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Mupzopoocvka-Tepenmbesa B.JI. OnepxxaHHs PO3IIUPEHOTO
ACOPTUMEHTY MOAM(]PIKOBAHMX KPOXMAaJiB METOJAOM TEpMIYHOI OOpOOKH. —
Kpanidikamiitna HaykoBa mparisl Ha IpaBax pPyKOIIUCY.

Huceptamis Ha 3700yTTS HAYKOBOTO CTYIEHsS JOKTOopa (dimocodii 3a
crietiaybHICTIO «161 XiMIuHI TEeXHOJOTIi Ta 1HXEHepis» (rady3b 3HaHb «16
XimiyHa Ta OloiHKeHepis»). — JlepkaBHUM BUIIUNA HaBYAIBHUN 3aKiiaj
«YKpaiHChKH AepKaBHUMN XIMIKO-TEXHOJIOTIYHUH yHIBepcute, JHinpo, 2023.

Kpoxmaib € BaxXJIMBOIO CUPOBHHOIO JJI PI3HUX Tally3ed MPOMUCIOBOCTI,
30KpeMa XIMIYHOi Ta Xap4yOBOi MPOMUCIOBOCTI, Il BUTOTOBJICHHS KJICIOUUX
3acO00IB B LEJIOJO3HO-NANEpOBI  Ta  TEKCTWIBHIA  MPOMHUCIOBOCTSX,
OyniHaycTpli, JUBAapHOMY BHUpPOOHUITBI, (apmarlii, NpuU BUTOTOBJICHHI
MaKyBAJIbHUX MaTepialiB, OJHOPA30BOr0 IOCYAYy TOLIO. AHAI3 CYYaCHUX
HAyKOBO-TEXHIUYHUX IyOJIIKaIlii, 10 MPUCBAYEHI JOCITIDKCHHIO KpOXMaJiB Ta
npoieciB ix Moaudikaili i BUpOOHUIITBA, MTOKa3aB, 110 CEPell PI3HOMAHITHUX
MeToAIB Moau(iIKalli KpoXMajiB 0COOIMBO NPUBAOIMBUM € METOAU (PI3UYHOT
Moaudikailii, a camMe MEeToJ iX TepMiuHOi 00poOku. OUYEBHAHOIO TEPEBArOI0
mpoIecy TEpPMOOOpPOOKH € Te, 0 MPOCTOK 3MIHOK WOro YMOB MOXHa
OJIEP)KYBaTH JEKCTPUHU 3 PI3HUMHU (PYHKI[IOHAIIBHUMH BJIACTUBOCTSIMHU, TOOTO
pPO3IIMPIOBATA  ACOPTUMEHT  MOAU(DIKOBAaHMX  KPOXMaIiB Ha  PHUHKY,
MIJIAIITOBYIOYUCH i KOHKPETHI moTpeOu KopucTyBaudiB. OJHaK, 1O Temep
pIBEHb TPOTHO3YBaHHS 3MIHM BIIACTUBOCTEH KpOXMAaTiB BHACIIIOK iX
TEPMOOOPOOKH 3AIUIIAETHCS HEBUCOKHM, 110 OOYMOBJIEHO HEIOCTATHHOIO
BUBYCHICTIO MEXaHI3MIB TMpPOIECIB JEKCTPUHIZAI, a caMe, iX KIHETUYHHUX
mapamMeTpiB Ta 3aJeKHOCTI MIBUIKOCTI TPOIECIB Je- 1 penoyiMepusarii
noJiicaxapuaiB  BiJ CTYNEHIO 1IX TiAparanii Ta MNOPUCYTHOCTI XIMIYHUX

MoaudiKaTopiB Mporecy.



OTxe, HE3BaKAlOYM HA TMEBHI JOCATHEHHS B O00JacTi MPAKTHYHOTO
3aCTOCYBaHHS TEPMIYHOI KOHBEPCIi KpOXMajlo, BCE 1€ 3aIMINAETHCS Oaratro
NUTaHb, SKI MOTPeOYIOTh JIOAATKOBOTO JOCHIIKEHHS Ta TEOPETUYHOTO
oOrpyHTyBaHHsA. TOMy JOCHIDKEHHS TIPOIECiB TepMidHOi Momudikarii
KPOXMAaJIIB JI0C1 31CTAIOThCS aKTyaJIbHUMU 1 IEPCHIEKTUBHUMHU ISl PO3IIUPEHHS
aACOPTUMEHTY MOJU(DIKOBAHUX KPOXMAJIiB.

HMuceprariiiina poboTa CKJIaAa€TbCsl 3 BCTYIY, JIITEPATYypHOTO OINISIY,
OMKCY METOAMKU EKCIEPUMEHTIB Ta TPhOX EKCHEPUMEHTAIbHUX PO3ILIIB 3
MUTaHb JOCTIKEHb MPOIECIB TEPMIYHOT 0OPOOKH KpOXMaiB, BUITYTOBYBaHHS
aM1J1034, BIUIMBY Ha BJIACTUBOCTI JIEKCTPUHIB Psly YMHHUKIB 1 PO3POOKH
METOJIMKHN MOAN(IKYBaHHS Ta i TEXHOJIOTTYHOI CXEMHU.

VY nepmioMy po3aull HaBEAEHO OIJsA[ JITEPATYPHUX JAHHUX, Y AKOMY
PO3TJISTHYTI OCTaHHI JIOCATHEHHS B 00JacTi BUBYEHHS MpoIleciB Moaudikarriit
KpoxMaJito. 3po0JIeHO BHCHOBOK, III0 HE3Ba)kKaloud Ha TEBHI JOCSITHEHHS B
00JacTi MPaKTUYHOTO 3aCTOCYBaHHS TEPMIYHOI KOHBEPCIi KpOXMAJIo, BCE IIE
3QJIMIIAETHCS 0arato MUTaHb, Kl MOTPEOYIOTh JOJATKOBOTO JOCIIIKEHHS Ta
TEOPETUYHOTO OOrpyHTYBaHHS. ToMy METOI0 AMCepTalliHOi podoTH OyIio
oOpaHO BHBYEHHS (PI3MKO-XIMIYHUX 3aKOHOMIPHOCTEW MPOLIECIB TEPMIYHOI
00pOoOKM HATHBHOTO KPOXMAaJI0, TiJIPOTEPMIYHOTO BWIYTOBYBAHHS amijio3H,
BIUTUBY PI3HMX YMHHHUKIB Ha BJIACTHUBOCTI JEKCTPHUHIB Ta PO3POOJICHHS Ha iX
OCHOBI  paIllOHAJIBHUX YMOB OJICpXKAHHS  PO3IIMPEHOTO  ACOPTUMEHTY
Mou(DikOoBaHUX KpoxmamdiB. [nsi mocsrHeHHs 11i€i MeTh OyiM TOCTaBJICHI
HACTYIIHI 3aBIaHHS: JOCHIIATH 3aKOHOMIPHOCTI IIPOIECYy TEePMOOOPOOKH
KPOXMaJi0; BU3HAYUTH KIHETUYHY MOJIENb TiAPOTEPMIYHOTO BHIYTOBYBaHHS
aM1JI034; JOCIIJUTH BIUIMB TONEpPeaHbOI OOpOOKH, Yacy 1 TeMmImeparypu Ha
BJIACTUBOCTI TEPMIYHO 0OPOOICHUX KPOXMAITIB; PO3POOUTH TEXHOJIOTIYHY CXEMY
oJiepKaHHS MOIU(PIKOBAHUX KPOXMAJIIB.

VY npyromy po3zit onvcaHi 00'€KTH 1 METOAM TOCTIKEeHb. JocmiKeHHs

0 MIKPOCKOIIIi MPOBOAMIIA 3 BUKOPUCTAHHSIM ONTHYHOTO Mikpockoma NU-2 1



CKkaHytoouoro enektponHoro Mikpockorna JEOL JSM-6510 (JEOL, Smownis).
Tepmiunuii aHami3 KpoOXMalal MPOBOAWIM 32 JOMOMOIOI CYMIIIEHOTO
TTCA/JICK/ATA Tepomoanamnizatropy SDT Q600 (NF Instruments, CIIIA).
[adpauepBoni cnektpu orpumyBanu Ha [U-Dyp'e-cnexrpomerpi Nicolet 380
(Thermo Scientific, CIIIA). BuMiptoBaHHs1 AMHAMIYHOI B SI3KOCTI MTPOBOJIAIIN HA
portamiitHomy Bicko3umeTpi Rheotest RV2.1 (Himeuuwna). Kinematuuny
B’S3KICTb ~ BHUMIpIOBAJM 32  JONOMOTol  Bickosumerpa  OcTBaibja.
PentrenodazoBuii  anamiz npoBoawau  Ha  gudpakromerpi  JAPOH-2
(«bypesectauk», CPCP).

VY TpeTboMy pO3/iiii BUKIIAJEH] pe3yIbTaTH JOCIIKEHb 3aKOHOMIPHOCTEH
BIUTMBY TEPMOOOPOOKM Ha BIACTHUBOCTI KPOXMAJIB, 1X MOJEKYJISIPHUM CKIaJ, a
TaKOX Ha KPUCTAIIYHY CTPYKTYpPYy CYYaCHUMH (PI3UUHUMH METOJaMU
JOCITIDKEHHSI — MIKPOCKOIMIYHUM METOJ0M, TEPMIYHUMU METOJIaMH aHai3y,
@ypbe-IY-cnekTpoCcKOMi€r0, peHTTeHO(a30BUM aHAIII30M.

B pesynbrari mpoBeneHHS MIKPOCKOMIYHMX JIOCHIKEHb MOKa3aHo, IO
CepelHIi pOo3Mip YACTUHOK KPOXMAJIIO MIcisl TepMidHOi 00poOku mpu 135°C
3MeHIIMBCA 3 24,4 MKM (3 HamiBIIMPHUHOIO KpuBoi ['ayca 25,1 Mkm) 0 21,7 MKM
(3 miBmupuHOI KpuBOi posmoautry 21,3 Mkm). Take 3MEHIICHHS PO3MipiB
YaCTUHOK J0Ope MOSICHIOETHCS X JAETiIpaTali€ero Ta 3MIHOIO CTYNEHIO YIAaKOBKU
MaKpOMOJIEKYJT 610TOTIMEPIB BHACTIIOK 1X JECTPYKIIIl Ta peroaimMepu3arri.

JocnimxeHHs: TepMidHUMEU MeTofamu ananizy 1 dypoe-1Y-cnexrpockormii
MOKa3aJin, U0 KOHJIEHCalllsl TIPOKCHIIBHUX TPyH MOJIICaxapyiB BIIOYBAaeThCs B
MIMPOKOMY TEMIIEpaTypHOMY Jiama3oHl 1 HE BHSBISIETBCS OKPEMHUMHU
engoedexramu Ha kpuBux JICK. JloBeneHo, 1m0 3a HU3BKUX TEMIIEpaTyp Taka
koHneHcariss OH-rpyn nmpeBamoe Haj — mpolecamMu  JIemoJiiMepu3aliii
MaKpOMOJIIEKYII HoJTicaxapuaiB. Brepiie BcranosieHa miniiina kopemsuis (R =
0,9956) MK 3HauYCHHSAMU €HEPril axkTuBaIlli TpoIeciB JAeriaparamii i

JEKCTPUHI3AIT KapTOTUITHOTO Ta KYKYPYI3sTHOTO KPOXMAJIB, [0 CBITYUTH MPO


http://www.kstu.ru/servlet/contentblob?id=250367

HE3aJIe)KHICTh TaKUX MPOLIECIB BiJl OOTAaHIYHOTO MOXO/KEHHS KPOXMAJiB, a caMe
B1J1 CITIBBIIHOIIICHHS aM1J1033/aM1JIONIEKTUH Ta CTYIICHIO iX MoJIiMepHu3ariii.

Hocnimxenus meronom PDA mokasanu, mo B mporeci TepMooOpoOKu
KPOXMAJTIO CITOCTEPIral0ThCs 3pOCTAaHHS IHTEHCUBHOCTEHN pediiekciB B 00JacTi
20 = 10-20°, mo MOXXHa TOACHUTH TIEPEOPIEHTAIEI0 KPUCTANITIB Ta
30UIBIIICHHSIM ~ CTYICHIO  YIOPSAKOBAHOCTI MaKpOMOJIEKYJl aMiIo3u  Ta
aMUJIONIEKTUHY ITiJ] 4ac HarpiBaHHSI.

Y d4erBepTOMY PpO3IUTI BUKIAIACHI pe3yibTaTH IOJAO0 BUBYCHHS
3aKOHOMIPHOCTEH MPOIIECy 130TEPMIYHOTO BUITYTOBYBAHHS aM1JIO3H 3 KPOXMATIO.
BcraHoBiieHO, 1O KIHETHYHI KpPUBI BHUJIYTOBYBAaHHSA aMIJO3U 3 KPOXMAJIO
Halikpaie onucyroThes piBHAHHAM Kprorepa-Lurnepa, 1o onucye reteporeHHi
XIMIYHI TIpollecH 13 3MIHHUM Y 4acl koedimientom audysii. B iHTepBai
temrniepatyp 60-70°C ysiBHa eHepris akTHBaLli MPOLECY TIAPOTEPMIYHOIO
BUJIYTOBYBaHHA aM1103H ckiaziae 193 k/[»/Mob 1151 HATUBHOTO KPOXMaJIo 143-
83 kJ>x/MoIb 11 TEpMOOOPOOIECHUX KpOXMaliB. 3 MOAAIBIINM IT1IBUILICHHSIM
TEMIIEpaTypy €HEprii akTUBALli 3HIKYIOThCS 10 22 KJ{/MOIb 11 HATUBHOTO 1
13-14 x/Ix/Monb 11t Moau(biKOBaHUX KPOXMaliB. 3p00I€HO BUCHOBOK, 1110 TaKe
3MEHIIECHHS] €HEprii aKTUBalli MpPoLecy TiIPOTEPMIYHOTO BHIYTOBYBAHHS
amuio3n B TemmeparypHoMy iHTepBaii 70-80°C 0O0yMOBIEHO MEPEXOI0M
mpoiecy 3 KiHeTUYHOro B Audy3idiHUNA pexuM. Brepiie 3anponoHOBaHO
PO3IIISIaTH BUIIYTOBYBaHHS aM1JI03H SIK T€TEPOTeHHUIN TICEBOXIMIYHUM TTPOIIEC,
B KOTPOMY y SIKOCTI XIMIYHOI pEakKuli BUCTYINA€ MPOLEC PO3PUBY UUCIECHHUX
BOJHEBUX 3B'SI3KIB M1’ MaKpOMOJIEKYJIaMHU aM1JI03H.

VY derBepTOMY pO3aUII TaKOXK HaBEJEHI pe3yJbTaTH MdOCIIKCHb I10
BHUBUYEHHIO MOKJIMBOCTI MPUCKOPEHHS IJIPOTEPMIYHOTO BUIIYTOBYBAaHHS aM1JI03U
3 KpOXMaJTIo 332 paXyHOK BUKOPUCTAHHS KUCJIOTHOTO KaTanizaTopy. BcranosieHo,
10 3 POCTOM KHCJIOTHOCTI PO3YMHIB KJIEHCTEPIB 3HIKYETHCS €HEPrisl aKTUBaLlli
npoiiecy BUIYyroByBaHHs amiio3u (31 185 x/[x/Momns ipu pH 5 1o 22 x/[>x/Moib

mpu pH 3 3a remneparyp 60-70°C), mo 0O0yMOBIIEHO BIUIMBOM 10HIB T1APOTEHY



Ha MIIHICTh BOJHEBHUX 3B’sA3KiB. MeXaHi3M TaKOro BIUIUBY BHBYCHO METOJIOM
KBaHTOBO-XIMIYHOTO MOJIETIOBaHHS. 3alpONOHOBAHO 1HTEHCU(IKYBATU MPOIIEC
TIIPOTEPMIYHOTO  BHJIYTOBYBaHHS aMiJIO3M 3 KPOXMAII0 3a PaxyHOK
BUKOPHUCTAHHS KHUCIHUX CepeZIOBHII 0e3 JOJAaTKOBOTO HarpiBaHHS KPOXMaJIbHHUX
CyCHEeH3IH.

Jlnst aHAImizy MOJIEKYJIIPHO-MAacCOBOTO PO3IMOALTY aMiJIO3HUX KIICHCTEpiB
BUKOPUCTOBYBAJIM  TOHKOIIAPOBY  XpoMarorpadiro 13  CKaHyBaHHAM
XxpoMarorpadiuHux IUISIM Ta BU3HAYEHHSM KOOPAHMHAT KOJbOPY B CHUCTEMI
CIELab. ITpodini 3MiHM OBHOT KOJIIPHOI BIIMIHHOCTI XpoMaTOrpadiuHuX Misim
B HalpsIMKy pPyXy (pPOHTY €JIOEHTY J[03BOJWIM OXapaKTepU3yBaTH 3MIHU
MOJIEKYJIIPHOI Macuh aMuIO3M IICig JEKCTpHHi3alli Kpoxmantw. Bnepiie
3aMpONOHOBAHO MOAUIATH TEPMIYHO OOPOOJIEH1 KpoXMaJi Ha IBI OKPEMI IPyIH —
3 MM1JIBUIIEHUM Ta 31 3HWKEHUM CTYTIEHEM MOJIIMEpHU3allii aMiI03H.

B po3aini Takok onucaHi pe3ynbTaT JOCT)KEHb BILTUBY YMOB TEPMIYHOI
0o0OpoOKHM KpOXMaJl0 Ha JMHAMIYHY B’SI3KICTh KieicTepiB. BumiproBanHs
JUHAMIYHOI B'SI3KOCTI KJIEHCTEPIB MOKA3aJIM, 110 3 POCTOM MIBHAKOCTI 3CYBY
B'SI3KICTh KJIEHCTEPIB CIIOYATKY HIBUIKO 301JIBIIYETHCS, @ TOTIM MPHU IIBUIKOCTAX
9-12 ¢! nouuHae mIABHO 3HMKYBATUCS, INO MOSCHIOETHCSA IIEPEXOIOM
HBIOTOHIBCBKOTO PEXHMMY Tedii J0 TceBaoruiacTuyHoi teuli. Ilokazano, mio
KpUBI CTaIllOHApHOI Teuil JOCHIPKEHUX 3pa3KiB TapsSuux aMUIO3HUX
kieiictepiB  (3,8% mac., 70°C) 3MIHIOIOTBCS B 3aJIE)KHOCTI BiJ] YMOB
moaudikamii kpoxmaniB. HalOinbiry B A3KICTh Ma€ KIEHUCTEp, OACpKaAHUN
TEPMOOOPOOKOI0 KPOXMAII0 BOPOJAOBXK 2,5 roa (MakCUMalibHE 3HAYEHHS
B’si3kocTi 1,07 Ila-c), a HaliMeH1Ty — KJeiicTep 3 OKucHeHoro kpoxmaiio (0,23
ITa-c.).

Y m’daromy po3nuli  BHUKJIQACHI pPE3yJbTaTh JIOCHIKEHHS BIUIMBY
nomnepeaHboi 00poOKM, Yacy 1 TeMIepaTypd Ha BJIACTHUBOCTI TEPMIYHO
00poOIeHNX KPOXMAaITiB, a caMe KIHEeMaTHYHOI B’S3KOCTI iX KieicrepiB. Brepiie

BCTAHOBJIEHA 3AJIEKHICTh €(PEKTUBHOCTI 1 MEXAHI3MY JEKCTPUHI3AIlT KpOXMaiB



B1JI CTYIICHIO iX Tiparallii: 4uM MEHIIIE TOYaTKOBUN BMICT BOJIA B KPOXMaJTi, TUM
OlIbINE CTYIIHL 3IIMBaHHS HOTO TMOJIICaXapu/iB B MPOIECl TEPMOOOPOOKH.
3po0sieHO BUCHOBOK, IO TIOTIEPEIHE HACHYCHHS KPOXMAaII0 BOJOK abo
MOTIEPETHS HU3BKOTEMIIEpAaTypHa BaKyyMHA JETiApaTallis KPOXMaJio 3MIHIOE
CITIBBIJTHOIIIEHHS IMIBUAKOCTEH MPOIECIB Je- 1 pernoaiMepu3arlii mojicaxapuaisB B
mportieci ix TepMooOpOOKH, IO T03BOJISIE MPOTHO30BAHO 3MIHIOBATH BJIACTUBOCTI
I[IJTLOBOTO TMPOAYKTY BHUPOOHMIITBA O€3 3aCTOCYBaHHS JIOJATKOBUX XIMIYHHX
peareHTiB. Bmepmie — gocnipkeHo — mporec  Moaudikaiii  KpOoXMaTko
IHKOpIIOpaIli€l0 HaHOYAaCTOK opTodocdaTiB KaibIlito. BcTaHoBICHO, MO Taka
IHKOpIopallisi KpOXMallto J03BOJISIE 3MEHILUTH TEMIIEpaTypy 1 4ac HarpiBaHHS
KpOXMaJiB JJIsl TOCATHEHHS! HEOOX1THUX MOKAa3HUKIB B’S3KOCTI 1X KJIEHCTEPHUX
PO3YHHIB.

B mocroMy po3ai onrcaHa TEXHOJOTIYHA CXeMa BUPOOHHMUOI JA1IbHUII
TUTSI OJIep KaHHS IHKOPITIOPOBAHKX JICKCTPHHIB, IO TIPOMTOHYETHCS BIIPOBAANTH Ha
MiIPUEMCTBAX 3 BHUPOOHUIITBA KpOXMallo. B  SKOCTI CHpPOBMHU HaMu
3aIpONOHOBAHO BUKOPHCTOBYBATH HE BHUCYIIECHWW, a BOJOTHUH KPOXMalb, IO
OTPUMYIOTh Ha MEPEAOCTaHHIM CTaaili WOro BUpOOHUUTBA. K BIIOMO, MicCIs
IPOMUBAHHS KPOXMAITIO MPOBOJAUTHCS MOTO HU3BKOTEMIIEpAaTypHA CYIIKa, 110 €
JIOBOJII TPUBAJIUM Ta €HEpro3aTpaTHUM IpoiiecoM. OUeBHIHO, 1[0 BUKOPUCTAHHS
BOJIOTOTO KPOXMAJII0 CIPUATUME 3HUKEHHIO COOIBApTOCTI 1HKOPIIOPOBAHUX
nexkctpuHiB. KpiM TOro, BCTaHOBJIGHO, IO 3alpOTNOHOBAHUN HaMHU CIOCIO
OJICp’KaHHS 1HKOPIOPOBAHOTO JEKCTPUHY € €KOHOMIYHO BUT1IHHUM, OCKIIBKU
3TiJTHO PO3PaxOBAaHUX JIAHUX BUTPATU HA peareHTH mpu Moaudikariii KpoxmMaro
HE NEPEBUILYIOTH 3,2%.

TakuM YMHOM, B pe3yJIbTaTi BUKOHAHHS JTUCEPTAIiiHOI pOOOTH BUPIIIEHO
BOXJIMBE HAYKOBO-TIPAKTHYHE 3aBJaHHS IIOJI0 OJACPXKAHHS PO3IMIMPEHOTO
ACOPTUMEHTY MOAM(PIKOBAHMX KpoxmainiB. ExcriepuMeHTaIbHO JOBENIECHO, 1110
OCHOBHUMH YMHHHKAMHU, 5Kl JO3BOJISIOTH PO3IIUPUTH ACOPTHUMEHT JCKCTPHUHIB

3a X BIIACTUBOCTSAMH, € TPHUBATICTH 1 TeMIlepaTypa TEPMIYHOI 0OpOOKH,



MMOYATKOBUN BMICT y KpPOXMaISX BOJW, HHU3BKOTEMIIEpaTypHa BaKyyMHa
Jeriapararlis KpoxMajao Ta Horo oopoOka XiMIYHMMH peareHTamu. Brepiie
3aMpONOHOBAHO BUKOPUCTOBYBATH Ji MOAM]IKAIli KpOXMaJiB 1HKOPHOPAIIiIO
HaHouacTHHKamMu opTtodocdarie kanbuito. Bin TOB «Kopca» (m. lHimpo)
OTPUMAHO akKT BHUIIPOOYBaHb, B SKOMY ITJITBEPKYETbCS  €(HEKTUBHICTD
3alPOMOHOBAHOTO CMOCO0Y CHHTE3y IHKOPIIOPOBAHOTO JEKCTPUHY Ta MOro
BianoBigHicT, 10 BUMOTr JICTY 4380:2005 3a opraHosenTHYHUMHU 1 (Hi3UKO-

XIMIYHUM TIOKa3HUKAMU ISl BAKOPUCTAHHS Y Xap4yOB1i TPOMUCIOBOCTI.

Knwouosi cnosa: momiMmep, moJiMepHUN Marepian, MoAuIKOBaHUN
KpOXMallb, AEKCTPUHH, PochaTh Kanibllito, BUTYrOBYBaHHS, €KCTPaKLIs, XIMIUYHE
OCa/KCHHS, KJeHcTepu3allisi, KiHeTuka, TepMiuHui aHamni3, [Y-cnekrpockormis,

BICKO3UMETDIsl, peHTTeHO(ha30BUId aHAI13.



ABSTRACT

Myrhorodska-Terentieva V.D. Obtaining an expanded range of modified
starches by the method of heat treatment. — Qualifying scientific work, the
manuscript.

Thesis for a PhD degree in specialty «161 Chemical Technology and
Engineering» («16 Chemical and bioengineering»). — State Higher Education
Institution «Ukrainian State University of Chemical Technology», Dnipro, 2023.

Starch is an important raw material for various of industry, in particular the
chemical and food industries, for the production of adhesives in the pulp and
paper industries, textile industries, building industry, foundry, pharmacy, in the
production of packaging materials, disposable dishes, etc. The analysis of modern
scientific and technical publications devoted to the study of starches and the
processes of their modification and production showed that among the various
methods of modification of starches, the methods of physical modification,
namely the method of their heat treatment, are especially attractive. An obvious
advantage of the heat treatment process is that by simply changing its conditions,
it is possible to obtain dextrins with different functional properties, that is, to
expand the range of modified starches on the market, adapting to the specific
needs of users. However, until now, the level of predicting changes in the
properties of starches as a result of their heat treatment remains low, which is due
to the insufficient study of the mechanisms of dextrinization processes, namely,
their kinetic parameters and the dependence of the rate of de- and
repolymerization processes of polysaccharides on the degree of their hydration
and the presence of chemical process modifiers.

Therefore, despite certain achievements in the field of practical application
of thermal conversion of starch, there are still many questions that require

additional research and theoretical justification. Therefore, studies of the



processes of thermal modification of starches still remain relevant and promising
for expanding the range of modified starches.

The dissertation consists of an introduction, a literature review, a
description of the experimental methodology, and three experimental sections on
research into the processes of heat treatment of starches, amylose leaching, the
influence of a number of factors on the properties of dextrins, and the
development of the modification methodology and its technological scheme.

The first chapter provides a review of literature data, which reviews the
latest advances in the study of starch modification processes. It was concluded
that despite certain achievements in the field of practical application of thermal
conversion of starch, there are still many questions that require additional
research and theoretical justification. Therefore, the aim of the dissertation work
was to study the physico-chemical regularities of the processes of heat treatment
of native starch, hydrothermal leaching of amylose, the influence of various
factors on the properties of dextrins, and to develop on their basis rational
conditions for obtaining an expanded range of modified starches. To achieve this
aim, the following tasks were set: to investigate the regularities of the starch heat
treatment process; to determine the kinetic model of hydrothermal leaching of
amylose; to investigate the influence of pre-treatment, time and temperature on
the properties of heat-treated starches; to develop a technological scheme for
obtaining modified starches.

The second chapter describes the objects and methods of research.
Microscopy studies were performed using an optical microscope NU-2 and a
scanning electron microscope JEOL JSM-6510 (JEOL, Japan). Thermal analysis
of starch was performed using a combined TGA/DSC/DTA thermoanalyzer SDT
Q600 (NF Instruments, USA). Infrared spectra were obtained on a Nicolet 380
FT-IR spectrometer (Thermo Scientific, USA). Dynamic viscosity was measured

on a rotary viscometer Rheotest RV2.1 (Germany). Kinematic viscosity was



measured using an Ostwald viscometer. X-ray phase analysis was performed on
a diffractometer DRON-2 (Burevestnyk, USSR).

In the third chapter, the results of studies of the regularities of the effect of
heat treatment on the properties of starches, their molecular composition, as well
as on the crystal structure using modern physical research methods - microscopic
methods, thermal methods of analysis, FTIR spectroscopy, and X-ray phase
analysis are presented.

As a result of conducting microscopic studies, it was shown that the
average size of starch particles after heat treatment at 135°C decreased from 24.4
um (with a half-width of the Gaussian curve of 25.1 um) to 21.7 um (with a half-
width of the distribution curve of 21.3 um). Such a decrease in the size of particles
is well explained by their dehydration and a change in the degree of packing of
macromolecules of biopolymers as a result of their destruction and
repolymerization.

Research using thermal methods of analysis and FTIR-spectroscopy
showed that the condensation of hydroxyl groups of polysaccharides occurs in a
wide temperature range and is not manifested by separate endo-effects on DSC
curves. It has been proven that at low temperatures such condensation of OH
groups prevails over processes of depolymerization of polysaccharide
macromolecules. For the first time, a linear correlation (R? = 0.9956) was
established between the values of the activation energies of the processes of
dehydration and dextrinization of potato and corn starch, which indicates the
independence of such processes from the botanical origin of starches, namely
from the ratio of amylose/amylopectin and the degree of their polymerization.

X-ray diffraction studies showed that in the process of heat treatment of
starch, there is an increase in the intensity of reflexes in the region of 26 = 10-
20°, which can be explained by the reorientation of crystallites and the increase
in the degree of order of amylose and amylopectin macromolecules during

heating.



The fourth chapter presents the results of studying the regularities of the
process of isothermal leaching of amylose from starch. It was established that the
kinetic curves of amylose leaching from starch are best described by the Kruger-
Ziegler equation, which describes heterogeneous chemical processes with a time-
varying diffusion coefficient. In the temperature range of 60-70°C, the imaginary
activation energy of the process of hydrothermal leaching of amylose is 193
kJ/mol for native starch and 43-83 kJ/mol for heat-treated starches. With a further
increase in temperature, the activation energy decreases to 22 kJ/mol for native
and 13-14 kJ/mol for modified starches. It was concluded that such a decrease in
the activation energy of the process of hydrothermal leaching of amylose in the
temperature range of 70-80°C is due to the transition of the process from the
kinetic to the diffusion mode. For the first time, it was proposed to consider
amylose leaching as a heterogeneous pseudochemical process, in which the
process of breaking numerous hydrogen bonds between amylose macromolecules
acts as a chemical reaction.

The fourth chapter also presents the results of research on the possibility of
accelerating the hydrothermal leaching of amylose from starch due to the use of
an acid catalyst. It was established that with the increase in the acidity of paste
solutions, the activation energy of the amylose leaching process decreases (from
185 kJ/mol at pH 5 to 22 kJ/mol at pH 3 at temperatures of 60-70°C), as the
acidity of paste solutions increases, the activation energy of the amylose leaching
process decreases (from 185 kJ/mol at pH 5 to 22 kJ/mol at pH 3 at temperatures
of 60-70°C), which is due to the effect of hydrogen ions on the strength of
hydrogen bonds. The mechanism of such influence was studied by the method of
quantum-chemical modeling. It is proposed to intensify the process of
hydrothermal leaching of amylose from starch due to the use of acidic
environments without additional heating of starch suspensions.

To analyze the molecular mass distribution of amylose pastes, thin-layer

chromatography with scanning of chromatographic spots and determination of



color coordinates in the CIELab system was used. Profiles of changes in the total
color difference of chromatographic spots in the direction of movement of the
eluent front made it possible to characterize changes in the molecular weight of
amylose after starch dextrinization. For the first time, it was proposed to divide
heat-treated starches into two separate groups - with an increased and with a
reduced degree of amylose polymerization.

The section also describes the results of tracking the influence of thermal
processing of starch on the dynamic viscosity of pastes. The study of the dynamic
viscosity of the pastes showed that with increasing liquidity, the viscosity of the
pastes initially increases, and then at a liquidity of 9-12 s’ it begins to gradually
decrease, which is explained by the transition of tonal flow regime to
pseudoplastic flow. It has been shown that the curves of the stationary flow of
traces of hot amylose pastes (3.8% wt., 70°C) change depending on the
modification of starches. The paste obtained by thermal treatment of starch for
2.5 hours has the highest viscosity (maximum viscosity value 1.07 Pa-s), and the
paste made from oxidized starch (0.23 Pa-s) has the lowest.

The fifth chapter presents the results of the study of the influence of
pretreatment, time, and temperature on the properties of heat-treated starches,
namely, the kinematic viscosity of their pastes.

For the first time, the dependence of the efficiency and mechanism of
starch dextrinization on the degree of their hydration was established: the lower
the initial water content in starch, the greater the degree of cross-linking of its
polysaccharides during heat treatment. It was concluded that the preliminary
saturation of starch with water or the preliminary low-temperature vacuum
dehydration of starch changes the rate ratio of the processes of de- and
repolymerization of polysaccharides during their heat treatment, which allows
predictably changing the properties of the target product of production without
the use of additional chemical reagents. For the first time, the process of starch

modification by incorporation of calcium orthophosphate nanoparticles was



investigated. It was established that such incorporation of starch allows to reduce
the temperature and time of heating starches to achieve the required viscosity
indicators of their paste solutions.

The sixth chapter describes the technological scheme of the production site
for obtaining incorporated dextrins, which is proposed to be implemented at
starch production enterprises. As a raw material, we suggest using not dried, but
wet starch obtained at the penultimate stage of its production. As you know, after
washing the starch, it is dried at low temperature, which is a rather long and
energy-consuming process. It is obvious that the use of wet starch will help reduce
the cost of incorporated dextrins. In addition, it was established that our proposed
method of obtaining incorporated dextrin is economically beneficial, since
according to the calculated data, the cost of reagents during starch modification
does not exceed 3.2%.

Thus, as a result of the dissertation, an important scientific and practical
task of obtaining an expanded assortment of modified starches was solved. It has
been experimentally proven that the main factors that make it possible to expand
the range of dextrins in terms of their properties are the duration and temperature
of heat treatment, the initial content of water in starches, low-temperature vacuum
dehydration of starch and its treatment with chemical reagents. For the first time,
it was proposed to use the incorporation of calcium orthophosphate nanoparticles
to modify starches. A test report was received from Korsa LLC (Dnipro), which
confirms the effectiveness of the proposed method of synthesis of incorporated
dextrin and its compliance with the requirements of DSTU 4380:2005 in terms of

organoleptic and physicochemical indicators for use in the food industry.
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