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I'napPOJnN3 PACTUTEJIBHBIX TIOJIMCAXAPUJOB C UCIIOJIb3OBAHUEM
IHOJIMMEPHOTI'O TBEPJIOI'O KHCJIOTHOI'O KATAJIU3ATOPA
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AHHOTanus. B crarbe pacCMOTpEHBI MOIMCaXapubl PACTEHUM — OJHM W3 CaMbIX
pacIpOCTPAaHEHHBIX MPHPOJIHBIX OMOMOJIMMEPOB, MPEJICTABIAIONIMX OOJBIION HHTEpPEC B
KAayecTBE ChIPbsl JUISl TMOJY4YeHHs] BOCTPEOOBAaHHBIX MOHOCAXapHUAOB: TJIIOKO3bl, (PYKTO3BI,
Kcuino3bl. Hanbosnee nepcrnekTUBHBIMU M TOCTYITHBIMU TOJMCAaXapuaaMu SIBIISIIOTCS 1IEIUTION03a,
UHYIMH M TEeMHULEIIIN03a, MOJydyaeMble W3 PacTHTEIbHOM OnoMacchl. PacmpocTpaHeHHBIM
IpoIecCOM MEepepadOTKH PACTUTEIbHBIX MOJMCAXApUAOB /10 CaXapoB BBICTYMAET KUCIOTHBIA
TUAPOIN3, B KOTOPOM Y4aCTBYFOT MHUHEPAJIbHbIE KHCIOTHI, OJJHAKO UX IIPUMEHEHHE COIPSIKEHO C
PSIIOM CYLIECTBEHHBIX HEJOCTAaTKOB: KOPpO3Uel 000pya0BaHuUs, HEOOXOIUMOCTBIO YTHIU3AIUH
u T.. B cBsA3u ¢ 3TuM Hanbojee MHOroOOELIAOIMMH MPEACTABIAIOTCA TBEPblE KUCIOTHbIE
Karamu3atopel. VX  HCIONB30BaHME  CYIIECTBEHHO  YIPOLIAET M YHUBEPCAIU3ZHUPYET
TEXHOJIOTUYECKUH MpOoLEeCC, O3B0 IPUMEHSTh €ro B 0oJjiee NIMPOKOM JHara3oHe Peakluid; B
OTJIMYUE OT JKHUJKMX, TBEPIbIE KATAIMU3aTOPhl 4aCTO MOMJAIOTCS PEreHEpaluu, YTO YyMEHBIIACT
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3aTparTbl Ha MPOU3BOJACTBO M KOJIMYECTBO OTXOJOB, a TIJaBHOE — 3HAUYMUTEJIbHO CHHUXAET
KOPPO3UOHHYIO aKTUBHOCTh. CyIIIECTBYIOT TaKUE THUIIBI TBEPIbIX KHUCIOTHBIX KaTau3aTOPOB, KaK
[[EOJTUTHI, TETEPOMOIUKHUCIIOTHI, CyTh(hUPOBAHHBIE OKCHUIBI METAJIIOB U OPTaHO-HEOPTaHUYECKHE
KOMIO3UTHL. B »Tol o00jacTu MepCHeKTUBHBIMU MPEACTABISIOTCS TBEPAbIC KHUCIOTHBIC
KaTajJu3aTopbl HAa OCHOBE MOPHUCTBIX OpraHMYecKUx mojauMepoB. K ux mnpeumyiiecTBam
OTHOCSITCSl BBICOKAsl TUIOTHOCTh KHCIIOTHBIX IIEHTPOB Ha MOBEPXHOCTH, HU3Kas KOPPO3HOHHAS
AKTUBHOCTb, YCTOMYMBOCTh K XUMHUYECKHUM M TEPMUYECKUM BO3ACHCTBUSAM, BO3MOKHOCTH
GbyHKIMOHAIN3aUY, 3HAUUTENbHAS IUIOL[AJb MOBEPXHOCTH M  HEBBICOKAs CTOMMOCTb,
00yCIIOBJIEHHAs: OTHOCUTEJIBHOM JIEFTKOCThIO IIPOU3BO/ICTBA.

KiloueBble cjiOBa: THAPONW3, UEIUIIOI03a, HWHYJIWH, KCHIJIO3a, CBEPXCIIMTHII
MOJIUCTUPOIL.

DOI: 10.46573/2658-7459-2025-2-93-103

BBEJ/IEHHE

JlurHonenntono3Hass Ouomacca — caMmblii  Oorarblif HCTOYHMK BO30OHOBIISIEMOIO
OpraHHYecKoro yriepoaa Ha miuaHeTe. OHa HIMPOKO HCHOJB3YyeTCS B KPYMHOMACIITAOHOM
MPOU3BOJICTBE BOCTPEOOBAHHBIX XHMHYECKHUX BEIISCTB. B OCHOBHOM JIMTHOIICIJUTFOJIO3HAS
OroMacca COCTOMT M3 TPeX MaKpPOMOJEKYISPHBIX KOMIIOHEHTOB: Ie/unto03bl (40—60 %),
remurenronodsl (2040 %) w muraumna (10-24 %) [1]. Ilpm karamu3upyeMoM KHCIOTOM
TEPMUYECKOM THJIPOJIHM3E MOJUMEPHBIC Caxapujbl JACTIOJIMMEPU3YIOTCS 10 CBOMX MOHOMEPHBIX
dopm. Ha puc. 1 mokazaHa cxema KOHBEPCHH IOJIMCAXAPUIHBIX KOMIIOHCHTOB JIUTHO-
HEJUTI0N03HOM 6roMaccel B pypdypor u ero nmpousBoaHbIe [2].
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Puc. 1. Ilytu npeobpazoBaHus HEIITIOI03bI U3 TEMUIIEIUTIOIO3bI
IIPU KMCIOTHOM THIPOJIN3E
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["'eMHU11€ITI0JI03bI COCTOAT U3 MOHOMEpPA I€KCO3bI U IIEHTO3bl, KOTOPBIE COETUMHEHBI MEXK Y
coboii m MoryT ObITh pa3BeTBiIeHHbIMH. IleHTO3b1 — 3TO0 B-D-kcmumo3a u o-L-apabuHo3a, a
rekco3sl — 310 B-D-mannoza, B-D-rmiokosza u P-D-ramakro3a. HekoTopble reMHIIETIONO3bHI
MOTYT COAEpKaThb YPOHOBBIE KHUCIOTHI, Takue Kak 4-o-meTui-f-D-rimokypoHoBas u
raJlakTypOHOBast KUCIIOTHI, B 00KOBBIX 1ensax [3]. Kcunan mpencrapisier 3HaUNTENbHBIA HHTEPEC
U3-32 CBOEr0 MOTEHIHala B IPOM3BOJCTBE YNAKOBOYHBIX IUIEHOK M IMOKPBITMH JJI MHILEBBIX
IPOJYKTOB, & TAKXKE U3-32 BO3MOXKHOCTH €TI0 MCIIOJIb30BaHUS B OMOMEINIIMHCKUX MPOAYKTax [4].

NHynuH — 3TO MNpOCTOM pacTUTEIbHBIA TOJMCaxapui, COCTOAIIMM M3 CeMEeWCTBa
muHeHHBIX B(2—1) nmomudppykrodypano3mi-D-TiOKO3HBIX MOJUMEPHBIX IIETIOYEK, B KOTOPBIX
HEepa3BETBJIECHHAs 1IeNb KOJel (PPYKTO3bl 3aKaHYMBAETCS OJHUM IJIFOKO3HBIM KOJIbLIOM. VHYIHH
UCIIOJIb3YETCSI B KAUE€CTBE 3allaCHOrO YIJIEBOJAA PACTEHUSIMU ceMeNCTBa ACTPOBBIE, K KOTOPbIM
OTHOCSATCS T€OPrHHbI, LIMKOPUH, apTUIIOKH, JyK M 4YecHOK [5]. B mporecce KuCIOTHOrO Miu
(epMEHTaTUBHOTO pa3OKEeHUsI MHYJIWHA 00pasyroTcst D-(pykroza m HEOONbIIOE KOIMYECTBO
IJIIOKO3bl.  [IpoMexXyTO4Hble MNPOAYKTHl pacHaja HMHYJIWHA (MHYJIOMIBI) HEe 00JafaoT
BOCCTAHOBUTEIIbHBIMU CBOWcTBaMH [6]. WHYnMH mnpuuucisior K QpyKTaHaMm, KOTOpEIE
NPECTaBISIOT COOOM JMHEHHBbIE MO0 pa3BETBICHHBIC YIJIEBOJbI, MOJyYEHHbIE M3 Caxapo3bl.
OCHOBBIBAasICb Ha CTPYKTYPHBIX OTJIMYHUAX, BBIICISAIOT TPU BHAA (PYKTAHOB: MHYIUH (CBS3b
f2—1), neBan (cBs3b 2—6) u rpumHan (cBsizu P2—1 u f2—6). JlnuHa 1enU pacTUTEIBHBIX
(GpyKTaHOB, OnpeensiemMas CTEIEHbIO MMOJIMMEPHU3alui, — BEJIMUMHA IlepeMeHHast [7].

Ilemtrono3a — 310 Haubojiee 4acTo BCTpevaroliuiicss B mpupoje Ouomnonumep. OHa
SIBIISICTCS OJTHUM M3 TJIABHBIX COCTABJIAIONIIMX AJIEMEHTOB KJIETOYHBIX 000JIOYEK OOJBIIMHCTBA
pacrenuii. Ilenmono3a npencraBiaseT coOON BBHICOKOMOJEKYJISIPHBIA JTMHEWHBIH IMOJIMCaxapu/,
BKJIIOUAIOLIMI MNOBTOpstonirecs: octaTku P-D-rimrokossl, coenuHeHHsle [B-1,4-TMUKO3UIHBIMU
cBs3aMH [8].

['uaponn3 BceX MEPEYMCIICHHBIX BBINIE  MOJUCAaXapuAOB B  MPOMBIIIIEHHOCTH
OCYILIECTBIISICTCSI MUHEPAIbHBIMM KHCJIOTaMH, KOTOpble OOJaJaloT psAAOM CYIIECTBEHHBIX
HEJ0CTaTKOB: BBICOKOM KOPPO3UHHOCTHIO, TPYAHOCTHIO OTAENEHUs OT MPOAyKTOB peakuuu. C
BBEJICHUEM Bce 0ojiee JKECTKMX HJKOJIOTMYECKHUX CTaHAAPTOB HCIHOJIb30BAHHWE HEOPraHMYECKUX
KHUCJIOT CTAaHOBMUTCS MEHEE INPUBJIIEKATENIbHbIM, U PEalbHOM aJbTEepPHATUBONM MM MOTYT CTaTh
TBEpAbIE KHUCIOTHl. BecbMa MEpPCIEKTUBHBIM SIBISIETCS TNPUMEHEHUE TBEPABIX KHUCIOTHBIX
KaTaJI13aTOPOB Ha OCHOBE MOPUCTHIX MOJTUMEPOB, B YACTHOCTU CBEPXCIIUTOTO MOIUCTHPOIIA.

Ceepxcrmtelii monuctupon (CIIC) — 3To monuMmepHass MaTpulia, MOPUCTas CTPYKTypa
KOTOPOM CaMOIIPOU3BOJILHO 00pa3yeTcst B Tpoliecce CHUHTEe3a. biarogapsi BBICOKON CTETEHH
ceepxcmuBku (6onee 100 %) CIIC chopmMupoBaH U3 JKECTKUX MOJOCTEH TUAMETPOM OKOJIO
2-3 HM [9]. CBepXCHIUTHINA TOJUCTHPOI CIOCOOEH K HAOYXaHWIO B PACTBOPUTEISIX Pa3TUIHON
npuposl [10], 4To nemaer BO3MOXHBIM BKIIFOYEHUE OPraHOMETAJUIMYECKUX COCAMHEHHH B €ro
nopuctyio ctpyktypy [11]. [IpucyTrcTBHE MUKPO- i ME30IIOP B MAaTPHUIIE OOYCIIOBINBAET HATHUHUE
POCTPAHCTBEHHBIX HAHOCTPYKTYp, CHOCOOCTBYIOIIMX (POPMHUPOBAHUIO METAJIICOAEPKAIIUX
HAHOYACTHI] aKTUBHOM ¢a3bl katanuzaTopos [12]. K apyrum nocrouncrsam CIIC oTHOCATCS €ro
MeXaHM4YeCKas MPOYHOCTh, XuMudeckas U Tepmudeckas (1o 400 °C) cTaOuiabHOCTh, pa3BUTAs
yIeNbHast IIIOMIa b TOBEpXHOCTH (mopsika 1 000 M2/r).

B nanHoif pabore mpeasoxkeHa METOAMKA THJIPOJIM3a  IOJHCAXapUaoB 10
COOTBETCTBYIOIIMX MOHOCAXapUIOB C INPUMEHEHUEM CyJIb(UPOBAHHOIO CBEPXCLIMTOIO
HOJIMCTUPOJIA.
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MATEPHAJIBI H METO/IbI

B xome wuccnenoBaHus B KayecTBE HMCXOIHOTO ChIPbsi ObUI B3AT CBEPXCIIUTHIM
nonuctupon MN270 (Purolite, UK), koTopslit He nMeeT (HyHKIMOHATBHBIX rpymi. Kpome Toro, B
nporecce MCCACIOBaHMS HCIOIB30BAIUNCh cepHas kuciora (99,999 %, Sigma-Aldrich, USA),
1,2-nuxsopatan (99,8 %, Sigma-Aldrich, USA), stanon (95 %, Acros Organics, USA), unyinux
(>90 %, Tokyo Chemical Industry, Smonwus), kcuwman (90 %, Sigma-Aldrich, USA),
MHUKPOKpHCTa/THUecKas meutoiosa (97 %, Sigma-Aldrich, USA).

Cynspuposannbiii CITIC MN-270 nonydaroT mo ciaeayroieid MeToauke. B KpyriioqoHHyo
kosi0y momematot 0,5 r monumepa u 5 mia 1,2-auxnopstana. CMech NMepeMeInBalT B TCUCHHE
1 u mpu Temmneparype 25 °C u ckopoctu BpamieHusi memanku 200 o6/muH. [lanee k cmecu
npuOaBisAOT 25 MJI KOHLEHTPUPOBAHHOW cepHOW kucinoThl U HarpeBatoT a0 80 °C. Cwmech
BBIICP)KUBAIOT TMPH 3TOM TeMIeparype B Te4eHHe | 4 MpU UHTECHCHMBHOM IE€pPEMEIIMBAHUU
(1000 o6/MuH). 3aTeM CYCIIEH3MIO OCTOPOYKHO BBUIMBAIOT B CTaKaH, HAIMOJHCHHBIA JIbJIOM
(okomo 300 mn guctupoBaHHOU BOAb). Cyiab(GUPOBAHHBIN MOIUMEP OTIACISIOT HA OyMa)KHOM
¢mibTpe B BOpoHKE BIoxHEepa W MpOMBIBAIOT OOJIBIINM KOJIHMYECTBOM TUCTHIUIMPOBAHHON BOJIBI
(okono 1 1) u 95%-m stanonom. Ilocie sToro monumep cymar B TeueHue 24 4 npu TeMneparype
65 °C.

'unponu3 monucaxapua0B MPOBOAMICS B CTAIILHOM PEAaKTOpE BBICOKOro naBieHus Parr
Instrument 4843 ob6bemom 50 cM°. B THIMYHOM OSKCIIEPHMEHTE HABECKY IOJIMCAXApHAA H
KaTajan3aTopa MOMELIAIOT B KONOy peakTopa, mpuiauBaioT 30 MJI JUCTHUIMPOBAHHOW BOJIBI U
repMeTusupyror. [lanee peaktop 3—4 pasza npoayBaroT a30TOM I10] IaBJICHUEM 5 Oap, mocie 4ero
BKJIIOYAlOT HarpeB U nepememuBanue B 100 o6/mMuH. [lo noctmkenun paboueil Temreparypsl
000poTHl Memaakd NOoBbIIAIOT g0 600 00/MHH, YTO SBJISETCS HA4YaJOM OTCUETa BPEMEHU
sKcriepuMeHTa. 110 OKOHYaHUM SKCIEPHUMEHTa PeakTop OCTYXKAIOT U OTIEINAIOT KaTalu3aTop Ha
OymaxHoM ¢uinbTpe. KonnuecTBeHHOE oOIpeneseHne MOHOCAaXapoB OCYIIECTBISUIN METOAO0M
BbICOK03()(heKTUBHOM KHUJIKOCTHOM Xpomarorpaduu.

PE3YJIbTAThI HCCJIE/]OBAHHA
B xome peakuuum cynbpupoBanus ucxomnoro CIIC MN270 6bu1 momydeH oOpasernt
TBEPAOrO0  KHUCIOTHOTO  Karaiau3aropa, oOo3HaueHHbIH kak SMN270-1H. Ilpomnecc
cynbdupoBanus 3aHaa 1 4 npu temneparype 80 °C. IlomaydyeHHsli oOpasel OblI MCCIeI0BaH ¢
MOMOUIbI0 METO/Ia HM3KOTEMIEepaTypHOW aacopOnuu a3zoTa. Pe3ynbTaThl HcCleAOBaHUS
npeJcTaBiIeHbl B Ta0m. 1.

Tabnuya 1
Ornrcanue MOPUCTOCTH CYJIHL(UPOBAHHOTO MOJIMMEpa
Ob6pasen Sgor, MY/T S, MYr S,, M/r V, emr
CIIC MN270 . , ,
SMN270-1H 687 774 151%: 536% 687° 0,24

T 2
[Ipumeyanusi: ~ — ynenpHas IJIOMIAIb TOBEPXHOCTH IO pacdeTy monaenu t-rpaduk; “ — yaenbHas
ILIOMIA b TOBEPXHOCTH MUKPOIIOP; ° — 061wast YAeIbHAS [UIOMA b IOBEPXHOCTH.
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B xome wccnemoBanus ObuUIM TIpoaHAIM3MPOBaHBI aBa oOpasma: ucxomsbii CIIC
Mapku MN270 u cuntesupoBanubiii CIIC MN270-1H. Pe3ynpTaThl aHanm3a npeacTaBiICHbl HA
puc. 2 u 3. M3otepma HU3KOTEMIIEpaTypHOU amcopOmmu azora ans ucxomnoro CIIC MN270,
cornacHo knaccudukanmu MIOITAK (MexayHapoaHOro coro3a TEOPETHUYECKOW M MPHKIIAIHOMN
XuMHUM), otHOocuTcs K THmy |. Takwe W30TEpMBI XapaKTepHBI IS MATEPUATOB C BBICOKOU
MUKPOIIOPUCTOCTHIO.
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Puc. 2. U3otepma ancopOruu Puc. 3. U3oTepma agcopOuuu
ucxoxuoro CITIC MN270 nonydernoro SMN270-1H

TepmorpaBumerpuueckuii ananu3 cyiabpupoanHoro CIIC mnokazan, uro SMN270
crabuien 1o 200-250 °C, Toraa xak ucxonusiii CIIC MN270 pa3pymaeTcs npu Temieparypax
Bhite 400 °C u3-3a gecynbGupoBaHus.

bbulo mpoBENEHO HCCIENOBAaHUE BIMSAHUSA TEMIIEpaTypbl Ha IPOLECC TUAPOJINA3A
FeMUIIEIUTI0N03bl (KcuilaHa) B auamnaszoHe temieparyp ot 120 go 160 °C npu BpemeHu
peakuuu (1) | u. B pesynaprare yCTaHOBWJIM ONTHUMAIbHOE 3HAYEHHUE TEMIIEPATyphI
JUIsL  TUIpOJM3a KCwiaHa. bbulo mMoka3aHo, YTO MakCcMMalbHas CTENeHb KOHBEPCHH
kcunana (100 %) nocrturaercs npu Ttemmneparype 150 °C, BBIXOA KCHIIO3BI IIPH 3TOM
cocraBnsier 60,1 %. 3aBUCHMOCTH BBIXOJA KCHJIO3BI OT TeMIlepaTypbl NpeJICTaBlI€Ha Ha
puc. 4.

IToBermenne TemmepaTtypsl 10 160 °C npuBeno K 3HaAYUTEIBHOMY YMEHBIIEHHUIO BBIXOAA
KCmino3bl 10 35,6 %, 4Tto MOXKET OBITh CBSI3aHO C MpOIEcCaMH TEPMUYECKOH JAECTPYKIHH
MoHocaxapuaa. IIpu nmonmxkenun temmneparypsl 10 140 u 130 °C BBIXOJ KCHIIO3BI COCTaBHII
17,7 u 8 % cooTBeTcTBeHHO. HauMeHbIMI BBIXOA KCUIIO3bI, paBHbIN 4 %, ObLT 3aduKCHpOBaH
npu temneparype 120 °C, 4ro, O4eBHJIHO, CBS3aHO C HEIOCTATOYHON TIIYOMHOW TMIIpOJH3a
MaKpoOMOJIEKYJd  MCXOJHOrO  MOJMCaxapujaa M, COOTBETCTBEHHO, C  IpeodiajaHueM
OJIMTOCaXapUIHBIX MPOIYKTOB TUAPOIIN3a B pEaKIIMOHHON Macce.
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JIJis OIleHKM BIUSTHUSI BPEMECHH HA PEAKIUI0 TUAPOIIM3a KCHIIaHA OBLJIO MPOBEICHO IISTh
onbITOB TIpu nocTosiHHoM Temmneparype 140 °C. Bpems kaxaoro omnbita coctasisuio 0,5; 1; 1,5;
2; 2,5 4. B pe3ynbTare MpOBEACHHBIX HCCIEIOBAHUN OBLIO YCTAaHOBJIEHO, YTO MaKCHMAJIbHBINA
BBIXOJT KCHJIO3BI, coCTaBistomui 54,9 %, Obu1 qoCcTUTHYT 3a 2,5 4. [Ipu 3TOM BBIXOJ KCHIIO3BI
IPU MPOJOJDKUTENBHOCTH peakuuu 2 4 aocTur ypoBHs 53,3 %. Pesynbrarel uccinenoBaHus
MOKa3aHbl HA pHC. 5.

[Tpu ananmuse Ha BpeMeHHBIX oTpe3kax 0,5, 1 u 1,5 4 Obun 3aUKCHUPOBAHBI CIEAYIOIIHE
rokaszaresii Beixoja kcwiossl: 11; 17,7 u 22,6 % cooTBETCTBEHHO. DTH Pe3ysIbTaThl MO3BOJISIOT
CeNaTh BBIBOJ O TOM, YTO BPEMEHHOW MEPUOJ MEHbIIE 2,5 4 SBISAETCS HEIOCTATOUYHBIM IS
MOJIHOTO 3aBEpILIEHUSI Ipolecca TUAPONIN3a U JOCTHUKEHHS] MAaKCUMAJIBbHOTO BBIXOJA IEIEBOrO
MPOJIYKTA.
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JIpyriuM UCXOTHBIM CyOCTpaTOM SIBJISUICS MHYIHMH. [ Maponm3 nHyauHa ObLT OCYIIECTBICH
[0 BBILIIEYKA3aHHOW METOAMKe. DKCIEPUMEHTHl NMPOBOJWINCH NMpH Temreparypax or 100 mo
150 °C. Bpems kaxJ10ro 3KCIEpUMEHTa COCTaBIIsAIO | 4.

AHamm3 TOJYYEeHHBIX JaHHBIX MOKa3aJl, YTO MAaKCHUMAaJbHBIH BBIXOA (PYKTO3BI OBLI
nocturHyt npu Temnepatype 110 °C, cocraBus 76,4 %. JlanbHeiiniee moBbIIEHHE TEMIIEPATyphl
NPUBOAMIIO K TOCIIEOBATEIIbHOMY CHIDKEHHIO BbIxona (pykro3sl: mpu 120 °C oH cocTaBui
66,5 %, ipu 130 °C — 59,1 %, a ipu 140 °C — 41,1 %. IIpu moctmwxenuu temnepatypsl 150 °C
BbIXOA (pyKTO3bl cokpaTwica 10 22,3 %, a Takke HaOI0Aanoch 00pa3oBaHHE PacTBOPOB,
OKpAIlIeHHBIX B JKEJNTO-OYypbIii IIBET, 4YTO SABISETCA MHIUKATOPOM HAyalbHOM CTaguu
KapaMmenu3aluy GpyKTo3bl. 3aBUCUMOCTh BBIX0/1a (PPYKTO3bI OT TEMIIEPaTyphl MpeACTaBIeHa Ha
puc. 6.

JUisi OLIEHKM 3aBUCHUMOCTH BBIXOZa (PPYKTO3bI NMPH TUAPOIU3E WHYIMHA OT BPEMEHHU
peakuuu ObUIM TPOBEICHBI SKCHEPUMEHTHl Ha BpeMeHHbIX orpe3kax 0,5; 1; 1,5 m 2 u c
nocTosiHHOM TemmepaTypoii 110 °C (puc. 7).
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0T TeMueparypsl peakuuu (t =1 ) ot BpemeHnu peakuuu (t =110 °C)

IIpu MakcHManbHOM AIUTENBHOCTH SKCIIEPUMEHTa, cocTaBisitomeit 1,5 4, Habmogaercs
HAWBBICIIUN TPOIEHT BBIXOJa (GpyKTO3bl, mocturarommii 80,3 %. C yBennueHUEM BpEeMEHU
peakuuyu A0 2 4 OTMEYaeTcss HE3HAuMTEJIbHOE CHI)KEHHE JTaHHOro mnokasarens ao 79 %. B
YCIOBUAX MHPOAOIDKUTEIBHOCTH Tuaponau3a | 4 BbIXOA (pykTO3bl cocTtaBiser 76,4 %, uTo
YKa3bIBaeT Ha JOCTH)KEHHE 3HAYMTEJIBHOM, HO HE COBCEM IOJHOM KOHBepcuu cyoctpata. [lpu
cokpameHun BpemeHu a0 0,5 4 HaOmomaercs 3HAYUTENBHO MEHBIIMNA BBIXOA (PYKTO3HI,
coctasisronuii 26 %.

B kauectBe mcxomHOro cyocTtpara Tak)ke MOJBEprajach HCHbITaHUAM Leiono3a. Ilo
BBILIICONTMCAHHOM METO/IMKE OBLIIO MPOBEIEHO TPH 3KCIIEPUMEHTA 10 TMIPOIU3Y LEJII0I03b] IPH
temneparypax 150, 170 u 190 °C. Bpems kax/10T0 OIbITa COCTaBUIIO 3 Y.

IIpu BbICOKMX Temmeparypax MpOUCXOIUT TepMHUYEcKass JEeCTPYKLHUS TIHOKO3BI.
Hemnntono3a e ABISETCS YCTONYMBBIM MOJMMEPOM, TPEOYIOLUIMM MPUMEHEHHUS 3KCTPEMaJIbHbBIX
TEMIEPaTypHBIX  YCIOBUH Ui MHUIUMPOBAHUSA TMJIPOJUTHYECKUX mpoueccoB. [lpu
UCIOJIb30BAaHUN MHUKPOKPUCTAINIMYECKON 1IE€JUTI0JIO3bl, HE IOABEPrHYTOM mNpeaBapUTeIbHON
MeXaHU4ecKoi 00paboTke mepea TMApOJIM30M, ObUIM 3a(UKCHUPOBAHBI CPABHUTEIBHO HU3KHE
BBIXOJIbl TJIFOKO3bl. HanGonblnii MpoLeHT KOHBEPCUH LENIII0I03bl B INIIOKO3Y ObLI JOCTHUTHYT
npu temneparype 170 °C — 14,5 %. IIpu temneparype 150 °C BbIxo[ IUt0K03bI cocTaBui 6,3 %,
anpu 190 °C — 4,5 %. Bce pe3ynbpTarhl peicTaBiieHbl Ha pHc. 8.

CHmKeHHe BBIXOJIa TIIOKO3bl IPU YKa3aHHBIX TeMIEpPaTypHBIX YCJIOBHSIX OOYCIOBIEHO
CIIOKHOH  MUKPOKPHUCTAJUIMUECKOM  CTPYKTYpOM  LIEJUIFOJIO3BI, KOTOpas  CYIIECTBEHHO
OTrpaHUYMBAET MPOHUKHOBEHHUE THIPOJIU3YIOIINX areHTOB K MOJMMEPHOM MaTpule. JTo sIBICHHE
CBSI3aHO C BBICOKOH CTENEHBIO YIOPSJAOYEHHOCTH U IUIOTHOM YNAaKOBKOW MOJIEKYJ LEJUIIOJIO3BI,
YTO CO3JaeT 3HAUUTEIbHBIC MPEMSTCTBUS JJIsl POHUKHOBEHUSI MOJIEKYN BOJIbI M KaTalu3aropa,
HEOOXO/IUMBIX MPH THIPOJIN3€E INIMKO3UIHBIX CBS3EH.

Jlig  uccrneoBaHMs —Ipoliecca THAPOJIM3a ULEJUIIONO03bl € LEJIbI0  OMpelelIeHUs
3aBHCHUMOCTH BbIX0JIa TIIOKO3BI OT MPOJOHKUTENBHOCTH PEaKIMU MPOBETU TPU IKCIIEPUMEHTA
npu nocrosiHHoM Temriepatype 170 °C. ITpoaoKATENbHOCTh KaXA0r0 M3 ONBITOB COCTABIISUIA
2, 25 1 3 9 COOTBETCTBEHHO. AHaJM3 pe3yJbTaTOB IOKAa3al, YTO MAaKCHUMAaJbHBIH BBIXOJ
[JIIOKO3bI ObUT JOCTUTHYT NHpPHU TNPOJOJDKUTENBHOCTH peakuuu 2,5 4 u cocraBui 14,9 %.
PesynbTarsl npeacrasiieHbl Ha puc. 9.
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CoxpalieHre BpEMEHU PEaKIUu 10 2 9 MPUBEIO K 3HAYUTEIIPHOMY CHUKCHHIO BBIXOJA
[IIOKO3bI 10 7 %. DTO CHIKEHHE MOXKET OBbITh OOBSICHEHO OCOOCHHOCTSIMH MOJEKYISPHOM
CTPYKTYpPBI LEIUTIOJNIO3bI, KOTOpasi TpeOyeT ONpeAeNeHHOTO BPEMEHH Ui THIPOJIN3a
MOHOcaxapuaoB. [Ipy yBeTMUECHUH TPOJOJDKUTEIBHOCTH THUAPOIU3a ¢ 2,5 10 3 9 BBISABICHO
HE3HAYUTEJbHOE OTKJIOHEHHE B BBIXO/IaX MIPOIYKTa, KOTOpoe cocTtaBmiio 14,5 %.

B xoze ucciienoBanus mpoiecca THIPOJK3a MOJUCcaxapuaoB ObUIa TPOBEIeHa BapHallus
COOTHOIIIEHUH cyOcTpaTa M KaTaju3aropa i HaX0XICHUS ONTHMAILHOTO COOTHOIICHUS, YTOOBI
MaKCHMHU3HPOBATh BBIXOJ MPOAYKTa. Pe3ynbTaTel peacTaBieHsl B Ta0m. 2.

Tabnuya 2
BiustHue cooTHOMIEHHS «CyOCTpaT : KaTaIM3aTOP» Ha BBIXOJ MPOAYKTA
CootHomeHne Beixon kcuinossl, % Beixon ¢ppykrossl, % Beixon rimroko3sl, %
1:1 54,8 82,8 14.9
3:2 60,1 80,3 10,6
3AK/ITIOYEHHE

[Ipn wuccnenoBaHMM TMPOLIECCOB THUAPOJIM3Aa KCUJaHA, HWHYJIMHA W IEJUII0JN03bl C
UCIIONIb30BAaHUEM TBEpPAOr0 KHCJIOTHOTO Karajgu3aTopa Ha OCHOBE CYyIb(O)HUPOBAHHOTO
CBCPXCIIHUTOIO ITOJHUCTUPOJIA ObLIH HU3Y4YCHBI 3aBHUCHUMOCTHU BBEIXOJa MLCJIICBBIX IMPOAYKTOB OT
BPEMEHH PEAKIIUU, TEMIIEPATYPhl 1 COOTHOIICHUS MEXIY CyOCTpAaTOM U KaTaaru3aTOPOM.

OnTUManbHBIMU YCIIOBUSIMH JJISI TUJPOJIN3a KCUJlaHa okazaiuch Temmeparypa 150 °C u

BpeMs peakiuu 2,5 u. [Ipum Takux ycCnoBHSIX BbIXOA Kcmio3bl coctaBuwi 60,1 u 54,9 %
COOTBETCTBEHHO.
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Jlnst uHyAMHA onTUManbHas Temneparypa coctasisieT 110 °C, npu Helt BBIX0I (PYKTO3BI
coctaBui 76,4 %. Bpems peakuuu 1,5 4 obecrieunsio MakcuMalbHbIi Beixo ¢pykTo3sl — 80,3 %.

OntuManeHas TeMmiiepaTypa Ui LEJUTI0N03bl Oka3anach paBHa 170 °C, HO BBIXOJ
[JIIOKO3bI ObLT 3HAYUTENbHO HIKE — Beero 14,5 % mpu atoii temmneparype u 14,9 % npu BpemeHn
peakuu 2,5 4. 9TO yKa3bpIBaeT Ha CIOXHOCTh THAPOJIH3A IEJUTIONO3bI U3-32 OCOOCHHOCTEH ee
MUKPOKPHUCTAUINYECKON CTPYKTYPHI.

Pe3ynpTaThl 3KCIIEPUMEHTOB O TUAPOIU3Y WHYJIMHA C OTPaOOTAaHHBIM KaTalu3aTOPOM
MOKa3ajl CHIKEHUE BbIXOAa (PyKTO3bl MOUTH B JBa pas3a, UYTO, OUYEBHUJHO, CBSI3aHO C
0o0pa3oBaHMEM T'yMHUHOB Ha MOBEPXHOCTH KaTajlu3aTopa W, Kak CJIEeACTBUE, OJOKUPOBKOH €ro
AKTHUBHBIX KHCIOTHBIX LIEHTPOB.

Takum o0Opa3om, COTIacHO MPOBEICHHOMY HCCIICOBaHHIO, KaTaim3arop SMN270-1H
MO3KeT cTaTh () (PEeKTUBHON 3aMEHON TPAAUIIMOHHBIX KHCIOTHBIX KaTaIW3aTOpOB (MUHEPaTIbHBIX
KHCJIOT) B IIPOLIECCAaX THAPOIN3a KOMIIOHEHTOB PaCTUTEIbHON OnomMacchl.
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HYDROLYSIS OF PLANT POLYSACCHARIDES
USING A POLYMERIC SOLID ACID CATALYST

L.D. Panskova, E.P. Gavrilova, O.V. Manaenkov,
0O.V. Kislitsa, M.G. Sulman
Tver State Technical University (Tver)

Abstract. The article examines plant polysaccharides, some of the most common natural
biopolymers, which are of great interest as raw materials for obtaining in-demand
monosaccharides: glucose, fructose, and xylose. The most promising and readily available
polysaccharides are cellulose, inulin, and hemicellulose, all derived from plant biomass. Acid
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hydrolysis, which uses mineral acids, is a common process for converting plant polysaccharides
into sugars. However, their use is associated with a number of significant drawbacks, including
equipment corrosion, the need for disposal, and so on. Therefore, solid acid catalysts appear to be
the most promising. Their use significantly simplifies and diversifies the process, allowing it to
be applied to a wider range of reactions. Unlike liquid catalysts, solid catalysts are often
regenerable, reducing production costs and waste, and, most importantly, significantly reducing
corrosivity. Solid acid catalysts include zeolites, heteropoly acids, sulfonated metal oxides, and
organo-inorganic composites. Solid acid catalysts based on porous organic polymers hold
promise in this area. Their advantages include a high density of acid sites on the surface, low
corrosion activity, resistance to chemical and thermal influences, the ability to be functionalized,
a large surface area, and low cost due to their relative ease of production.
Keywords: hydrolysis, cellulose, inulin, xylose, hypercrosslinked polystyrene.
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