The disadvantage of this thickener is its
sensitivity to microbiological degradation.

Thickeners of solvitose A8, solvitose R5 and monogum N are obtained on the
basis of carboxymethyl starch. Their production is connected with a complex
chemical synthesis. As for the quality of printing, these products do not exceed such
a classic thickener for active dyes, like sodium alginate, but they are not inferior to
it. All these thickeners are imported and therefore quite expensive and scarce.
Several enterprises already use thickeners, not only on the basis of starch derivatives,
but also on the basis of compositions with water-soluble polymers. It was shown in
Ref. [68] that when using thickeners based on polyacrylamide, saponified

polyacrylamide, starch with grafted polyacrylamide and carboxymethyl starch



(CMC) when printing with active dyes, the printing results are the same as for
thickeners based on alginate. It was found that with the use of the listed thickeners,
the purity and brightness of the printed patterns obtained are close to the results of
printing the thickeners based on starch with grafted polyacrylamide, but it turned out
to be tougher than using polyacrylamide and saponified polyacrylamide.
In work [69], it was established that polymer compositions based on rice starch and
phosphorus-containing oligomer, possible purposeful use of them both in the sizing
process and as a thickener when finishing cotton fabrics with active and cold dyes.
The introduction of starch and a phosphorus-containing water-soluble oligomer
based on poly phosphoric acid and a, g-dichlorohydrin glycerol into the composition
completely eliminated the alginate from the recipe.

In [70], a composition based on hydrolyzed acres of emulsion and starch was
adopted as a thickener.

The polymer composition containing starch, hydrolyzed acrylic emulsion,
HYPAN and PAA is characterized by higher values of the degree of thixotropic
reduction of bonds that were destroyed by mechanical action as a result of random

successful collisions of particles in Brownian motion, and the system is more stable.

CONCLUSION

From the foregoing, it can be concluded that the thickeners used based on
starch or its derivatives do not provide complete information about them. In this
aspect an important role is played by the notion of the essence of the modification
process, especially with oxidants, because of the poor knowledge and application of
oxidized starch derivatives or compositions based on them as a thickener for printing

with various classes of dyes.



CHAPTER Il. METHODICAL PART

2.1. Characteristics of the objects of study

Technical rice starch - white powder. Mass fraction of the main substance up
to 85% gluten content 5-6% moisture mass fraction 6-7%, in the cellulose and sols
up to 4%
2.2. Characteristics of used chemical materials

The work used substances whose purity was controlled by boiling and melting
points, refractive indices, and also by the spectral method [71,72].

Technical sodium hydroxide - (GOST 2263-71) - scaly mass (in solid form),
grade TR; Tiiq. = 322K, Thoir. = 1385K; 1s dissolved in water, ethanol, methanol.

Unifloc - water-soluble polymer preparation according to (TU Uz 6.1-43-95)
is a powder of yellow, cream and pink color. The mass fraction of water in it is not
more than 10%, the undissolved product is not more than 5%. Unifloc acts as a weak
alkali. Its aqueous solutions help to reduce water loss and stabilize clay solutions, to
precipitate suspended particles in sedimentation tanks and water storage facilities,
to filter and deposit various pulps.

HYPAN is a liquid, slightly yellow in color, the mass fraction in the
commercial product is 80%, TU Uz 61-29-94 rev. Ne 1.

2.3 Mechanical treatment of water-polymer system in the process for
producing modified starch compositions
Composite modification of starch was carried out with the treatment of starch
with an oxidizer on its base with a unifloc and HYPAN thermostat, in which the
treated mixture was subjected to mechanical action until a homogeneous mixture
was obtained at a temperature range of 50-60 ° C of the gelatinization temperature
of the oxidized modification of starch. The process is carried out at different ratios

and at different temperatures.



2.4. Method of skin formation

Skins were obtained from polymer solutions by evaporation of a solvent [73].
The polymer solution was poured into a flat cuvette measuring 30 * 22 * 0.5 cm,
made of polished silicate glass with surface purity of 7.

In determining the optimum concentration of skin-forming solutions, their
viscosity, filterability and the ability to spread over the cell surface were taken into
account. It has been experimentally established that 5-10% solutions of the selected
polymers in water are most suitable, which were used for the preparation of skins.
The influence of the temperature conditions for the preparation of skins was studied
using the example of modified starch at the initial evaporation temperatures of
solvent 298 and 318 K. Evaporation results showed that their mechanical
characteristics do not differ within the experimental error.

The solutions, pre-filtered under pressure through a glass filter of Schott No.
2, were poured into a thoroughly cleaned cuvette, set horizontally on a glass table.
The amount of solution was such that the thickness of the finished skin was 60-100
um. The cuvette with the solution was placed in an air thermostat, in which freshly-
chalked calcium chloride was used to purify the air. Before evaporation of the
solvent, the cuvette with the solution was covered with clear glass and left for 4-5
hours to uniformly spread the solution over the surface of the cuvette. After that, the
glass was raised, leaving a gap, different solutions were selected depending on the
boiling point of the solvent. It was the smaller the lower the boiling point of the
solvent and the more homogeneous skins were obtained.

The solvent was evaporated at a temperature of 298 K to a content of 15-20%
in the skin for two days. The resulting skin was then taken out of the cuvette and cut
into slabs of 4.5 * 0.6 cm in size to allow evaporation of the solvent. Further drying
was carried out in a vacuum cabinet at a residual pressure of 102 mm Hg. column
and a stepwise increase in temperature from 298 to 373K. At each temperature step,
the skin was held to constant weight. At all the drying stages, the amount of
remaining solvent in the skin was controlled by the loss of weight of the control

solution prepared in a bag with an exact sample of the polymer.



2.5. Methods for determining the rheological properties of compositions

Method for determination of viscosity

The viscosity of the polymer compositions was determined according to the
procedure described in the literature on the "Rheotest-2" device [74]. The research
was carried out in the laboratory of JV "Textile Spectrum Color". The measuring
device of the device is a system of two cylinders:

a) a movably loaded cylinder;

b) a rotating cylinder.

The inner cylinder is a measuring cylinder. The driving mechanism of the
cylinder measuring device is 12 speeds. In the measurement, the analyze is located
in the annular gap between the inner and outer cylinder. The rotating inner cylinder
Is connected through a measuring shaft with a helical spring, the deviation of which
is proportional to the rotational torque acting on the inner cylinder. The tangential

stress arising in a viscous system is determined by the formula:

M
2nr

T = 2

M - the torque of the link of the spring;
R - is the radius of the inner cylinder, mm;

Gradient of shear rate:

w-r?

" R?_r?

4
o - 1S the angular velocity of the inner cylinder, rad;
R -is the radius of the outer cylinder, mm;
r - is the radius of the inner cylinder, mm.
The values of gradients of shear rates are given for each rotational speed of
the measuring cylinder. Knowing T and 7, we can calculate the viscosity nin Pa - s

for all velocities of the measuring cylinder.

T
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Method for determining the degree of thixotropic reduction

The degree of thixotropic reduction was calculated by the formula:

2
p= = Mosp .100, %
277)7]7;1)1

Nstra. — BSIBKOCTDH 3aT'yYCTKU IIPU YBEIUYCHUHN HATrPy3KHU,
Nrev. — BA3KOCTD 3aryCTKH IIPU ITOCTCIICHHOM CHATHHU HArpy3KH.
2.6.Physico-chemical methods of studies of fogging systems

Determination of physical and mechanical properties of skins of polymer

systems.

The aim of the paper is to determine the strength and relative elongation of
skins at different tensile speeds. The work is carried out on a machine for testing
textile materials RT-250M-2 in the CCL JV "'Textile Spectrum Color™ [75]. The
machine is a device for stretching fibers and skins with a visual reading of tensile

forces and elongations.

To do this, six parallel samples are selected from each skin in the form of a
double-sided spatula with a working section 25 mm long, 10 mm wide with a total
length of 75 mm. In the samples, the working section is marked, the length and width
of the sample are measured. Before testing, the samples are kept in a desiccator with
a relative humidity of 65% for 24 hours. After that, the samples are tested on a tensile

machine at speeds of 30, 60 and 240 mm / min.

Methods of microscopic research
Optical microscopy

The Nikon microscope is designed to produce an enlarged image of textile

fibers, yarns, yarns and other textile materials.

Preparations for direct microscopic observations were prepared according to

a known method [76]. Microscopy prepares drugs to examine the appearance of the



fibers in order to study the smallest details of their structure in the longitudinal
direction, to examine the cross sections of fibers and filaments in order to study the
smallest details of their structure in the transverse direction, to measure the cross-
sectional area of the fibers. For this purpose, a method of preparing a cross-sectional
preparation using a hand microtome LS-113 is used. The investigated object is
treated with glycerin or xylene to obtain a solid mass and is clamped into the
microtome clamp so that the upper part of the object protrudes slightly above the
clamp. The upper part of the object protruding above the clip is manually cut by the
razor of the microtome level with the clamping plane. The resulting preparation is
placed between two slides and studied under a microscope. On the lenses and
eyepieces there are figures that indicate the degree of increase of the object under
consideration; the product of the integers of the objective and the eyepiece gives a

general increase.
Investigation by IR spectroscopy

Infrared spectroscopy studies were performed using a MAGNA-IR 560
spectrometer [77].



CHAPTER II11. DISCUSSION OF THE RESULTS OF THE
EXPERIMENTS

3.1. Selecting a component for creating thickening compositions

For the implementation of profound structural transformations, the
development of the industries of our Republic, the overcoming of the one-sided raw
material orientation acquires decisive importance. In this regard, profound changes
quickly entered into our science. The current stage in the development of chemistry
and technology of composite materials is of great importance for a fundamental shift
in the national economy, and especially in the textile and light industry in the process

of finishing cotton fabrics.

Proceeding from this constantly growing requirements for the quality of
textile materials necessitate the search for new polymer compositions that are
promising for use as efficient textile auxiliaries and dyes. At the same time, one has
to take into account the main factor, which is that new compounds and preparations
based on them should be more efficient than existing ones at lower consumption
rates, their production should be safe and affordable, and the waste products of
finishing industries with their application should be environmentally friendly.
Thickening materials play an auxiliary role in textile production, nevertheless, their
cost and quality significantly affect the economic performance of finishing
production, and improving its technological properties creates the prerequisites for
reducing the cost of printing by increasing the degree of useful use of the dye. Many
textile enterprises with active dyes no longer use native starch, and expensive
imported thickeners are used, which significantly affects the price of the product and
causes the connectedness of production, with their delivery spending not only a lot
of time, but also the foreign exchange reserves of the state.

At present, acrylates of various structures, as well as derivatives of cellulose
and, to a lesser extent, starch derivatives, dominate the binders and thickeners
abroad. In this case, binders and thickeners should have a high adhesion to the

fibrous material, and also produce homogeneous solutions, which is especially



important when printing with mesh patterns. No less difficult task is to identify the
optimal structure of polymers having a high thickening power. In this case, the
thickener should be rheological and thixotropic properties close to traditional
alginate thickeners.

Starch is by no means an ideal thickener, since the thickener based on it is
unstable when stored and has a low elasticity. Blanks based on starch are sensitive
to the action of acids, alkalis and metal salts, poorly penetrate into the thickness of
the fiber and difficult to wash off the fabric after printing. They give a poorly drying,
rigid, non-plastic and water-insoluble skin, which makes it difficult to wash the
fabric after printing and can lead to the formation of "layers" on the fabric during
washing. In addition, the remaining after rinsing of the thickener imparts to the fabric
stiffness and surface fixation of the dye, which reduces the resistance of the stains
to friction [78].

The wide use of starch and its derivatives in the textile industry, in particular
as thickening materials during printing, makes it urgent to search for new routes for
its chemical, physical and combined modification.

Since no single polymer can be used as a perfect thickener, it is possible to
create light-weight (technological) coatings for textile materials on the basis of
polymer compositions. Therefore, a very urgent task is to develop the composition
and formulation of effective compositions based on local polymeric raw materials
of both natural and synthetic origin, suitable as a thickener in the process of finishing
cotton fabrics.

One way to solve the above problems is to obtain starch preparations with
valuable properties, converting it from a compound containing one type of
functional groups to a compound containing different types of functional groups. In
this regard, of great interest is the bunches prepared by chemical oxidation of starch
with sodium chlorate. In this process, the viscosity of the starch decreases. To
increase the viscosity and plasticity, synthetic water-soluble polymers are added as

rheological modifiers.



The choice of rheological modifier is determined by the formulation of the
water-dispersion system, its purpose and application conditions [79]. The obtaining
of new rheological modifiers with a set of necessary properties is possible in two
ways: 1) the synthesis of new polymer materials and the development on their basis
of new effective preparations for finishing production, as well as efficient
technologies; 2) development of effective multicomponent polymeric systems based
on large-capacity polymers or their analogs, for the production of which no
significant changes in the available technologies and equipment are required.

The choice of a rheological modifier is determined by the formulation of the
water-dispersion system, its purpose and application conditions. Wide use of
cellulose thickeners is provided by their good rheological properties, sedimentation
resistance. By varying the degree of molecular substitution, the molar mass of the
cellulosic polymer, controlling uniformity in substitution, it is possible to achieve
complete and rapid solubility of the cellulose ether in both hot and cold water, as
well as very high bio stability. The action of cellulosic thickeners is particularly
effective in alkaline or near neutral environments, although solutions of many
cellulosic (nonionic) polymers undergo very slight changes in viscosity in the pH
range of 2-12. It should also be noted that solutions of cellulose thickeners are fairly
stable in the presence of inorganic electrolytes of high concentration. Of cellulose
thickeners, methylcellulose, hydroxyethyl cellulose and the sodium salt of carboxyl
methyl cellulose (CMC) are most often used. But for the production of CMC or other
listed cellulose derivatives we are dependent on chemical reagents. In this
connection, it seems interesting to investigate the possibility of using as water-
soluble synthetic polymeric preparations Unifloc and HYPAN as a modifier.

It is assumed that by creating compositions of synthesized oxy starch with
synthetic water-soluble polymers, it is possible to obtain sufficiently plastic
thickeners with the required viscosity. As a synthetic rheological modifier, a
polymeric substance of the acrylate type, unifloc, was produced in our republic at
OJSC "Navoiazot". The choice of this highly alkaline component and its use as a

synthetic rheological modifier is due to its environment that meets the requirements



for use with active dyes and also very well solubility in water forming a highly
structured gel fluctuation grid having hydrophilic groups in their composition that
form hydrogen bonds like chemically oxidized starch, and water-soluble poly-

acrylates.

3.2. STUDY OF OXIDIZED STARCH AND COMPOSITIONS BASED
ON ITS METHOD OF IR SPECTROSCOPY

Starches also carbohydrates (polysaccharides) with the general formula
(CeéH100s) and their spectra have similarities basically similar to the spectra of
cellulose [80]. When studying the spectrum of modified starch, the spectra of native
rice starch, obtained from rice husk, were first removed. In the spectra of starch (Pic.
1a), one broad band is observed at 3500-3200 cm™, which is characteristic of
stretching vibrations of hydroxyl groups of polymers. In the interval
1200-1300 cm* there are folded bands related to the stretching vibrations of the ether
and hydroxyl group C-O; there are also bands in the region of 930 cm characteristic
for a. -1,4 polysaccharides (starch).

The bands in the region of 3644 cm™ and 2939 cm™ are due respectively to
stretching vibrations of the OH and CH; group, and the band 1673 cm™ is likely to
be related to the deformation vibrations of the crystallization water. Absorption in
the region of 1472-1200 cm™ can be attributed to the scissors and external
deformation vibrations of CH,, and also due to plane oscillations of hydroxyl groups.
In the range 1000-1200 cm?, the frequencies of C-C and C-O bonds of ring
structures and deformation vibrations of the CH; groups lie. The bands 760, 851 and
940 cm* can be attributed to external deformation vibrations of CH, and CH groups

and to the pulse oscillations of pyranose rings [81].
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Pic.1. IR spectrum of natural rice starch

It is known from the literature that, in addition to the absorption bands
common for all starches in the indicated regions, spectral features were revealed in
the spectral range 840-860 cm™, depending on the origin of this starch. For rice
starch, which we are investigating, this region is equal to 860 cm™, which is 62.74%
(Pic. 1). But when starch is modified with oxidation with sodium chlorate, this region
is equal to 847 cm, the intensity of absorption decreases to 61.8%. A characteristic
peak appears in the 1690-1720 cm region, for the carboxyl group carbonyl (Pic. 2).

This is absent in the IR spectra of conventional starch.



Pic.2. IR spectra of modified rice starch oxidized with sodium chlorate

From the literature it is known that in the spectra of carbohydrates in the
region of 1300-1500 cm™, the frequencies of the deformation vibrations of the CH,
groups manifest themselves, and a band-specific band of bands is observed (in
decreasing order of intensity) [77]. In the spectrum of starch of rice husk this
absorption region in the region of 1428 cm™, in the spectrum of modified starch, this
region is observed at 1440 cm. But in compositions of modified starch with HIPAN
(Pic. 3), these spectra are mixed and the intensity of absorption increases in the
regions of 1415 and 1383 cm™. This is probably due, in particular, to interactions
between the CH; groups and the environment, which lead to a significant change in
the frequencies of the methylene groups, depending on the conformation of the
CH,OH groups.
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Pic.3. IR spectra of oxidized starch compositions with HYPAN

Also in the spectrum of Pic. of the region 1650-1640 cm, two peaks appear
that are associated with the amide groups. In the 1703 cm-1 region, a characteristic
peak appears for structures with a hydrogen bond between the carboxyl and amide
groups [82]. In the spectra of many sugars, a number of bands in the region 2600-
2800 cm™ are also observed. But in our case, the blurred character of these bands
does not give grounds for classifying them as overtones or composite frequencies.
Absorption in this region is characteristic for compounds with OH groups included
in a very strong hydrogen bond of chelate type. The absorption bands of stronger
hydrogen bonds are largely overlapped by the absorption bands of the CH, CH; and
CH3 groups located in the 2800-3000 cm™ region. In addition to increasing the
number of components, the spectra of this region decrease in intensity (Pic. 4).



Wl

Pic.4. IR spectra of oxidized starch, HYPAN and unifloc compositions

Comparison of the spectra (Pic. 1, Pic. 2) of the controls with the compositions
(Pic. 3, and Pic. 4) shows that the change in the spatial arrangement of even
individual hydroxyl groups or their replacement leads, as a rule, to a noticeable
change in the entire system of hydrogen ties. It should be noted that when the
alkaline medium increases, the characteristic peak in the region of 1710 cm™ proves
that hydrogen bonds between the carboxyl groups and the amide group are present
in the compositions.

It can be concluded that the spectrum of starch of rice husk is characterized
by the presence of an absorption band of 2988-2360 cm™. In modified starch, the
intensity of these peaks increases. Adding HYPAN and unifloc, the intensity of the
absorption of these bands again decreases. Probably, a weak hydrogen bond is

formed in the composition.



3.3. STUDY OF THE RHEOLOGICAL PROPERTIES OF WASHING
COMPOSITIONS ON THE BASIS OF OXIDIZED STARCH AND WATER-
RELATED POLYMERS

Tens of brands of modified starches are offered to textile enterprises as
thickening agents: solvitose (Netherlands), solvitexes, CE emprints ("EmSt",
Germany) imported from other countries at the expense of currency [83,84].
Thickening materials play an auxiliary role in textile production, nevertheless, their
cost and quality significantly affect the economic performance of finishing
production [85].

At domestic textile enterprises, because of the lack of their own assortment,
either expensive imported modified starches or a clot based on alginates are used
[86]. In addition, it is not only a great economic cost, but a lag in the technology of
obtaining effective thickeners based on our own raw materials for several years even
decades [87]. In connection with this, we have studied the possibility of their
complete or partial replacement by drugs on the basis of raw materials and products
of domestic production.

Of the new types of mixtures that can be used in printing, mention should be
made of polymer-composite thickeners based on natural and synthetic water-soluble
high-molecular compounds. Of these, the polymer compositions containing oxidized
starch (OK), with sodium chlorate, as well as water-soluble polymers such as
HIPAN (hydrolyzed polyacrylonitrile), poly acrylamide (PAA) and unifloc (UFC),
which are domestic products.

We have studied the changes in the viscosity of aqueous solutions of the
compositions. The results of the data obtained are presented in Table 1. As can be
seen, the concentrations of the components have a significant influence on the
viscosity of the polymer composition solution from the data obtained. The sharp
increase in the viscosity of the aqueous solution of the composition appears to be

due to the acceleration of the process of decomposition of the oxidized starch in the



presence of composition in the HYPAN composition on the one hand, and the other

side between the starch and the unifloc is the structure formation of the molecules
leading to an increase in the viscosity of the solution.

Table 1

The change in the viscosity of aqueous solutions of the oxidized starch

composition depending on the composition of the composition at various

temperatures
Consist of composition, % Viscosity of solution,
Pa.c
Oxidized starch Unifloc HYPAN | Temperature, K
298 313
6,0 - - 0,98 0,84
6,0 - - 1,05 1,02
7,0 - - 1,22 1,17
8,0 - - 1,29 1,23
0,55 0,06 1,47 1,39
5,0 0,60 0,08 1,59 1,51
0,65 0,1 1,68 1,62
0,70 0,12 1,81 1,73
0,55 0,06 1,77 1,67
0,60 0,08 1,89 1,83
6,0 0,65 0,1 2,03 1,94
0,70 0,12 2,15 2,07
0,55 0,06 1,94 1.86




7,0

0,60 0,08 2,10 2,03
0,65 0,1 2,26 2,18
0,70 0,12 2,43 2,35

Polymer compositions, when dried, can form strong and elastic skins. The
ability of the composition to skin formation is extremely necessary for thickening,
as a result of this, the formation of skin bonds between the fibers, which contribute

to a greater effect between the fibers, which in turn increases the endurance of the

yarn in processing.

The quality of the skins is characterized by physical and mechanical properties

that determine the physical and mechanical properties of the printed yarn, and

therefore should not be worse than yarn [88,89].

These values of the yield stress and the degree of thixotropic reduction of the

solutions of the compositions are shown in Table 2.

Table 2
Yield strength and degree of thixotropic reduction of compositions
Content of components in solutions Yield Degree of tick-
0S % | UFC.% | HYPAN.% PAA. % strength, solo recovery,%
g/cm?

- 0,06 - 62,55 87,43

- 0,08 - 48,84 89,88
6 i 0,1 i 37,18 90,21

- 0,12 - 33,27 92,48

0,55 - - 39,77 93,28




6 0,60 - - 30,43 94,34
0,65 - - 26,32 96,76
0,7 - - 17,55 96,62
0,55 - 0,1 27,34 79,85
0,60 - 0,1 23,37 83,74
6 0,65 - 0.1 17,70 85,24
0,7 - 0,1 13,73 87,51
0,55 0,06 - 42,55 96,27
0,60 0,08 - 33,17 97,71
6 0,65 0,1 - 27,44 97,07
0,7 0,12 - 19,47 98,33
i 0,06 0,1 23,32 87,53
i 0,08 0,1 16,55 90,68
6 i 0,1 0,1 12,33 91,37
i 0,12 0,1 5,77 93,29
0,55 0,06 0.1 19,43 96,27
0,60 0,08 0,1 11,88 97,72
6 0,65 0,1 0,1 10,77 97,07
0,7 0,12 0,1 2,11 98,33

It can be seen from the table that the yield stress with increasing content of
UFC and HYPAN increases especially markedly. The vyield strength of the
composition increases when the composition simultaneously includes oxidized

starch, HYPAN, PAA, and a rectilinear portion of the flow curve corresponding to
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of HYPAN. Thickeners based on: Thickeners based on:
1- OK - PAA - HYPAN; 1- OK - PAA - HYPAN;
2 - OK - UFC - HYPAN; 2 - OK - UFC - HYPAN;
3-0K-UFC-PAA - HYPAN 3-0K-UFC-PAA-HYPAN

As studies have shown, when studying the dependence of the yield point (Pnm)
of a water-soluble polymer composition, very positive results are obtained for a plug
based on a mixture of oxidized starch (OC), unifloc, HYPAN and PAA. These data
are presented in Figures 3 and 4. We see a smooth course and the absence of minima
on the curves of the dependence of Pm on the composition of the composition, which
indicates that the thickeners are compatible independently, both from their ratios in

the mixture (curve 1) and from additives and components of the printing ink (curve



2). The presence of good compatibility is also confirmed by the high stability of the
mixtures obtained.

The results of the studies further show that, according to the nature of the
rheological curves, a starch paste without HYPAN and unifloc can be referred to as
elastically brittle or elastically brittle solid systems to describe their structural and
mechanical properties that use characteristics such as elastic moduli and viscosity of
elastic effects.

From the curves of the flow of 6% starch pastes and the polymer composition
it follows that when the composition of the HYPAN and UFC is added to the
composition, the elastic viscous solid system of the 6% modified starch paste is

converted to an elastic-plastic system.

3.4. The process of formation of supramolecular structures in lightening

compositions based on oxidized starch and water-soluble poly acrylates

It is known that the color characteristics of cotton fabrics and products based
on them are of great importance. A decisive influence on the coloristic properties is
rendered not only by the dyes, but also to a great extent by the conditions for the
application of printing ink to the fabric and the processing of the fabric after printing,
and the thickeners used are of no less importance. The latter, in turn, depends on the
chemical nature and physico-chemical parameters of the thickener for printing [90].
At present, in the textile industry of our republic, thickening materials imported from
abroad are mainly used [91]. They sometimes have a fairly high cost, which
significantly affects the cost of production. Hence, scientific practical development
of highly effective thickening compositions based on local, available raw materials
is of no small importance.

As a result, complex scientific and applied research has been carried out to
prove the possibility of successfully solving this problem and creating compositions
as a thickener with given properties and structure. Such a composite is developed on

the basis of oxidized-modified starch (OMS) sodium chlorate, unifloc and



hydrolyzed polyacrylonitrile (HYPAN). The optimum composition of the
compositions was established, the most important properties of which meet the
existing production requirements [92]. The developed thickening composition of
OMS-UFC-HYPAN possesses good physicochemical parameters. By dissolving
this composition in water, skins were prepared in various embodiments and
proportions of constituent components. The physical and mechanical characteristics
of the skins obtained are presented in the table.
Table
Physic mechanical properties of a skin of polymer compositions

Clamping skin| Skin | Thick |Breakin| Strengt | Elon
Type of skin length at | width, | ness, | g load, | h of the | gati
break, mm mm mm kg/s skin on,
kgs/ %
mm?
OMS-UFC 50 50 | 0,269 | 18,9 2,0 31
OMS-HYPAN 50 50 |0,219 | 20,1 2,4 29
OMS-UFC- HYPAN 50 25 | 0,198 | 28,6 4,7 17

It can be seen from the data of the table that in the case of mechanical tests,
the skin of the OMS-UFC-HYPAN composite, despite the much smaller thickness
(and width) of the skins of OMS-UFC and OMS-HYPAN samples, shows rather
high strength values, by 1.5-2 times . The relatively high strength of the composite
skin is due to intermolecular interactions and the formation of chemical bonds
between the components. In other words, in the internal morphological structure,
there will be no large supramolecular formations characteristic of both natural
formations and synthetic polymers.

It should also be noted that under the conditions chosen by us, the preliminary
preparation of each component and the preparation of a thickening composite

material from them, favorable prerequisites are created that ensure intensive



interaction between the constituent components of the composite. Therefore, it is
quite possible to form a homogeneous microstructure of a thickening composition
capable of actively reacting, chemically bind to both cellulose chains and dye
molecules.

To verify the validity of the above conclusions, it seemed to us possible to
conduct thorough microscopic studies of all the samples studied. To this end, we
used a highly magnified optical microscope Nikon. Preparations for direct
microscopic observations were prepared according to a known method [76].
Microscopic studies were carried out with the following samples: - modified starch
(MS), i.e. Oxidized under certain conditions (as a control sample); - MS (6%) -
HYPAN (0.08%); - MS (6%) - HYPAN (0.08%) - PAA (0.1%); - MS (6%) -
HYPAN (0.08%) —PAA (0.1%) - Na,SiOs; (0.6%). Microscopic studies of the
structure of thin skins of these samples were carried out at 40x, 100x and 400x
magnifications. Picture 1-3 shows the main results of observations.
In Pic. 1 a, b shows microscopic images of a thin skin of the initial oxidized-modified
starch (OMS), respectively, 100 and 400 times magnifications. It can be seen that
for a pure starch sample a relatively homogeneous microstructure is characteristic.

By its fine structure, starch is an amorphous substance (polysaccharide).
Nevertheless, in the microstructure of its thin skin, especially at very high optical
magnifications, it is possible to see some associates - aggregates of micro globular
particles (Pic. 1b). When other components are incorporated into the starch, as

expected, its microstructure changes dramatically.

a)
Pic.1. Micrographs of MS: a - 100* magnified, b - 400* magnified.



Thus, in Fig. Figures 2a and b show micrographs of skins of the OMS sample
(6%) - UFC (0.08%) in the two above-mentioned direct optical magnifications. It is
easy to see that even with a small amount of UFC (0.08%) in the total mass, the
microstructure of the starch undergoes rather drastic changes. Throughout the mass,
longer, more precisely an isodiametric particles are observed, which are
supramolecular formations of UFC macromolecules. Their basis is composed of
those macromolecules of the polymer, which did not have time to interact with the
molecules of starch. In the same place, one should also point out the presence in the
microstructure of the skin of OMS-UFC regions where there are no an isodiametric

aggregates of UFC macromolecules (Pic. 2).

Pic.2. Micrographs of OMS - UFC: a - 100* magnified, b - 400* magnified.

Microscopic observations showed that with the appearance of the third
component in the mass (OMS-UFC-HYPAN systems), the shapes and sizes of super
molecular formations characteristic of UFC macromolecules strongly vary. From
Pic. 3 a, 6 it is easy to see the inhomogeneous microstructure of the composition. At
the same time, noticeable modifications of the microstructure, especially under the
influence of the constituent components among themselves, can be seen from the
presented microphotographs. This is particularly noticeable at large magnifications
(Pic. 3b).



a)

Pic.3. Micrographs of OMS — UFC - HYPAN: a - 100* magnified, b - 400~

magnified.

From the data obtained and described above, it can be concluded that the
HYPAN macromolecules, sufficiently reacting with the UFC macromolecules,
modify both the chemical nature and their conformation. Obviously, this explains
the destruction of the fine microstructure of previously observed an isodiametric
UFC particles. Thus, important prerequisites are created for homogenizing the
microstructure of the entire mass of the composite material.

It can be concluded that the results of microscopic studies confirmed the
assumption that the newly developed thickening composition based on OMS, UFC
and HYPAN will have, along with good physicochemical properties, also a very
homogeneous (homogeneous) amorphous structure. The latter, though indirectly,
indicates the possibility of a structural-chemical transformation of all the
components included in the composite. Thus, the developed new composite printing

thickener can be successfully used for packing cotton fabrics.

3.5. APPLICATION OF HARDENING COMPOSITIONS BASED ON
OXIDIZED STARCH AT THE SCREEN OF TISSUE
WITH ACTIVE DYES

The use of the proposed polymer system based on starch oxidized by us as a

thickener is aimed at enhancing the coloring properties of the tissue and improving



the fretboard when printing with active dyes. The composition of the developed and

traditionally used thickeners is shown in Table 1. The rest of the components for the

preparation of printing ink were carried out according to a known method [90].
Table 1

Compositions of thickeners for packing cotton fabrics

The proposed thickener, g/kg | Applied bunches in production, g/kg

Oxidized starch -60 Sodium alginate ~ -25 | Starch —-90
Unifloc 0,29-1,6 | Bicarbonate of soda -10 |Sodium silicate — 3
HYPAN -1,0-1,6 | Urea -100 | Ludigol -10
PAA -0,3-0,6| Water -until 1 kg | Water -until 1 kg
Sodium silicate -1

Urea -100

Ludigol -10

Water -until 1 kg

Fabric packing was carried out according to the technological regime of the
textile enterprise, in which the developed thickener was tested. The results of the

production tests are shown in Table 2.

Table 2

Qualitative characteristics of printed fabrics with active dyes

Thickener, dye Lightness L Washability of | Softness
(concentration of dye| thickener,% | index,%
40 g/kg)

Imported thickener based on sodium alginate - SMT ("SNT", Berlin)




Active Red 6C 43,4 97 96

Remazol Marine P-36 42.8 94 95

Remazol turquoise G 42,5 91 93

Composite thickener based on oxidized starch

Active Red 6C 39,7 87 90
Remazol Marine P-36 38,6 83 85
Remazol turquoise G 40,1 86 88

The main end results of printing textiles are the intensity and strength of the
stains. Printing was carried out under laboratory conditions of production by active
dyes according to the approved technological printing conditions for this class of
dyes. The results are shown in Table 3.

Estimating colors by intensity and strength parameters, it can be concluded
that the three-component thickening composition OS-unifloc-HYPAN provides the
required quality.

The thickening composition based on OS, HYPAN and Unifloc can be
effectively used in the practical printing of textile materials with active dyes in order

to improve the printing-technical properties of paints when used as a thickener.



Table 3

Final results of packing by three-component thickening compositions

Color indexes OS/unifloc, mass fraction (C (HYPAN) = 1.24
mass%)
Dye
6/0,29 |6/0,5 |6/0,78 |6/1,1 |6/1,3 |6/1,6
5 0 5
Intensity K/S, 13,52 135 |13,21 |13,36 | 13,48 | 13,7
Active | unit. ’ 6

red 6C | Stability to wash | 4-5/3-4 | 4-5/4 |4/4  |4/4 |5/4 |5/4

number 1, points

Intensity K/S, 9,54 965 (965 [9,74 (982 |991

Active | unit.

green dJ [ Stability to wash | 5/4 5/4 |5/4 |5/4 |5/4 |5/4

number 1, points

Intensity K/S, 1203 120 |11.95 |11.95 1216 | 122
Active | e 6 3
orange
;| Swbilitytowash |44 |5/ |5/4 |5/ |5/4 |54

number 1, points

Thus, taking into account the compatibility of the blend components, it can be
effectively used in the practical printing of textile materials, with the widest range
of mass fractions of OS and unifloc. Approvable three-component thickening
compositions have a complex of properties that predict the possibility of their

effective use in printing textiles.



CONCLUSIONS

1. The main regularities of the process of starch modification with hydrolyzed
polyacrylonitrile have been studied, the influence of temperature, concentration of
alkali and polymer on the viscosity of polymer-polymer system solution has been
revealed. It was found that the less pronounced viscosity anomaly of the starch-based
composition and the carbo component polymer of hydrolyzed polyacrylonitrile is
due to a weaker intermolecular interaction.

2. Changes in the viscosity of aqueous solutions have been studied for different ratios
of natural and synthetic polymer compositions, in particular hydrolyzed
polyacrylonitrile, unifloc and oxy-starch, it has been established that the viscosity of
the solution of the composition is significantly influenced by the concentrations of
the components. Moreover, an increase in the concentration of hydrolyzed
polyacrylonitrile in the composition of the composition increases the viscosity of the
aqueous solution of the latter.

4. The developed composition of the polymer composition possessed good
thixotropic, i.e. the aggregates of the molecule of the composition that formed it
were easily destroyed under the influence of mechanical influences, and after the
cessation of the mechanical action it was restored again, this favorably affects the
consistency of the printing ink during operation so that it does not change.

5. The advantages of the proposed composition of the composition allowing to
completely replace the imported, expensive sodium alginate, empt or manitex are
noted. It is found that the composition of the composition developed contributes to
improving the printing, technical and rheological properties of the thickener for
active dyes. In particular, increasing the viscosity of the coloring paste, which
facilitates subsequent washing of the thickener from the fabric. It was found out that
when using the composition as a thickener, the strength characteristics of the fabric

after printing are increased.
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