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IMonunakTun — 6MopasnaraeMblii MOJUMEDP, KOTOPBIi C KaXXIbIM FOJ0M Bce 60jiee aKTMBHO MPUMEHSIETCS
MPU TIPOU3BOACTBE MEAUIIMHCKUX U3ICINIA U DKOJIOTOJIMYECKH O0e30MacHOM YITaKOBKM. AKTyaIbHO 3a/1a-
Yeii SIBJISIeTCsl TOMCK HOBBIX KAaTAJIM3aTOPOB /11 CUHTE3a MOJIMJIAKTUIA, KOTOPhIE HE COlepKaT TOKCUYHOTO
0J10Ba 1 00€eCIIeunBaloT MoJyYyeHre MoJMMepa C KOHTPOJIMPYEMBIM KOMITJIEKCOM CBOMCTB. B ripencrasieH-
HOIi paboTe CMHTE3MPOBaH U OXapaKTeprU30BaH KaTaIUTUUEeCKMIA KOMILIeKC Ha ocHoBe TuTaHa (IV). Metonom
nuddepeHIIMaTbHON CKaHUPYIOIIel KaJTopUMETPpUM MCCIeIoBaHa KMHETUKA MojiMMepu3aluy L-naktuga B
MPUCYTCTBUM 3TOTO KaTajau3aTropa, onpeeieHa sHTanbnus peakuyu ((—125.1 £ 1.5) JIxk/T) u paccyruTaHbl KU-
HETUYECKKE MapaMeTphl ypaBHeH st Apperuyca (£, = (95.7 £ 7.5) kIlx/monb, Ind,, = 22.7 + 1.9).

Karoueesoie crosa: monunakTua, Komruieke tutana (IV), monumepusanus ¢ pacKpbITUEM IUKJIA, KHWHETUKA.
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1. BBEAEHUME

IMonunakTyua mpeacTaBisieT co00it GMOCOBMECTU -
MBIl 1 OumopasnaraeMblii ammaTUISCKUl I1OIU-
3(dup, KOTOPHI IUPOKO UCTOIB3YETCS B IPOU3BO/I-
CTBE€ KaK YIaKOBOYHBIX MaTepUaJIOB, TaK U OMOMEI-
LUHCKUX U3AENWMN: XUPYPrUUeCcKUX HUTEH, crucTeM
JIOCTaBKM JIEKapCTB, KApKacOB JIJIs1 TKAHEBOI MHXe-
Hepuu U apyrux [1—5]. BeicokoMOEeKyISIpHBIN TT0-
JINJIAKTUJ CUHTE3UPYIOT B OCHOBHOM MYyTeM MOJIMMe-
pu3aluy JJaKTUaa ¢ packpblTueM Lukia [6]. Haubo-
Jiee pacHpOCTPaHEHHBIM KaTaJu3aTOPOM SIBIISIETCS
2-3TUJITeKCaHOAT 0JIoBa. DTO COeMHEHUE XapaKTe-
pU3yeTCs BBICOKOM KaTaIUTUYECKOM aKTUBHOCTBIO U
obecrneuynBaeT CUHTE3 BBICOKOMOJIEKYJISIDHOTO TMO-
JiuMepa, OlHaKoO B MOJYyYeHHOM Martepualie TpUucyT-
CTBYIOT OCTaTKHM OJIOBa, MOJHOCTHIO M30aBUTHCS OT
KOTOPBIX 3aTpyAHUTENbHO [7]. sl MCIIOJIb30BaHUS
MaTepuajga B YMNaKOBKe IOIYCKaeTcsl CoJepKaHue
2-3THJIreKcaHoaTa 0J10Ba B rpeneiax 1 Bec.%, HO o1
OMOMEIULIMHCKUX TTPUMEHEHUI MOJUIAaKTUAA 3TOT
nokasareiib ropa3ngo Hike — 200 ppm. B cBg3m ¢
3TUM aKTYaJIbHOM 3aJadyeil SABJISIETCS MOUCK HE CO-
Jiep>XalluX OJIoOBa KaTajiu3aTopoB MOJUMepU3alun
JIAKTHJA C PaCKPbITHEM LIMKJIA.
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B nocnenHee Bpemsi B KauecTBe KaTajuM3aTOpoOB
MPEMTOXEHbl METAITTUYECKHE KOMITJIEKChI HA OCHOBE
amomuHus [8], marHus [9], nutusa [10], kanbLus
[11], manous [12], unaka [13], umpkonwus [ 14], uttpus
[15] u >xene3a [16]. HanpaBiieHHbBI AU3aiiH OKpYKa-
IOIIMX METaJIJT JUTaHAO0B MO3BOJISIET U3MEHSTh CBOIi -
CTBa METAJJIMYECKOTO LIEHTpa U MpenoTBpaiiaTh He-
KOTOpbIE MOOOYHbIE peakiuu (repearepudukanus u
peakuuu “back-biting”) [17], a Takke TNpuaaBaTh
¢yHKIIMOHAJIbHbIE CBOMCTBA MaTepualy, Halprumep
cBoiicTBO (pmyopecueHumu [18]. Komrmmirekcrs metan-
JIOB CaJICHOBOTO THUIIAa M KOMILJIEKCHI, CoaepKallie
(eHOKCUKETUMUHOBBIE JIMTaHAbl, MPOAEMOHCTPHU-
pOBaJIM BO3MOXHOCTb CTEPEOKOHTPOJIUPYEMOI T10-
JuMepu3aluu Jaktuga [19].

B kauecTBe KaTaau3aTOpOB MOJIMMEPU3ALIUU 11TV~
pPOKO MCHOJIL3YIOT KOMIUIEKCHl TUTaHa, Hampumep
MPY IPOU3BOACTBE MOJUITUIEHA C KOHTPOJIUPYEMOT
CTPYKTYpOit 1 MoseKyasspHoii maccoit [20]. HemaBHO
coobmanoch [21—23], 4To pa3aIu4HbIE KOMILICKCHI
TUTaHA MPOSBJISIOT KATAIUTUYECKYIO aKTUBHOCTD U B
MOJIMMEPU3aLMU JTaKTUAA.

B pa6orte [20] n3yyasii KUHETUYECKUE XapaKTepU-
CTUKMU peakiiuy rnojammMepusaimu D,L-nakTuna B npu-
cyTcTBUM OUC(3,5-1u-mpem-OyTUICATMLIWIATbAECTUA -
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co-3TaHosiaMuH)-komriekca TutaHa (IV) Ti(Tbse), u
OEH3MWJIOBOro crupTa. Peakuuio IIPOBOIMIM TIpU
temmieparype oT 130 go 160°C B TeueHue 4—24 4.
MakcuManbHasl cTeneHb KOHBepcuu oL = 96% mocTu-
rajach 3a 26 4 mpu 160°C. Ha ocHOBaHMM aHaiIM3a
KMHETUYECKHNX KPUBBIX OBLIIM OIIpeAcieHbl YaCTHEIC
MOPSIIKY PeaKIVU: TIEPBHIA MOPSIOK MO KATAIN3aTO-
py, BTOpPOii — 110 MOHOMepY. bblIn paccunTaHbl na-
paMeTpbl ypaBHEHUSI AppeHuyca: SHEprusl aKTHuBa-
nuu coctaBwia 77 KK/MOJIb, IPeI3KCIIOHEHIINAIb-
HBLA MHOXUTEND — 3.3 - 10" )12 - Mop =2 - u=2.

B pa6ore [24] Ob11 cMHTE3UMpOBaH OM-TUTAHOBHIN
KaTtaJm3aTop M MCCIenoBaHa KMHETHKA TTOJIMMEepH-
sauuu D,L-naktuaa. [TokaszaHo, uto mpu 160 °C paB-
HOBeCHasI CTelleHb MpeBpamieHust o = 96% mocrtura-
ercs 3a 16 4. [TonTBepKIeHO, YTO peakLys MOJIMMEPU-
3allMM MPOTEKaeT IO TpeTbeMy IOPSIKY: BTOPOI
TOPSTIOK TI0 MOHOMEPY, TIEPBhIil — IO KaTaJIn3aTopy.
DHeprust akTUBalK cocTaBuiia 96 KI3kK/MoJIb.

OmauM n3 3¢pEHEeKTUBHBIX METOHOB, TTO3BOJISIIO-
WX ONpPeAesaTh TEpPMOIUHAMUYECKIE U KUHEeTHYe-
CKH€ mapaMeTpbl XMMHYECKUX DPeaKIWii, SIBISIETCS
MeTon nuddepeHINATILHON CKaHUPYIOIe KaJIopH-
Mmetpuu (JICK). Cpeny mpouynx METOI0OB UCCIEA0Ba~
HHSI OH BBIIEISIETCS TOYHOCTBIO, BBICOKOII CKOpO-
CTBIO U IPOCTOTOM IMTPOOONOATOTOBKM, YTO TAET BO3-
MOXXHOCTb M3y4aTh MPOTEKaHUE OBICTPBIX pEeaKIIUiA.
DTOT MeTOHd MO3BOJISIET BCETO 32 OMUH 3KCIIEPUMEHT
nosryuanTh KpuByto JICK, a 3aTeM M KMHETHYECKYIO
KpUBYIO Tpoliecca TMoJuMepusaiuu, B OTJIUYUe OT
KJIaCCUYECKOTro MeToaa oToopa nmpo6. C npuMeHeHN -
eM Metona JICK HamMu paHee yXXe OBIJIM MCCIEIOBa-
Hbl KUHETUYECKUE 3aKOHOMEPHOCTU U OmpeaeeHbl
TepPMOIMHAMMYECKHE ITapaMeTphl ITOJIMMEpU3aLNU
JIaKTHAA B IIPUCYTCTBUM psifa KaTaIM3aTOPOB: OKTO-
ara ojoBa [25], HMHK-TYaHUAWHOBOTO KOMILJIEKCa
[26] n ateTunaneToHaTa IMpKOHUS [27].

B Hacrosieit paboTe TpencTaBlieH METON CUHTE-
3a komruiekca Ti(Tbse), Turana (IV) — katanuzaropa
noauMmepusauuu Jaktuga. Mertogom I CK mccieno-
BaHA KMHETHKA MOJMMepU3aluu L-1akTtuma B mpu-
cyrctBuu Ti(Tbse), mpu pa3nuuHbIX TeMIiepaTypax,
paccuuMTaHbl TTapaMeTpbl ypaBHEHUsI AppeHuyca —
SHEPrUsl aKTUBALMU M NPEI3KCIOHEHIIUAJIbHbBII
MHOXUTEb.

2. DKCIIEPUMEHTAJIBHAA YACTDb

s monuMepu3aly HCIoab3oBaim L-makTung
npousBonacTsa pupmsl “Corbion” (Netherlands), ko-
TOPHI OT TIpUMeceil BOIBI OYUINAIA TTepEeKPHUCTAN-
Jm3anmeit B oyrunanerare Mmapku “OCY” mpou3Bo-
ctBa pupmsl “KomnoneHT-Peaktu” (Poccus), a 3a-
TEeM CYIIWJIN B BaKYyMHOM ITKady IpU KOMHATHOM
temIieparype. J1st chHTe3a Kataim3aTopa NCTIOIb30-
Baju 3,5-1U-TpeTOyTUICAIbLIMIOBBIN abaeTyI TPO-
n3BoacTBa pupMmbl “Sigma-Aldrich” (USA), MmoHO-
astaHojamMuH (“Sigma-Aldrich”, USA) u n3onpomnok-

cun tutaHa (“Sigma-Aldrich”, USA). B kadectBe
pacTBOpuUTeieil UCIIONb30BAJIM aOCOMIOTUPOBAHHBIN
ataHon (“Sigma-Aldrich”, USA) u Tojyon mapku
“OCY” (“KommnoHeHT-Peaktus”, Poccus).

KuHeTuky nonmmMepusanuu L-akTuaa ucciaeno-
BaJiu Ha AuddepeHIInaTbHOM CKaHUPYIOIEM Kalo-
puMeTpe KomreHcaoHnHoro turna DSC8500 mpous-
BomctBa komnanuu PerkinElmer (USA) B u3orepmuye-
ckoM pexume. Peakiyio mpoBoauiayd B TOKE a3oTa
(20 Mi/MuR) Tipu TeMrepartype ot 145 mo 180°C. Tou-
HOCTh OIpeAeJieHUsl TeMIlepaTypbl COCTaBJisiia
0.1°C. PeaklIMOHHYIO CMECh TOTOBUJIU CJIEAYIOIIUM
00pa3zoM. XMMUUYECKYIO MOCYAy Mepea UCIoIb30Ba-
HUeM TpokanuBaiu mpu 120°C B BaKyyMHOM IIIKa-
¢y. B KOHMYECKYIO CTEKIISTHHYIO KOJIOY OOBEMOM
25Mn BBomwiIM 21 Mmmonp L-naktmpa, 3ateM —
0.42 MMoOJIb MHUIIMATOPA Y TIIATEJBHO IEepeMeIln-
BaIv 1ratesieM B TedueHue 10 MmuH. HaBecky peakim-
OHHOII cMecu TOMellaJIu B aTlOMUHUEBbIA TUTETb
00beMoM 50 MKJT ¥ TepMETUYHO 3arevyaTbiBajiu eTo ¢
rnomoliipio npecca. HaBecku B3BelIMBaIM Ha DJeK-
TpoHHBIX Becax SartoriusCPA225D ¢ TOYHOCTBIO 10
0.01 mr. 3anuck kpuboit ICK BkiItouana Tpu 3Tamna.
Ha nepBom 3Tane npoBoauiu HarpeBaHue oT 30 10
120°C co ckopocTbto 20°C/MUH 115l TIOJy4eHUsI OJl-
HOPOMHOTO pacruiaBa (TeMmIiepaTypa TjaBjieHus: L-
JmakTuaa cocrapisieT 96 °C), 3aTeM ClIeaoBajio HarpeBa-
Hue ot 120°C no TeMnepaTypbl peakLiMi CO CKOPOCTBIO
100°C/MuH, U ganee Mmpoliecc LIej B U30TECPMUUESCKOM
pexuMe B TeueHue 6 4. [epMeTUYHOCTh TUTJIEil KOH-
TPOJIMPOBaJIM IyTeM B3BELIMBaHUSI OOpaslia Tocie
OKOHYaHUs u3MepeHusi. O6paboTKa SKCIEepUMEHTab-
HBIX TAaHHBIX TTPOBEJIEHA C TOMOIIIBIO TTaKeTa MPUKJIIaA-
HBIX TIpOrpaMM TepMWYECKOTro aHaimm3a PyrisSoft-
wareThermalAnalysis Bepcun 10.1.0.0412 xommanumn
Perkin-Elmer.

CTpoeHMe CMHTE3UPOBAHHOTO KOMILJIEKCa U CTe-
MeHb TMpeBpallleHUusT MOHOMepa OMNpeaessii MeTO-
JTOM TIPOTOHHOTO MarHWTHOTO pe30HaHca C UCITONb-
3oanueM Impubopa VNMRS 700 npousBoacTBa
komnaHnuu Varian-Agilent (USA) mipu KoMHaTHOI
TeMriepatype u paboueit yacrore 700 MIu. 3Haue-
HUE KOHBEPCUU PACCUUTHIBAIMU I10 HMHTErpajbHOM
WHTeHCUBHOCTU curHajioB CH-rpynn MoHoMmepa
(6 =5.06—5.13 m.1.) 1 moimumepa (6 = 5.19—5.30 m.1.).
INpenmosaraemMoe cTpoeHNEe TUTAHOBOTO KOMILIIEKca
MTOATBEPKAATN METOMOM WH(MpPaKpacHOU CITEKTPO-
CKOIINU C UCITonb3oBaHneM KoMruiekca MK-dypbe-
cnektpockonuu Nicolet iS5 (“Thermo Scientific”,
USA).

DJEeMEeHTHBIN COCTaB CUHTE3UPOBAHHOTO KaTalu-
3atopa Ti(Tbse), aHaIUM3UPOBAJIM METOJOM CXUTa-
HUS B 2JiIeMeHTHOM aHanu3aTope EA 1112 (“Thermo
Finnigan Italia S.P.A”, Italian). I[IpomnyKTbl cropaHus
(CO,, H,0, NO, u ap.) aHaIM3UPOBAIM METOJIOM Ia-
30BOM xpoMmartorpacdum (xpomarorpad Ta30BBIA
6890N dupmer “Agilent”, USA).

XUMUNYECKAA ®U3UKA Ne 7
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Puc. 1. Cxema cunresa Ti(Tbse), u3 3,5-11-TpeTOyTUICAIBLAIOBOIO ajIbAeruaa: 1 — 3aMeleHHbII CaIMLIVIIOBBIHA albleru,

2 — ocHoBanue udda;

TemnepaTypHyI0 CTaOMJILHOCTH KOMILJIEKCA TUTA-
Ha OLIEHMBAJIM METOAOM TE€PMOTIPaBUMETPUIYECKOIO
aHaim3a Ha npubdope Pyris 1 TGA (Perkin-Elmer,
USA) B nuHAaMHW4YEeCKOM pexXnme B auamna3zoHe ot 30
1o 700°C co ckopoctbio HarpeBa 10°C/MUH B TOKe
azora yactoroi 99.999% (100 mi/mMuH). Micionb3oBanu
CTAaHOAPTHBIA OTKPBITHIA TUIATUHOBBINA TUTEb — AEP-
Xatenab 00pa31oB. TOYHOCTH OTIpeieIeHUS TeMIIepa-
Typhl 0.1°C. TouHnocts BecoB — a0 0.001 mr. O6pa-
00TKa 3KCIEePUMMEHTANIBLHBIX HAHHEBIX IIPOBEIeHA C
IMMOMOIIIBIO MaKeTa MPUKJIATHBIX IIPOrPaMM TepMUYEC-
ckoro aHanu3a PyrisSoftwareThermalAnalysis Bep-
cum 10.1.0.0412 xomnanuu Perkin-Elmer.

PE3YJIBTATBI 1 UX OBCYXKIEHUE
Cunmes u xapaxmepu3sayus Ti(Thse),

CuHTeTUYeCcKasl IoCJIef0BaTEIbHOCTD ITOTyYeHUS
TUTAHOBOTO KOMITJIEKca MpeacTaBlieHa Ha puc. 1. B
OCHOBE CHHTEe3a JICXKUT OINMMCAHHBIA B padote [21]
METOH, KOTOPHI ObLI MOAMGUILIMPOBAH ISl YBEJIM-
yeHUs1 Bbixoga ocHoBanus lludda u, xak cien-
CTBUE, — LIJIEBOTO MMPOAYKTA.

IlepBas crangms. B Tpexropiyio Kooy 100aBIIsIN
3,5-au-TpeT-OyTWIICAIUMLMIIACI U B KOJIMYSCTBE
25 MMOJIb U aOCOIIOTUPOBAHHLII 3TaHOJ 0OBEMOM
30 mu1. ITocye iepeMemInBaHus B TedeHUe | 9 110 Karr-
JISIM 106aBJISUIA 25 MMOJIb MOHO3TaHOJTaMuHa. Peak-
UOHHYI0O cMech KUIATWIM Ipu 80°C ¢ oOpaTHBIM
XOJIONWJILHMKOM B TOKe aproHa (1.5 Myi/MuH) B Teue-
Hue 4 4, a 3aTeM OXJIaXKIaJIu 1O KOMHATHOI TeMIiepa-
Typbl. COUPT yIapyuBaJii Ha POTOPHOM HCITapUTEe.
IMponykr xxentoro uBera (ocHoBanue Iludda) kpu-
CTAJNIN30BaJIV MPU MOHUXEHHO# TeMIiepaType U Cy-
LW B TedeHUe 24 4 TIpU KOMHATHOI TeMIlepaType
Y MOHMXEHHOM AaBlieHuU (Bbixon — 95%).

XUMUNYECKAA ®U3UKA
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3 — M30MPOTIOKCH, TUTaHAa, 4 — UMUHO-(heHOKCHIbHBII KoMITteke Ti(Tbse),.

Bropas crangus. K pactBopy ocHoBanus IlIngdpa
B KosmuectBe 10 MMOJBb B TOJIyoJie oObeMOM 15 M
JI00ABJISLUIN 5 MMOJTb U30TIPOIIOKCUIA TUTAHA B TOKE
aprona (1.5 myi/mun). CMech nepeMelIMBaIi B TeUe-
HHe 24 4 Ipy KOMHATHOM TeMriepartype. SIpKo-xemn-
TO€ TBEPIOE BEIIECTBO IMOJydYaJu MOCie ynaJeHUs
TOJyoJIa TIPY TIOHIDKEHHOM HAaBJICHUW. TWTaHOBBIN
KOMIIIEKC BRIKPUCTAJUTU30BBIBAIM U3 PACTBOpa TeK-
cana (20 mur) ipu —30°C (Bbixon — 90%). CTpyKTypy
MTOJTy4eHHOTO KOMIUIEKCa MOATBEPKIAIN METOIaMM
AMP- u UK-crniekrpockonuu. Criekrp AMP cuHTe-
3MPOBAHHOTO TUTAHOBOTO KOMILIEKCA TpeacTaBIeH
Ha puc. 2.

Ha ocHoBaHMU IUTEpaTYpHBIX JAHHBIX O XUMUYe-
CKMX CIIBUTAX U CMELLIEHUHU BJIEKTPOHHOM MJIOTHOCTHU
[28] ObUIO HOKa3zaHO MpearnojaraeMoe CTPOEHHUE
Ti(Tbse),. CTOUT OTMETUTDb, YTO HA CIEKTPE pasiu-
YMUMBI CUTHaJIBI B Trana3oHe 7.12—7.25 M.1., 4To To-
BOPUT O HAJIMUMU OCTATKOB TOJIyoJla B CUHTE3UPO-
BaHHOM KOMILJIEKCE.

MNudpakpacHbIe CIEKTPHI ITOTYIYCHHOTO OCHOBA-
Hug Hludda wm MeTtaaamyeckoro KOMILIEKCA
Ti(Tbse), ipencrasireHs! Ha puc. 3. I1omocsr mpu 1620

u 1280 cm~! GuUM OTHECEHBI K UMMHHOMY (—CH=N-)
U BaJIEHTHOMY KOJIe0aHUSIM (heHOJIbHOTO TUIPOKCU-
na (Ar—QO) cooTBeTcTBeHHO. OTCYTCTBUE IIMPOKOM
nosiocsl B tranaszone 3100—3500 cm~! monTBepxmaer
npssMoe B3ammojeiicteue atomoB O ¢ atomoM Ti B
TUTAaHOBOM KoMiuiekce (1 Ha puc. 3), a BHOBb BO3-
HUKIIMHA 1K rpu 550 cM~!' cBumeresnbecTBYeT 00
YCIEUIHOM KOOpAUHALIMU MeX 1y aToMaMu N B OCHO-
BaHuu [Iudda (2 Ha puc. 3) u atomom Ti B U301po-
MOKCHUJIe TUTaHa.

ITocpencTBOM 3JIEMEHTHOTO aHaIM3a OBLIO OIpe-
JleJIeHO TIPOLIEHTHOE coiepkaHue 6a30BbIX dJIeMeH-
TOB B UICXOOHOM o6pa3sie Karaiausaropa: C — 67.19%,
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Puc. 3. UK-cnextps Ti(Tbse), (1) n ocnosanus Hnddda (2).

H —8.32%, N — 4.69%. PacueTHO€E IIpOLIECHTHOE CO-
JIepKaHue IIPU 3TOM IPAKTUYECKH MOJTHOCTHIO COB-
nagaeT ¢ sKcrepuMeHTaabHbBIM: C — 68.21%, H —
8.42%, N — 4.68%.

Tepmuueckyio ctabusbHoCTb Ti(Tbse), onleHnBa-
JIU METOAOM TEepMOIPaBUMETPUUCCKOTO aHalu3a
(TTA). Ha xpuBoit TT'A BUTHBI IBe CTagu OSCTPYK-
nuu. Iepsag cragus npu 110—140°C cooTBEeTCTBYET

uctapeHuio toiayona (0.5%), comepkaHnue KOTOPOTO
B 00pa3sie 6bu10 noaTBepxkacHo AMP-uccienoBaHu-
amu. Bropasg cragusg npu 225—350°C oTHOCUTCS K
paznoxenuto Ti(Tbse),. Takum obpazom, ObLUIO TTO-
Ka3aHo, YTO COeINHEeHNe cTabmiabpHO 1o 225°C. DTo
no3posisieT ucnoib3oBarb Ti(Tbse), B KauecTBe KaTa-
JIM3aTopa ISt NOJIMMEepU3allii JIAKTHIA B paciuiaBe B
COOTBETCTBYIOIIEM ITHAMa30He TeMIIEpaTyp.
XUMUNYECKASA ®U3UKA
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Puc. 4. Kpussie ICK monumepusanuu L-TakThaa B M30TEPMUIESCKOM PEeKMME TMPH Pa3HbIX TeMITepaTypax peakimu, °C: [ —
180, 2 — 170, 3 — 160, 4 — 155, 5 — 150, 6 — 145. KoHueHTpaLus Kataau3aTopa — 2 MOJIbH.%.

Kpuevie JICK 015 peaxuuu noaumepuszauuu
L-aaxmuoa

IMonumepuzanus L-naktuaa ¢ pacKpbITUEeM LIUK-
Jla — 3K30TepMuuecKasi peakius. Kaxnplit akT pac-
KPBITUS 1IMKJIa MOHOMEpPa U MPUCOEIUHEHUS K pac-
TYLIEH 1LIeTM COIMPOBOXIAETCSl BbIAEJIEHUEM Terlia,
YTO MO3BOJISIET UCCIEA0BATh peaKIInIo B Tueiike nud-
¢depeHIIMaIbHOTO CKaHUPYIOIIETO  KajJopuMeTpa.
Kpussie JICK (puc. 4) nid peakuuu nojuMepu3a-
uuu L-nakTtuna B MPUCYTCTBUM TUTAHOBOTO KOM-
TUIeKca TMOayvyalii B U30TEPMUYECKOM PEXUME B MH-
TepBane Temreparyp 145—180°C. ba3zoByio JIMHUIO
MPOBOVJIV TOPU3OHTAJIBHO, a €€ YPOBEHbB OTPEACIISUIU
M0 BEJIMYMHE MOIIHOCTHU TEIJIOBOTO TOTOKa MOCIe
OKOHYaHUS peakuuu. [lnomans mmka coOOTBETCTBYET
Ter1IoBoMy 3(hdeKTy noamMepusaliud Npu 3aJaHHOMN
crerneHU KoHBepcuu. ITockobKy o0Opa3yroiuiics B pe-
3ybTaTe peakuuu noau(L-makTum) xapakTepusyeTcs
TemIteparypoii rasiaeHus 170—180°C, To npoBeneHue
SKCIIepuMeHTa pu Temmeparype 145—150°C moxker
COMPOBOXIAThHCS KpUCTAJIM3allMeit TpoayKTa peak-
LU C BeIAeIeHUeM Teruia. B Takom ciyyae Ha JJCK-
KpUBOM OyaeT HaOMIOHAThCS CYMMAapPHBIN TETIOBOM
3¢ deKT moIuMepru3alul U KPUCTAIUTM3AINHA, 9TO
3aTPYyIHUT JalibHelilnyo o6paboTKy KpuBbiX. C 1ie-
JIbIO ompeaeieHus] CTeNeHU KPUCTAUIMYHOCTU B
MPONIYKTE peaklnu, IMoJiydeHHOM Tipu 145°C, Heno-
CPEICTBEHHO MOCJe OKOHYaHUS KCNEepUMeHTa (He
oxJiaxaasi oopasell) MPOBOIWIN €r0 aHAJIU3 METOIOM

XUMUYECKAS ®PUIUKA Ne 7
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ACK B pmHamudeckoM pexume (ot 145 mo 220°C
npu ckopoctu HarpeBa 10°C/muH). DHoorepMuye-
ckuii 3deKT mIaBIeHus oOHapyKeH He ObUT (puc. 5),
YTO MCKJIIOYaeT BO3MOXHOCTU KpUCTAUIM3alUN
MPOAYKTa B U30TEPMUYECKOM TIpolLiecce. DTOT BBIBOLL
Takke MOATBEPXKIAeTCsl OJU3KMMU 3HAUYEHUSMU TeTl-
JioBoro 3¢ dekTa moauMepr3alium, MpoBeIeHHON Kak
ripu HU3KUX (145 °C), Tak 1 mpu BIcoKMX (220°C) Tem-
neparypax. Takum ob6paszom, Ha JJCK-KpuBbIX Ha-
OJTIoaeTCsI MCKITIOUYNTEIEHO 3K30TEpPMUYESCKUN 3 -
dexT peakiuu.

Benuuuny sHTanbnuu nonumepusaumu, AH, — g0,
COOTBETCTBYIOLIYIO CTeleHU KoHBepcuu o = 100%,
PacCUMTHIBAIM U3 OTHOIIEHUS TEeIUIOBOro 3 deKkra
peakLU K U3MEPEHHOM BeJIMUYNHE CTENIEHU KOHBEP-
cuu. I[lyreM ycpeaHeHUsI 3HAYEHU SHTAIIBITUU BCEX
SKCIIEPUMEHTOB OBLIO TIOJIyYeHO 3HAaUeHUE, paBHOE
(—125.1 = 1.5) Ix/t (Tabm. 1). B padote [26] skcme-
PUMEHTAILHO HalIeHHOE 3HAYeHUEe SHTAJBIINU 10-
BOJIbHO OM3K6 U cocrtasiser (—131.9 + 3.5) JIx/T.
KoHeuHble 3HaUYeHUsI CTETIEHU KOHBEPCUM ISl BCEX
00pa3IoB COCTABIISLIA IIpUMEPHO 96—98%.

ITyrem nnterpmpoBanus KpuBbix JJCK 0111 110-
JIydeHbl KMHETUYECKHE KpUBbIC IMMOJUMEpU3aLNU
MpU 3aJaHHO TeMIlepaType npolecca (puc. 6a). Ot-
CYTCTBHUE PE3KOTO Hayajla Ha KWHETUYECKUX KPUBBIX
MOXET OBbITh CBSI3aHO CO CTEPUYECKUMU TPYIHOCTSI-
MU, BBI3BAHHBIMU OOBEMHBIMU JIUTAHIAMU KaTalr-
3aTopa, 3aMeUISTIONIMMU 00pa3oBaHWE AKTHBHBIX
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Puc. 5. Kpusas [ICK o6pa3sia noau(L-1akTuna), cuHTe-
3UPOBAHHOTO ITpu TemmepaTtype 145°C. Harpes unuuun-
pOBaJIM HEMOCPEACTBEHHO TOC/Ie OKOHYAHUSI IKCIEPU-
MEHTa 10 MoJrMMepu3aluu, 0e3 oxJaaxXaeHWsi oopaslia.
JArHaMUYeCcKUit pexkuM, TeMITepaTypHbIi AMana3oH — OT
145 no 200°C, ckopoctb HarpeBa — 10°C/mMuH.

HEHTPOB peaknu. M3 puc. 6a BUTHO, 9TO C yBeJIMIe-
HUEM TeMmepaTypbl peakiius yckopsiercss. Hampu-
Mep, npu 145°C npenenbHasi KOHBEPCUST JOCTUTAET-
cst yepes 300 muH, a ipu 180°C — yxe yepe3 75 MUH.

Kunemuueckue napamemput noaumepuszauuu
L-aaxmuoa

CyliecTBylole MOACIN XUMUYECCKUX peaKInit
MOTYT OBITb CBeleHbl K TPEeM OCHOBHBIM TUIIaM:
YCKOPAIOIIMMCH, 3aMEMIAIOIIUMCSI U CUTMOUAAIb-
HBIM (MHOTJA TaKXe Ha3bIBaeMbIM aBTOKATaJIUTUYe-
ckumu) [29]. Beibop KMHETHUYECKO MOJENN peak-
U TIoJMMepu3alluu TIpearoiaraeT u3yyeHue xa-
pakTepa 3aBUCUMOCTU CTENEHU KOHBEPCUM OT
BpEeMEHU U CKOPOCTM peakluu (do/df) oT creneHu
KoHBepcuu. B ciydyae nmonmmepusanuu L-naktuna
nox, neiicteueM Ti(Tbse), Bce MHTErpajibHble KUHE-
TUYECKUE KPHUBbIE MMEIOT S-00pa3Hblii xapakTep
(puc. 6a), a 3aBUCUMOCTH d0./dt OT CTETIEeHU KOHBEP-
CHU MPOXOIAT Yepe3 MakcuMyM (puc. 66). IToatomy
KUHETUYECKOE YpaBHEHME JJIsI CKOPOCTH TTOJIMMEPU -

MOCKBHWYEB u np.

CrerneHb KOHBEpPCHUU

Il Il Il Il Il Il
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Puc. 6. Kunernueckue KpuBbie (a) U rpadpuKu 3aBUCU-
MoctH do,/dt OT cTerieHd KOHBepCcUu (0) 1Tl TTOJIUMEPH -
3anuu L-nakTtuoa npu temneparypax ot 145 mo 180°C:
1—180, 2— 170, 3 — 160, 4 — 155, 5— 150, 6 — 145.

3auuu L-1akruma cBOOUTCS K CUTMOUIAIBHOM MOJIE-
yu. HavanbHag u KoHedHas cTaguu mpoliecca Je-
MOHCTPUPYIOT YCKOpSIOILIeeCcs M 3aMeIsiolieecs
MOBeIEHNE COOTBETCTBEHHO.

Tabauya 1. TepmoaunaMuyecKue M KMHeTHYECKHe napaMeTpbl nommepusauuu L-naktuna non neiicteuem Ti(Thse),

T,°C Crenenb kousepcuu, % | AHy, — 19995, JAX/T n m n+m Ink,,
145 97.5 —123.0 1.11 0.58 1.69 —3.70
150 97.2 —124.2 1.05 0.56 1.61 —3.48
155 96.9 —124.9 1.06 0.53 1.59 —-3.05
160 96.6 —125.0 1.09 0.55 1.64 —2.68
170 96.4 —126.5 1.15 0.53 1.68 —2.40
180 95.9 —127.1 1.12 0.56 1.68 —1.50

XUMUYECKAA ®U3UKA  tom 42 Ne 7 2023
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Puc. 7. I'padbukm 3aBucumoctu In(da/df) ot In(1—o) — a
u In{(do,/dr)/(1—0)"} ot Inot — 6 mist monumepusauuu L-
JlakThAa npu Temmeparypax ot 145 go 180°C. O6o3Haue-
HUS TE Xe, YTO M Ha puc. 5.

HaubGomee obiieit 1 yHUBepCaaIbHOW CUTMOWIATb-
HOM MOIENbIO B IToTmMepHoit xumui [ 30] stBiasieTcs K-
HeTuueckast monenb Cecraka 1 beprrpena [31]:

‘Z_‘txz k(T) f (o) = ko (1- )",

I1e n 1 m — KUHETUYECKUE TIoKa3aTeIn peakliuu, a
n+ m — obmuit mopsiAoK peakiuu. B ciyyae peak-
MU mnoauMmepusauuu L-naktuna moa neificTBueM
Ti(Tbse), B BeIpaxkeHUE J1s1 CKOPOCTU peaKIUu Clie-
JIyeT 100aBUTh KOHILIEHTpalnio KaTaau3aropa [1], To-
rma cymMmma n + m OyaeT xapaKTepu3oBaTb YaCTHBIN
MOPSIIOK 110 MOHOMePY. 7151 yIIpollieHUsT ypaBHEHUS
3HaueHus k u [I]¥ oObenuHsIOTCS B 3(PhEKTUBHYIO
KOHCTaHTY CKOPOCTH MOJIMMEPU3ALINH (K,):
XUMUYECKAS ®PUIUKA Ne 7
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11’1kef
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Puc. 8. 3aBucumoctb AppeHuyca il MOJMMepU3aluu
L-naktuna npu temieparypax ot 145 go 180°C.

4% _ ko (1- o) [1]f =
dt
3HayeHUE 1 MOXET OBITH OIIPCACIICHO N3 TAHI'CHCA

yIJla HaKJIOHA 3aBUCUMOCTHU (puc. 7a):

n

efam (1 - (X’)

do m
1n(—) =In(k,a" )+ nin(l—a).
o) = In(kyo”) + nin(1-0)
3HaueHUsT n MIPU BCEX UCCIAEAYEeMBIX TeMIlepaTypax
noJauMepu3anuy npuMepHo paBHsbl 1.09 (Tabi. 1).

Ins onpeneneHus m u Kk, BbIpDaKEHUE IS
In(do/dt) nepectpauBalot B cienytoliee (puc. 70):

dojdr | N ln
ln{m}—l (k) +mIna.

3HaueHUsT m TPU BCEX UCCIIEeIyeMbIX TeMIlepaTypax
noJvMMepU3aliuy npuMepHo paBHbl 0.55 (Tad. 1).

Takmm 00pa3oM, YaCTHBIN ITOPSOOK PEeaKIINU I10
MoHoMepy (n + m) paBeH 1.62, a ypaBHEHUE 151 CKO-
pOCTH peakuMu NojauMepusanuu L-makTuga nomn
neiicreueM Ti(Tbse), coracHo cUrMoUaaIbHOK MO-
JIeJIU TIpruoOpeTaeT BULL,

Ha ocHoBaHMM moJTy9eHHBIX KOHCTAaHT CKOPOCTU
(Tabis. 1) ObLIa TOCTpOEHA 3aBUCUMOCTbh AppeHuyca
(puc. 8), Mo TaHT€HCY yIJIa HAKJIOHA IIPSIMOI OoITpee-
JIeHa 3Heprusi aktuBauuu £, a Mo ee nepeceyeHuto ¢
OCBIO OpIMHAT — HaTypabHBIN Jloraprudm 3pPeKTUB-
HOTO IPEI3KCIIOHEHIIMATbHOIO MHOXKHMTEIS, INA,/

E, =(95.7£7.5) xkIx/Moub,
InA, =22.7+1.9.
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BenmmunHa sHeprum akKTWBAIIMU TIPU TIpOBEIE-
HUM TOJMMEPU3ALIMA B TPUCYTCTBUU Haubosee
pacnpoCTpaHEHHOTO KaTaju3atopa 2-3TUJrekca-
HoaTa ojioBa 3ameTHO Hmxe: (50 = 5) xIX/Moab
[26], (45 £ 5) kx/Monb [27]. TeM He MeHee MOXKHO
00eCcTeYnTh JOCTATOYHO KOPOTKOE BpeMsI peaKIIny 1
KOMITEHCUPOBAaTh HEAOCTATOK KaTaJUTUYECKOIl akK-
THUBHOCTH MPEIIOXKEHHOTO KaTan3aTopa ITyTeM Hc-
ITOJIb30BAHMSI €T0 BBHICOKOIT KOHIIEHTpAIlM, 9YTO He-
BO3MOXHO B CJTy4ae 0JIOBOCOIepXKAIlINX KaTaau3aTo-
pPOB 13-3a X TOKCUYHOCTH.

3AKJTIOYEHUNE

MoauduumpoBaHHBIM METOJOM CUHTE3a TOJIy-
yeH Katanutuueckuii komruieke Ti(Tbse),, cTpykTy-
pa KoTtoporo moarBep:xkiaeHa metogamu AMP, UK-
CIEKTPOCKOIIMU U 3JIEMEHTHOTro aHaiu3a. [TokazaHa
a¢ddekTnBHOCTh ucIonab3oBanus meroga JACK mus
HCCIeN0OBaHUS KUHETUKU MoJauMepusaluu L-nak-
tuna B npucyrcrsuu Ti(Tbse),, Mo3BoSUBIIETO HE-
MOCPEACTBEHHO U3 3KCMEPUMEHTA TMOJYyYUTh KUHE-
TUYECKUE KPUBbIE Y 3HAUCHUE DHTAJIBIIMU pPeaKIIUU.
OmpeneneH TeruioBoi 3¢ dekT noaumepuzauuu L-
JIakTUaa, Kotopbiii cocraBua (—125.1 = 1.5) JIx/r.
PaccuuTtansbl cieayoiie KUHETUYECKUE TTapaMeTphbl
ypaBHeHUs1 AppeHuyca: E, = (95.7 £ 7.5) xI>x/MoJb,
InzA4,,=22.7 £ 1.9.

Uccnengoanus meromamu I'TIX, MK-crmekTpo-
ckonuu, AMP, TTA u JICK nposenensl B Pecypc-
HbIx HeHTpax HUI “KypyaToBcKuit MHCTUTYT”.

PaGota BeInoIHEHA MPU MOAIEP>KKE BHYTPEHHETO
rpanta HUIl “KypyaTtoBckuii mHCcTUTYT” (IpHKa3
Ne 2755 ot 28.10.2021 r.).
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