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JlocripkeHo peakii amixyBaHHs e-KalPOJIAKTOHY Ta O-BaJIEPOSIAKTOHY B IOTOLI aMiaKy, BOIHIO i
BOJLTHOI ITapH Ha MiZIbBMICHHX KaTastizaropax 3a 250-280 °C. IToka3aHo, 1110 CHiBBiHOLICHHS pe-
areHTiB 1 TPUBAIICTH KOHTAKTY iCTOTHO BIUIMBAIOTH HAa BHXIJ JIakTamiB. BusBneno, mo Cu/ZnO—
AlLOs-katamizarop 3abesmneuye 90 % KOHBEpCirO O-BaJIepONAKTOHY 3 celeKTHBHICTIO 80 % 3a 6-

BaJICPOJIAKTAMOM.

Jlakramy — UKITIYHI amMiTy amiaTHIHIK aMiHOKHACTIOT
— BUKOPUCTOBYIOTH 31€OUIBIIOr0 SIK MOHOMEPH ISl BUPO-
OHuiTBa nomiaminis [1]. e-Kanponakxram € Haiinommpei-
MM MOHOMEPOM Uil OTPUMAHHS MOMIKAIpPOIaKTaMy
(momiamiz-6), SIKKi 3aBIOAKKA XIMIYHIN 1 TepMiuHil cTaOiib-
HOCTI Ta BHCOKI/ MIITHOCTI IIMPOKO 3aCTOCOBYIOTh Y TEKC-
THJIBHIA Ta aBTOMOOUTBHHIN MpoMHciioBocTi [2]. BomHovac
YTBOpEHI 3 d-BaJiepoiakTaMy IOMiaMiHiI BOMOKHA 3aTHI
TOMTIMHATH OUIbIIE BOJIOTH 1 TEHEpYBaTH MEHILIE CTATHYHOT
CIICKTPUKH TTOPIBHSHO 3 KAPOHOBMM BOJIOKHOM [3]. He-
3BaKAIOYM Ha I1i TIePEBar, MoiaMi-5 BUKOPUCTOBYIOTh B
TEKCTWIBHIA MPOMHCIIOBOCTI 3HAYHO MEHIIC, HDK TIOMi-
amizi-6 [3]. Lle moB’s13aHO 3 AOPOKUMM CITOCOOOM BHUPOO-
HHITBA O-BajieporiakTaMy. Y 3B'SI3KY 3 LIMM PO3pPOOKa HOBUX
CIOCOOIB OTPHUMAHHS OCTAHHBOTO € JIOCUTh aKTYaIbHOIO.

d-BarnepornakraM BHpOOJISIOTH 32 CXEMOO, aHAJIOTId-
HOIO CHHTE3Y &-KampoJakrtamy 3 6en3ony. CroyaTky LHK-
JIOTICHTAIiEH BIHOBJIIOIOT BOOHEM 0 LIMKIONCHTAHY,
SKAA JaJli OKMCHIOIOTH JIO0 IMKIJIOTNEHTAaHOHY. OcTaHHIN
00pOOKOIO CULTIO TiAPOKCHIIAMIHY II€PETBOPIOETHCS HA
LUKJIONIEHTAHOHOKCHM, SIKMH y KHCJIIOMY CEpEIOBHII B
pe3ynbTaTi OEKMaHIBCBKOTO MIEperpyIyBaHHs KOHBEPTYE B
d-Baneponakram [4].

Y mpamgx [3, 5] ommcaHo Crocid OTpUMaHHS O-
BaJIEPOJIAKTAMY KaTAJTITHYHHM OKMCHEHHSIM MINEPHIUHY
KUCHEM Y PIIKOMY CEpEIOBHIII 32 HAsSBHOCTI 30J10Ta, Ha-
HECEHOr0o Ha JIIOKCHJ] CHITIIIIFO. Y Tipart [6] mokaszaHo, 110
KomIuiekc miaminy pyreHito(Il) Moxe karamizyBatu mepe-
TBOPEHHSI 5-aMiHO-|-TIEHTaHOMY Ha CyMilll O-BaJiepONaK-
Tamy i MiMepHANHY B KUIULTYOMY TOMYOIi. Y marteHTi [7] 6-
BaJIepOJIaKTaM OYJIO OTPHMAaHO B3a€MOZIEI0 TIIyTapiMidy 3
BO/IHEM HA KaTali3aTopi riApyBaHHs 32 BUCOKOTO THCKY. Y
myOnikamii [8] HaBeneHo JaHi MO0 CHHTE3Y O-BaJlepoNIak-
Tamy 3 S-aMiHOBaJIepiaHOBOI KHCIIOTH B TIPUCYTHOCTI 0i0-
Kartajizaropa.

CuHTE3 NaKTaMiB aMilyBaHHSM BiITOBITHUX JIAKTOHIB
aMiakoM ITIKaBUH 3 TIOMVISY MOMIIMBOCTI OJICPyKaHHSI ITUX
CIIONYK 13 BiIHOBIIOBaHOI CHUpOBMHH. Hampukman, i3 5-
rigpokcuMeTIIhypdypastro, SIKHH OTPUMYIOTh 3 OioMacH
JIEPEBUHY, LEMIOI03M Ta Kpoxmamo [9], uepes 1,6-

TeKCAHJION MOXHA ojepkath &-KarponakrtoH [10]. B
OCTaHHI POKM 3alPONOHOBAHO CIIOCI0 OTPUMAaHHS O-
BaJIGPONIAKTOHY JACTiApyBaHHAM 1,5-NIeHTamiony Ha Millb-
BMiCHUX KatajtizaTopax [11]. Y cBoro uepry, 1,5-menTamion
MO)KHA OJEpKaTH KaTaTTHIHUM TiApyBaHHSAM TETparid-
podypdypumnosoro cnmpry [12]. Hemonasro My onmcamm
npsiMe JIerinpyBaHHs TeTparizpodypdypriaoBoro coupTy
y o-Baneponakron Ha Cu/ZnO-ALOs-katanizatopi [13].
Leit GiocpT YTBOPIOETHCS B pE3YIIBbTATI TiApYBaHHS (y-
pdyporty, KW HAJIGKUTH IO BiTHOBIOBAHUX PEUOBHH-
OnokiB [14].

VY mparpix [15,16] ommcaHo mporiec onep)KaHHS &-
KarpoliakTaMy 4epe3 B3a€EMOIII0 €-KalpoJakTOHY 3 amia-
KOM SIK Y PIIKiM, TaK i B Ta3oBiii (ha3i Ha pi3HUX KaTaii3a-
Topax. BimomocTi mono aminyBaHHsI $-BaJepoONIaKTOHY B
JiTepaTtypi BesbMuy HeurcnenHi [17, 18].

V nauiii ipati HaBeIeHO pe3yNbTaTh MapodasHoro ami-
IyBaHHS O-BaJIEPOJIAKTOHY Ta €-KalpoJaKTOHY Ha HU3LI
MiZFBMICHUX KaTali3aTopiB.

Karanizaropu Cuw/ZnO-AlLO; i Cu/TiO, orpumyBami
METOJIOM CIIBOCA/DKEHHS. Y TEPIIOMY BHUITAAKY BiIIOBiA-
Hi KUTBKOCTI HITPATIB Mijli, MHKY Ta aTIOMIHIF0 PO3UMHSITI
Y BOII, MpH TiepeMilryBanHi fomvBami 3H pozunH kap6o-
HaTy aMOHIIO JI0 TIOBHOT'O BUIAIHHS OCay i BUTPUMYBa-
m npu 45 °C nporsiroM 4 rof. Y IpyroMy BUMAAKY po3-
paxoBaHy KUIBKICTh HITpaTy Milli PO3YMHSUIM Y BOI, IIPU
nepeMililyBaHHi TOMMBAIN PO3YHH XJIOPUAY TUTaHY, a I10-
TIM HaJMIIOK KapOaminy i ButpumyBam npu 110 °C
ynponox 24 rox. OtpuMaHi ocaay MPOMHUBAIA BOZIOIO,
¢ineTpyBany, ekcTpyayBam i ey npu 120 °C, mo-
TiM mpoxaproBa Ha ToBiTpi npu 350 °C mpoTsarom
4 ron.

3pazok Cw/ZrO,-Si0, 3 HaHeceHOIo (Ha30t0 OKCHIY Mi-
ai 10 % (3a macoro) 100yTo MPOCOYYBaHHIM 3MIILIAHOTO
OKCHJTY LIMPKOHIIO Ta KPEMHIIO0 BOOHUM PO3YMHOM HITpaTy
Mimi. Jlist mpocodyBaHHST BUKOpUCTOBYBaIH (hpakitiro 0,5—
2 mM 3paska ZrO,-SiO, (Zr:Si = 1:2), CHHTe30BaHOTO
30/Ib-TEB-METOZIOM 32 MPOLIEAYPOIO, ONKCAHOIO B IIparli
[19], sxwuit motim cymmm nipu 120 °C 1 mpoxkaproBaiy Ha
noBiTpi ipu 700 °C yrponosx 2 rof,
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Tabnuns 1. Ckian i TekcTypHi napaMeTpu MiTbBMICHHX KaTa-

synbTaTi peakiii Ha Cu/ZnO-AlOs-1 karamizatopi 3a
00’eMHOI HIBHIKOCTI MOJavi MaporasoBoi peaKuiiHol

cymimi  GHSV=325-360 roxm' yrBopioBaBcs -
KarpoiakTaM 13 CeNeKTUBHICTIO 10 65 % 3a 96-98 %

Jizaropis

Karanizarop Ckraz, MOJTb Surs | Ve | Duops

M/t | emr | um

Cuw/Zn0O-AlL,Os-1 CuO:ZnO:AlLOs;=10:5:1 56 030 214
CuwZnO-Al,05-2 CuO:ZnO:ALOs=5:5:1 75 029 154
Cuw/TiO, CuO:TiO,=1:3 150 0,53 143
Cw/Zr0,-Si0, Cu0:Zr0,:810,=1:3:6 300 0,18 23
H-Y doxasur Si/Al1=2,6 600 0,31 0,74
AlLOs - 280 0,82 10,7

KoHBepcii naktoHy (ta0m. 2). Lle BimmoBimae ~ 10-
CEeKyHIHOMY KOHTaKTy peareHTiB 3 Katanizaropom. [Ipu
BOMY BaKJIMBO MITPUMYBATH ONTUMAJIBHE MOJIBHE
CITIBBITHOIIICHHST aMiaKy, BOMH 1 BOIHIO JIO JIAKTOHY 5,
10 1 15 BignoBigHo (Tadu. 2). 31 3MEHIIIEHHAM MOJIBHHX
criBBimHomeHs HO Ta NH;3 110 TakTOHY CENICKTHBHICTh

TekcTypHi mapaMeTpd BHKOPHCTAHHMX KaTali3aTopiB
BU3HAYQJM METOIOM HM3bKOTEMIIEpaTypHOI ancopOwii—
necopOiii a3oty Ha npuai Quantachrome NovaWin-2.

Cxuta]1 CHHTE30BaHHMX MiJIBFBMICHUX KATAITI3aTOPIB Ta iX
TEKCTYpHI IapaMeTpy HaBeneHOo B TalJL. 1.

KaranitiyHi ekcriepiMeHTH 3 amiZyBaHHS O-Baiepo-
nakrony (Acros Organics, 99 %) Ta e-kanponakrony (Alfa
Aesar, 99 %) BUKOHYBAIM B CTaJICBOMY PEaKTOpi IMPOTOY-
HOT'O THITY 3i CTAIIIOHAPHIM LIAPOM KatarizaTopa (5 cM’) 3
Ppo3MipoM gacTouok 1-2 MM 3a aTMocepHOro THCKY. Pea-
Kitito mpoBomM 3a 250280 °C sk 3a HAasBHOCTI, TaK i
BIJICYTHOCTI BOSIHOI Tiapy 1 BoHto. 11IBHKicTh momadi o-
BaJIEPONIAKTOHY CTaHOBIIA 0,5 MMOJB/(TyyTOM). MoNbHE
CITIBBITHOIIICHHS aMiaKy, BOJIH 1 BOJHIO JIO JIAKTOHY HaBe-
JICHO Jajl Iy KOKHOrO KOHKPETHOro BHIaAKy. Bamepo-
JIAKTOH 1 BOAY MOAABATIM B PEAKTOP PO3ALIEHO 32 JOMOMO-
roro nmprrieBux go3aropis Orion Model 361. IlIBumakicts
MOTOKY CYMIII aMiaKy 1 BOIHIO PEryJIOBAIM PEOMETPOM.
[Nepen peakitiero MiTEBMICHI KaTali3aTOpy BiTHOBIOBAIH
BomHeM (25-30 cv’/xB) 3a 180-200 °C mpoTsrom 2 rof.
[pomyktu peakuii, 3i10paHi B OXOIOKYBAaHOMY JIHOAOM
YIIOBITIOBaYi, aHami3yBajy Ha xpomatorpagi Chrom-5 3 50-
METPOBOIO KallJIIPHOIO KOJIOHKOIO U ileHTH(iKyBaIM 3a
criextpavu 'H i PC SIMP, 3apeecTpoBaHMMU HA CTIEKTPO-
Metpi Bruker Avance-400.

[Napodazae amigyBaHHS JTAKTOHIB, 30KpeMa &-Karpo-
JIAKTOHY, € JOCHTbH CKJIAJHUM MPOLIECOM, SIKUH TIPOBOIATH
B TIPUCYTHOCTI BOZIHIO 1 BOAsHOI mapu [ 15, 16]. Tomy crie-
pury Oyno AOCHIHKEHO B3aEMOIII0 JOCTYIHILIONO &-
KarpoJIakTOHY 3 aMiakoM, CIHPAalovich Ha Pe3yJbTaTH
nareHTy [16]. Y Tabi. 2 HaBeneHO JaHi MO0 aMiyBaHHS
€-KalpoJIaKTOHY Ha JOCIIDKYBAaHUX KaTajlizaropax. Y pe-

I0JI0 KanpoJiakTaMy B LUIOMY 3HIKYETBCS, HATIPUKIIA
10 10 % 3a NH5/CL = 1 (ta0n. 2). Lei#t hakT ciocrepirami
TaKoK aBTOpH Tparli [ 16] 3a 3MeHIIIeHHSsI BMICTY aMiaky B
peakuiiiHiid cymimri. [IpoBeneHHs mporecy 3a BiACYTHOCTI
BOJIHIO 3HIDKYE KOHBEPCIIO KAIIPOJIAKTOHY, SIK I1€ TIOKa3aHO
Ha Cu/ZnO-Al,O;-2 xaramnizaropi (Tadm. 2).

V marenri 1959 p. [17] ans aminyBaHHS BalepoIaKTo-
HY 3aCTOCOBYBAJIM OKCHJI aJTFOMIiHit0, a B Tiparti [18] — HY-
¢doxazut. OfHAK OmepKaHI HaMH Pe3yNbTaTH IMOKazajy,
1110 11l KKUCJIOTHI OKCHUIY € HU3bKOCEIEKTUBHUMHU KaTalli3a-
TOpaMy aMigyBaHHS €-KalPOJIaKTOHY B YMOBAX, OIMCAHUX
y nparpix [17, 18] (tabmn. 2). CeleKTHBHIIMMH BUSBHIICS
TPH JOCIHKEHNX MiIBBMICHUX KaTali3aTopH (Talit. 2).

B pesynbrari nociimpkeHHs cTaOUbHOCTI poOOTH Kata-
JI3aTOpPIB BCTAHOBIICHO, 1110 HakicTaOuThHIIMM € Cu/Ti0,,
AKTHBHICTH SIKOTO MPAKTHYHO HE 3MIHIOEThC Tricist 10 rox
TIPOBEICHHST TIporiecy. IHIM KaTami3aTopy TOYMHAIOTH
BTpauaTy aKTUBHICTH Tics 9 rox poboru. 3rigHo 3 naTeH-
ToM [16], Hallkpali pe3y/IbTaTy 3 aMilyBaHHS Kalpoyiak-
TOHY TAKOX CHOCTEpIrajay Ha MiIbBMICHOMY JIOKCHJII TH-
Tany. llikaBo, M0 BUXO/My KaTari3aTropa Ha poOoumii pe-
UM, KOIH CEJIEKTHBHICTb T10 JIAKTaMy MOCTYIIOBO ITi/IBU-
LIyBajach J0 CTAIOrO 3HA4YeHHs, MepeayBaB 2—3-TOIMH-
HHH TIEpio.

Pezynerati amimyBaHHS O-BaJIepONIaKTOHY HA JOCHI-
IDKyBaHHX KaTaii3aTopax HaBeneHo B Tadn. 3. B excnepu-
MEHTaX MiATPUMYBAJIM TaKi cami CITiBBIHOIIEHHS peareH-
TIB 1 TPUBAJTICTH KOHTAKTY, SIK 1 IPH aMiTyBaHHI KaIlpoiak-
ToHy. [Ipore cniz 3a3Ha4uNTH OIHY iICTOTHY BiIMIHHICTb &~
KarpoJIakTOHY Bif d-BasieponiakToHy. OCTaHHiMH JIerKo Tia-
POIIBYETHCS 3 YTBOPEHHSM S-TiAPOKCHBAJICPIAaHOBOI KHUC-
JIOTH, aMil SIKOi TIOCTIHO HAasSBHHUM B MPOMYKTax PeaKLii
(Tabmn. 3). Tomy B eKcriepruMeHTax MU TIOJIaBajIi Bajiepoia-

Taomurs 2. Konsepcin e-kanponakTony (CL) Ta ceJIeKTHBHICTH YTBOPEHHS £-KATIPOJIAKTAMY HA MiTbBMiCHHX OKCHIAX

(260 °C; 0,5 mmoitb CgH1gOo/(Iycar TO))

Karamizarop GHSV, MoJbHE BiTHOIIEHHS Konsepcis, CeJleKTUBHICTD,

rog ' NHy/CL [ HO/CL [ HyCL X, % S, mac. sacrka, %
Cuw/ZnO-Al,05-1 325 6 10 15 98 65
Cuw/ZnO-Al,05-1 360 6 5 22 93 57
Cuw/ZnO-Al,05-1 180 25 5 10 97 34
Cuw/ZnO-Al,05-1 120 1 5 5 97 10
Cw/ZnO-AlL,O5-2 325 5 10 18 96 64
Cuw/TiO, 325 5 10 15 98 66
H-Y ¢oxazur 160 5 10 0 66 18
AlLOs 60 5 0 0 13 37
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Tabnuns 3. KonBepcisi 4-BajiepojIakTOHY Ta CeJeKTHBHICTH YTBOPEHHsI O-BATEPOIAKTAMY HA MiIbBMICHMX OKCHAAX

(260 °C; 0,5 mmostb CsHgO,/ (T TO))

Karamizatop GHSV, MosnbHe BiIHOIIEHH S X, % CenekTuBHICTE, Mac.%
rox' NHyVL | H,O/VL | H/VL 5L | 5HA | NP
Cuw/ZnO-Al,05-1 325 5 10 18 79 80 12 8
Cuw/ZnO-Al,05-1 350 5 5 22 95 65 0 35
Cuw/ZnO-Al,05-1 170 1 10 5 100 18 66 16
Cuw/TiO, 326 5 10 15 91 52 16 32
Cuw/ZrO,-Si0, 320 5 6 18 100 9 89 2

Ipumimxa. VL — d-Baneponaxtos; 6-L — §-Banepomaxram; S-HA — 5-rinpokcuneHranamin; NP — HelneHTH(IKOBaHI CIIOITYKH.

KTOH 1 BOIY B PEaKTOp OKPEMHMH TTOTOKaMH, SIK 1€ PEKO-
MEH I0BaHO B mipaii [ 18].

HaticenextuBHilMM B aMimyBaHHI BaJIepOIaKTOHY BU-
sBuBcst Katanizatop Cu/ZnO-ALOs-1 (tabm. 3), skuid 3a-
Oe3reuyBaB TaKOXK BHCOKOCEIEKTHBHE JICTiNPYBAaHHS TeT-
pariapodyphyprIOBOroO CIUPTY 10 d-BajiepoiakToHy [11].
Ha xaranizatopi Cu/TiO; ceneKTHBHICTb d-BaiepolakTamMy
cranoBmwia 52 %, mo B 1,5 pa3a Himkue, Hbk Ha Cu/ZnO—
AL O;. 3MEHIIIeHHS! MOJILHOTO BiZIHOIICHHS BOJIU 1 aMiaKy
JI0 JTaKTOHY (TalI. 3) MPU3BOAUTH JIO 3HIDKCHHS CEJICKTHB-
HOCTI O-BaJIGpONIAKTOHY, NMPUYOMY Yy BHIIAAKy amiaky B
Habararo OinbIioMy cryreni — 1o 18 %. 3a Hecraui amiaky
TOJIOBHUM YMHOM YTBOPIOIOTBHCS S-TiApOKCHIIEHTaHAMIT 13
cenekTuBHIcTIO 66 % (Tabm. 3). Llelt amin mepeBakHO
YTBOPIOBABCS TAKOXK HA KHUCJIOTHOMY 3MIILIAHOMY OKCHJIL
7Z10,—Si0; 3 HaHeCEHOrO MO (Tabt. 3).

HasBHicTb 5-TinpokcrmneHTaHamiy B MPOAYKTax peak-
Ui CBIMUMTH MO Te, IO aMiZyBaHHS O-BAIEPOJIAKTOHY
BiOyBa€eTHCSA B [IBi CTa/i1 3 PO3KPHUTTSM JIAKTOHOBOT'O LIMK-
JIy ¥ yTBOPEHHSIM TiIpOKCHaMiy, SIKHH AaJTi KOHACHCYETh-
cs1 710 O-BaJiepoNlaKTamy:
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Komngepcist (/) d-BasieponakToHy, CeEKTUBHICTB (2) 1 BUXiz
(3) b-Baneponakramy Ha Katasmizatopi Cu/ZnO-ALO;-1 3a piz-
Hux Temreparyp (L = 0,5 MMOIb/(Ty, TOm))

Ipu neperBopeHHi 6-BajiepOIaKTOHY, SIK 1 Y BUTIAJIKY €-
KarpoJIakTOHY, CIIOCTEpiraBcs 2—3-TONMHHUN Tepion BH-
xomy kataiizatopis Cu/ZnO-ALQO; i Cu/TiO, Ha poboumnii
POKHM, KOJIH CETIEKTUBHICTD 3a O-BaIepONIAKTaMOM TIOCTY-
TIOBO 3pOCTajia 10 CTAI0I BEUYUHU.

3 MigBUIIEHHSIM TeMIIepaTypy Peakiii aMigyBaHHs Big
250 mo 280 °C na Cu/ZnO-Al,O; xatanizaropi 3adikcoBa-
HO 30iNbIIeHHST KOHBEpCii O-BallepONakToOHy 1 BUXOAY O-
BasieponakTamy 3 80 110 92 % T1a 3 64 1o 74 % BigNOBiIAHO
(pucynok). Ilpm 1BOMY  CeNEKTMBHICTH 32  O-
BaJIEPOJIAKTAMOM B 3a3HaUYCHOMY TEMIIEpaTypHOMY iHTEp-
BaJIi TIPAaKTUYHO HE 3MIHIOBANACh 1 3ayMIIaiach Ha piBHI
80 %.

TakuM 9MHOM, TTOKA3aHO, ITI0 B PEAKIIil aMiTyBaHHS O-
BajieponakToHy amiakoM Cu/ZnO-ALO; karamizaTop 3a-
Oesrieuye KoHBepcito akToHy Ha 80—90 % 3 ceneKkTUBHIC-
TI0 80 % 3a d-BaneponakramoM mpu 260280 °C. oma-
BaHHS JI0 PEAKIIIHHOI CyMIllli BOJHIO i BOISIHOI Tapu 30i-
JIBIIYE BUXiA O-BajepofiaKTaMmy 1 MPOJIOHTYE Yac poOOTH
Karajizaropa.
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AMUIMPOBaHME O-BAJICPOJIAKTOHA
Ha MECIbCOACPKAIINX KaTAaJIn3aTopaxX
B.B. bpeii, A.M. Bapsapun, C.B. IIpyouyc

HUrnemumym copoyuu u npobnem snoosxonoeuu HAH Yrpaunoi,
Yxpauna, 03164 Kues, yn. 'enepana Haymosa, 13; men.: (044) 452-01-27; E-mail: brei@ukr.net

HccnenoBans! peakiiyi aMUAMPOBAHNSI E-KAIIPOJIAKTOHA U O-BaJIGPOJIAKTOHA B TIOTOKE aMMUaKa,
BOZIOPOZA U BOSIHOTO Mapa Ha Meapcoaepkamux karanusaropax mpu 250-280 °C. IlokasaHo,
YTO COOTHOIICHUE PEAreHTOB M NTUTEIFHOCTh KOHTAKTa 3HAYNTEIBHO BIMSIOT Ha BBIXOJ JIAKTa-
MoB. OOHapyxeno, uro Cu/ZnO-ALO; xarammparop obecriewrBaer 90 % KoHBepcHrO O-
BaJICPOIAKTOHA C CEJICKTUBHOCTHIO 80 % TI0 O-BayiepoiakTamy.

Amidation of 6-valerolactone
on copper-containing catalysts

V.V. Brei, AM. Varvarin, S.V. Prudius

Institute of Sorption and Problems of Endoecology, NAS of Ukraine,
13, General Naumov Str., 03164 Kyiv, Ukraine, Tel.: (044) 452-01-27; E-mail: brei@ukr.net

The reactions of amidation of e-caprolactone and 6-valerolactone are investigated in the stream of
ammonia, hydrogen and water steam on Cu-containing catalysts at 250-280 °C. It is shown that the
correlation of reagents and time of contact considerably influence on the lactam yield. It is found
that Cu/ZnO-Al,0; catalyst provides 90 % conversion of d-valerolactone with 80 % selectivity on

d-valerolactam.
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Transetherification of methyl zert-butyl ether
with ethanol over acidic ZrO,—SiQ, oxide and
Dowex DR-2030 sulphoresin catalyst

O.I Inshina, M.E. Sharanda, V.V. Brei

Institute of Sorption and Problems of Endoecology, NAS of Ukraine,
13, General Naumov Str., 03164 Kyiv, Ukraine; Tel.: (044) 452-01-27, e-mail: brei@ukr.net

Alcoholysis of methyl fert-butyl ether with ethanol over Dowex DR-2030 sulphoresin catalyst and
acidic ZrO,-SiO, oxide at 60—120 °C using flow reactor has been studied. Effect of the ratio of
methyl fert-butyl ether and ethanol on the ethyl tert-butyl ether yield was investigated. It was
shown that the more active Dowex DR-2030 catalyst provides 61 % methyl ferz-butyl ether con-
version with 97 % selectivity towards ethyl zer¢-butyl ether at 80 °C in double excess of ethanol and

LHSV=1h"

Ethers are quite stable compounds commonly used as
solvents at organic synthesis. However CH;CO" ions, gen-
erated from acetic anhydride in the presence of acid cata-
lysts, are capable to cleave ether C—O—C bonds [1, 2]. The
production of polytetramethylene acetate from tetrahydro-
furan with acetic anhydride additive over the acidic
710,-Si0; catalyst [1] is based on this property. Recently,
acylation of methyl fert-butyl ether by acetic anhydride to
tert-butyl acetate was performed on ZrO,-SiO, and Amber-
lyst 15 catalysts [2].

In this work we have prolonged the comparable study
on an activity of sulphoresin catalyst and acidic ZrO,-SiO,
oxide in the reaction of methyl fert-butyl ether (MTBE)
transetherification with ethanol.

Currently, ETBE is considered [3, 4] as alternative, in-
stead of MTBE, high-octane additive to gasoline due to its
lower water solubility and volatility, and easily biodegrada-
tion also.

Experimental

Dowex DR-2030 sulphoresin catalyst (Supelco) and
Zr0,-Si0, oxide (Si/Zr = 2, atom) prepared by the sol-
gel method [5] were tested as acid catalysts. Dried etha-
nol and 98 % MTBE were used as reagents. Total acidity
of the samples was determined by the inverse titration
using n-butyl amine solution in cyclohexane with bro-
mothymol blue as an indicator. The strength of
Z1r0,-Si0; acid sites was measured employing the stan-
dard indicator method [6].

Table 1. Textural parameters and acidity of catalysts

The textural parameters of ZrO,-SiO, were calculated
from the nitrogen adsorption-desorption isotherms recorded
on a Quantachrome Nova 2200e Surface Area and a Pore
Size Analyzer.

The experiments were carried out in a flow stainless
steel reactor with fixed bed of granulated (1-2 mm) catalyst
(3 cm’) at 60—120 °C under 5 bar preventing liquid to gase-
ous phase transfer. The reaction mixture was introduced
into reactor using a Waters—590 pump with LHSV =0.5 -
4 h', that correspond to load on a catalyst of 2,1-13,6
mmol MTBE g, 'h™".

The reaction products were analyzed using °C NMR
spectroscopy (Bruker Avance 400) and gas chromatogra-
phy (Chrom-5 with 50 m capillary column) methods. The
conversion and selectivity values (mol %) were calculated
from "*C NMR spectra.

Results and discussion

The textural parameters and concentrations of acid sites
on the surface of synthesized ZrO,—SiO, (ZrSi) and Dowex
DR-2030 are presented in Table 1. ZrSi sample in compari-
son to the sulforesin is characterized by a higher surface
area (360 m’”/g) and strong acid sites (Hy>—11.35). How-
ever, Dowex DR-2030 contains three times as many acid
sites as the synthesized ZrSi.

The data on activity of studied catalysts in the tran-
setherification reaction are presented in Table 2. According
to the ®C NMR spectra, methyl zerz-butyl ether (27,1; 49,4;
72,8 ppm.), ethanol (18,1; 57,8 ppm), ethyl fert-butyl ether

2 -1 3 . [BH]
CatalySt SA (m g ) Vp (Cm g ) Rp (nm) (mmol g-l) HOmax
ZrSi 360 027 1,6 1,7 —11,35
Dowex DR-2030 30 0,10 6,6 4,7 -5,6

SA — specific surface area measured by BET; Vp — pore volume; Rp —average pore radius
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Table 2. Effect of catalysts on transetherification of MTBE
with ethanol*

T, | LHSV, | MTBEEtO X, S,
Catalyst °C h' mol t mol % | mol %
ZrSi 60 1 1:2 39 94
80 1 1:2 55 90
90 1 1:2 58 92
100 1 1:2 63 92
110 1 1:2 66 95
120 1 1:2 67 95
100 1 1:3 64 92
100 1 1:4 69 93
100 1 1:6 72 94
100 0.5 1:3 68 89
100 2 1:3 46 92
100 4 1:3 34 81
Dowex 60 1 1:2 58 92
DR2030 70 1 1:2 61 96
80 1 1:2 61 97
90 1 1:2 61 97
100 1 1:2 61 92
100 1 1:3 86 92
100 2 1:3 64 95
100 4 1:3 62 94

*) X —MTBE conversion; S — selectivity towards ETBE

(ETBE) (16.4; 27.7; 56.8; 72.55 ppm) and methanol (50,1
ppm) were identified in the reaction product that corre-
sponds to proceeding of such reaction:

+~C4HyOCH; + C,HsOH — ~C4HyOC,H;s + CH;OH

Diethyl ether is formed in minor qualities also as by-
product.

MTBE is characterized by the higher proton affinity
value (PA = 842 kJ/mol) than ethanol (PA = 776 kJ/mol),
therefore its molecules would be protonated with H-sites of
a catalyst predominately forming intermediate fers-butyl

100 - 18
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1. 3
R 47\- g
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m
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3 / . >,
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a
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Fig. 1. Yield of ethyl fert-butyl ether on ZrSi (/) and Dowex
DR-2030 (2) at different temperatures (LHSV = 1 h',
MTBE/EtOH = 1:2)

ions. The addition of these cations to ethanol molecules
results in ethyl ferz-butyl ether formation:

+H* )\-'- + HO/\
o/ HO/
H
- o/+/\ -H* o >\

Alcoholysis of MTBE with ethanol is a reversible reac-
tion. At increasing EtOH/MTBE ratio from 2 to 3, MTBE
conversion raises from 61 up to 86 % on Dowex DR-2030
at 100 °C (Table 2). However in the case of ZrSi, only 9 %
rise of conversion was observed at EtOH/MTBE ratio
changing from 2 to 6 (Table 2).

The data on yield of ETBE, obtained on studied cata-
lysts at different temperatures, are presented in Fig, 1.
Higher ETBE yield at a level of 59 % was observed on
sulphoresin catalyst in comparison with ZrSi oxide at 70—
90 °C (Fig. 1).

100
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Fig. 2. Conversion (/), selectivity (2) and space-time yield (3) of ethyl zer#-butyl ether on ZrSi (a) and Dowex DR-2030 () at dif-

ferent LHSV values (100 °C, MTBE/EtOH = 1:3)
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The results on productivity of studied catalysts (space-
time-yield) at different loads on a catalyst are shown in
Fig. 2. At rising LHSV from 1 h™' to 4 h"' MTBE conver-
sion decreases from 50 to 34 % on ZrSi and from 86 to 62
% over sulphoresin catalyst. Selectivity towards ethyl zterz-
butyl ether was not changed for Dowex DR-2030 and re-
duced by 10 % for ZrSi. Space-time yield (STY) of ETBE
increases at LHSV rise and reaches values of 8 and 3.7
mmol ETBE g, 'h™ at LHSV =4 h"' for Dowex DR-2030
and ZrSi correspondingly (Fig. 2). At that, selectivity to-
wards ethyl zert-butyl ether and methyl fers-butyl ether con-
version are not changed significantly during 6 h of catalyst
testing.

Lower ETBE yield over ZrSi mixed oxide can be at-
tributed to a lower concentration of acid sites on its surface
in comparison with Dowex DR-2030 sulphoresin catalyst
(Table 1).

Conclusions

It was found that acid ZrO,-SiO, oxide and sulphoca-
tionite Dowex DR-2030 effective catalyse the alcoholysis
of methyl fert-butyl ether with ethanol at 60-120 °C. More
active Dowex DR-2030 catalyst provides 60 % methyl tert-
butyl ether conversion with 97 % selectivity towards ethyl
tert-butyl ether at 70-90 °C under a double excess of etha-

nol. Space—-time yield of ETBE reaches values of § and 3,7
mmol g, 'h™' on Dowex DR-2030 and on ZrSi corre-
spondingly at 100 °C under liquid space velocity of 4 h™".
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IHepeerepudikauiss MeTI-mpem-0yTuaoBoro egipy
3 €TaHOJIOM HAa KUCJI0THOMY Zr(Q,—SiO; okcuai
Ta Dowex DR-2030 karasizaropi

O.1 Invuwuna, M.€. Illapanoa, B.B. bpei

Inecmumym copbyii ma npobnem endoexonoeii HAH Yipainu,
Yxpaina, 03164 Kuis, eyn. I'enepana Haymosa, 13; men..: (044) 452-01-27;
E-mail: brei@ukr.net

JocrimkeHo Tporiec aaKoroiizy MeTHI-mpem-0yTmioBoro edipy 3 eranomom Ha Dowex DR-
2030 xaramizaropi Ta kuciorHomy ZrO,-SiO, okenai B mpotodroMy peaxropi ripu 60-120 °C ta 5
Gap. BrBYEHO BIUIMB CIIBBITHOIICHHS METHI-#pem-OyTHIIOBOro edipy A0 €TaHOIy Ha BHXIZ
ermw-mpem-0ytioBoro edipy. [Tokasano, mo Outkin aktuBHHE Dowex DR-2030 karamizarop
3abe3meuye 61% KoHBEpCit0 MeTWI-npem-0yTriioBoro edipy 3 97 % CCIEKTHBHICTIO TIO CTII-
mpem-GyriioBoMy edipy B rozBiiHOMY HaTHIIKy eTanory npu 80 °C i LHSV =1 rox”.

IHepesTrepuuxanusa meTui-mpem-0yTujioBoro pupa
¢ 3TAHOJIOM Ha KHUCJI0THOM Zr0,—-SiO, okcuae u
Dowex DR-2030 karasm3arope

E.U. Unvwuna, M.E. Illapanoa, B.B. bpeit

HUrnemumym copoyuu u npobnem snoosxonoeuu HAH Ykpaunoi,
Yxpauna, 03164 Kues, yn. I'enepana Haymosa, 13; men.: (044) 452-01-27;
E-mail: brei@ukr.net

HccnenoBan mporece aakoroimsa MeTWiI-mpem-0yTioBoro 3¢mupa ¢ stanonoM Ha Dowex DR-
2030 xaramzarope ¥ kuciotHoM ZrO»-SiO, okcuze B mporodHoM peaktope mpu 60-120 °C u
JapieHnn 5 6ap. VI3ydeHo BiMsiHAE COOTHOMIECHUST METWI-/pen-0yTIoBoro 3(hupa K STaHOITy Ha
BBIXOJI 3TII-mpem-0yTirioBoro s¢upa. [Tokazano, uro Oonee akruBHBIT Dowex DR-2030 kara-
ym3arop obecredrBaeT 61% KoHBEpCHIO MeTWI-mpem-0yTrioBoro 3¢upa ¢ 97 % celeKTnBHO-
CTBIO TI0 ITHII-Mpem-OyTioBoMy >(Upy B JBOMHOM M30bITKE 3TaHoa mpu 80 °C u LHSV =14,
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Yruepoausie HaHOC(EpPbI B 00pbIBE 1enei
OKHUCJICHUS 0CH3UJIOBOI0 CIIUPTA

KA. I(upmwl, .M. I('wneneeal, E.B. llIe/zyObKoI,
B.B. I(pezneuuukuﬁz, E.B. HOleHKuHI, P.C. Kund'

! Hnemumym Guoopearumeckori xuvuu u negpmexumuu HAH Yipaunu
Yrpauna, 02260 Kues, Xapvrosckoe utocce, 50; e-mail: kyrpach_ibpc(@i.ua
Texnuueckuti yenmp HAH Yipaunoy
Yxpauna, 04070 Kues, yn. Ilokposckas, 13

W3ydeHbl 0cOOEHHOCTH aHTHOKCHIIAHTHOTO ISHCTBHS YIIIEPOIHBIX HaHOCHEP 1 MX OpPOMHpPOBaH-
HBIX MPOM3BOHBIX TPY OKUCIIEHNH MOAEIBHOM crcTeMbl OensuioBoro cnvpra (50 °C, navima-
TOp — 2,2'-a30-6uc-M300yTHPOHUTPIIT). Y CTAHOBJICHO, YTO 3TH BEIECTBA OOPHIBAFOT IETIH WHU-
LIMMPOBAHHOT'O OKHCIICHHs OCH3MIOBOTO CIIMPTA B PE3YIIbTATE B3ANMOJIEHCTBHSI C IEPOKCHITHHBI-
M papukataMy. [Iokasano, 4To 3(h(heKTHBHBIE KOHCTAHTBI CKOPOCTH OOpBIBA IIeTeli OKUCICHHUS
cyOcTpata nccieIoBaHHBIMH YITIEPOIHBIMH HaHOC(epaMH MPEBOCXOJIAT aHAJIOTMYHBIE ITOKa3aTe-
ym just pynnepeHa Cgo ¥ €r0 TaJIoreHUpOBaHHBIX aHaIoroB B 1,5-130 pas.

Ortkpeitue ¢ymiepeHoB B 1985 1. [1] ctumynuposaio
WCCIIENIOBaHUsl B OOJACTH YITIGPOAHBIX HAHOPa3MEPHBIX
MaTepuasioB, TAKUX, KaK YIJIEpOIHbIC HAHOTPYOKH, YTIie-
ponHble HaHOC(EpBl, HAHOBOJIOKHA U TpadeH [2].

VYrnepoaHbie HaHOpa3MepHBIE OOBEKTHI 00NAJAI0T Psi-
JIOM VHUKAIBHBIX CBOKMCTB [3], KOTOpBIE OOECIEUMBAIOT
MPEBOCXOACTBO YISl CO3MAaHMS HOBBIX (DYHKIIMOHAIBHBIX
MarepuaioB Ha UX OCHOBE. VccienoBaHus MoKas3aiy, 4To
OHU MOT'YT YCIIEIHO NPUMEHATHCA B TETEPOTEHHOM KaTta-
m3e [4], TOTMBHEIX 37eMeHTax [S], Tpubonorum [6], Te-
panuy pakoBBIX OMyXoned [7], IIsl ONTHYECKOro OrpaHHy-
YeHus (8], 37EeKTPOMArHUTHOIO SKpaHUpoBaHUA [9], xpa-
HeHus raza u dHepruu [10], momyueHus: Grnon300paskeHui
B MemuimHe [11], B cynepkonneHcaropax [12].

B 1992 r. aBrop pabots [13] BriepBbIe TOMYYHIT yTite-
pomubie Harnochepst (YHC), cocTosiiue U3 KOHICHTpHYe-
CKUX TPaUTOBBIX 00O0JIOYEK, BKITIOUAIOIIMX KpPOME IIec-
THWICHHBIX IMKIOB Takke Cs- u Cr-IuKibL, Omaromapsi
4eMy JOCTUTaercs: CPEpHIHOCTD THX YIIIEPOAHBIX HAaHO-
o0bextoB. Ctpykrypa YHC noxoxka Ha CIpyKTypy ¢Qyi-
JIEPEHOB, TIOITOMY OHHM TAKXKe HOCST Ha3BaHHUE MHOIO-
CIIOWHBIX (PysUIepeHOB. XUMIYECKHAE CBOMCTBA TAKMX Ha-
Hocep aHaJIOrn4HbI cBokcTBaM (yiiepena Ce [14]. 13-
BecTHO, yT0 YHC BCTymaroT B peakiuu ¢ paaukaiamu [15]
W, BEPOSITHO, MOI'YT OBIThb WHIMOWTOpPAMH PaIHKaIbHO-
LIEMTHOT'O OKHCIIEHHS] OPraHWIECKUX BEILIECTB.

Monekynbl  QyIUIEpeHOB  SIBISIOTCS  DJIEKTPOHHO-
JePUITUTHBIMEA CHEPUUSCKIMHE TTOMHONIS)UHAMI U B XU-
MHYECKHX TPEBpAIlEHUsIX BenyT ceds Kak “ryOka’ aJiek-
TpoHOB [16], mo3TOMY, OHE MOTYT 3()(EeKTUBHO MHTHOM-
pOBaTh PAJMKAIBHO-LIETTHOE OKHCIIEHHE OPraHMYeCKHX
BemiecTB [17], BCTynmas B peakiyy ¢ HOCUTEISAMH Iierei
OKHCIICHUS.

Panee Hamu ObUT OOHAPYXKEHBI M MICCIIEIOBAaHBI (haK-
Tl MHrHOMpoBanus (ymiepeHoM Cg, HEKOTOPBIMH €ro
9K30- M SHAONPOU3BOIHBIMHU IIPOLIECCOB >KUAKO(PA3HOTO

OKHCJICHMSI OpPTraHMYecKUX CyOCTpaToB: OEH3HIOBOTO
cmpta (BC), rekcameruntpramunodocdara, Merunonea-
Ta, MOTOpPHBIX Macen [18]. YcraHOBIeHBI KMHETUUECKUE
3aKOHOMEPHOCTH CTEXMOMETPHYECKOro OOphIBa  Lieneit
OKHICJICHUSI OpPraHIMYIECKHX BELIECTB (pyruiepeHaMu 1 MoKa-
3aHO, YTO OHH SIBJISOTCS S(P(EKTUBHBIMU AHTHOKCHIAH-
Tamu [19].

Coemuuenust ymieperos, B ToM unciie 1 YHC (Ha
JAHHOE BPEMS1 — €IMHCTBEHHBIE ONMCAaHHBIE PACTBOPUMBIE
(opMBI yriiepoza), IepCHeKTUBHO HCIIONB30BAaTh B TOMO-
TeHHBIX YCIIOBHSIX PaJUKaAIBHO-LEITHOrO OKHCIEHUS Opra-
HMYECKHX BEILECTB B KAUeCTBE aHTHOKCUIAHTOB. [Iprme-
HCHHE TPAJIMIIMOHHBIX CTAOWIN3aTOPOB OKHCICHUS ((e-
HOJIOB, QDOMAaTHYECKHX aMUHOB, XHHOHOB H JIp.) HE BCErAa
3 heKTHBHO, MPEXIE BCETO MOTOMY,, YTO OHF B OCHOBHOM
(YHKIMOHHPYIOT KaK OJHOKpATHBIE (CTEXHOMETPHYECKHUE)
peareHThl B PEaKIMsIX, OTBETCTBEHHBIX 3a MPOLIECCHI CTa-
OWIM3AIMK OKUCIICHHS OPraHIIeCcKHX CyOCTpaToB.

B cBsI3u ¢ 3TMM 1ENBI0 JAHHOTO MCCIIENOBaHUs ObLia
OLICHKa AHTUOKCHIAHTHOM aKTHBHOCTH PAacTBOPUMBIX B
OpraHm4eckux cyocTpaTax HaHoc(ep B MOACIBHBIX YCIIO-
BUsIX okucnenns bC.

B Hacrosimeii pabore mpeacTaBieHsl pe3yabTaThl Hc-
CJIeIOBaHMsT MHTHOMPOBAHUS MHHUIMHMPOBAHHOTO OKHCIIC-
st BC YHC u OpoMHpOBaHHBIME YIJIEPOIHBIMA HaHO-
cthepamu (YHC-Br).

CocraB u ctpykTypa cuHTesupoBanHbx YHC u YHC-
Br xapakTepn3oBamMCch NPOCBEYMBAIOILEN AIEKTPOHHOH
mukpockonuelt  (IIOM), ckaHupyroiieli  SIeKTPOHHOM
mukpockormert (COM), aTOMHO-CHIIOBOM MHKPOCKOIHCH
(ACM), criekTpocKormeli KOMOMHAIIMOHHOTO PaCcCesTHUS
(KP), K-ciekTpocKkonueii, 3lIeMEHTHBIM aHATTH30M.

Marepuajibl 1 METOIbI HCCIEI0BAHMS

B pabore nccnenosansl YHC, nomydeHHbIE B AIIEKTPO-
JyrOBOM Paspsifie B Cpefie ra30Boi cMecH NMpornaH—OyTaH B
Wncturyre meramnodpusuku um. I.B. Kypmomosa HAH
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VYxpaunsi [20].

BpomupoBanHbie HaHOC(EPBl CHHTE3UPOBAHBI B3aH-
moreiictBrem YHC c¢ uakuM OpoMoM B 3ariassHHON aM-
mynie. K 500 mr YHC Gbuto nprmmBsamm 5 mit Opoma (Macc.
nomst 99,5 %), peaKIMOHHYI0 CMECh BBIICP)KauBaIN TIPH
Temnepatrype =~ 20-25 °C B Teuenue 45 cyTok. 3aTeM aMm-
MyJdy BCKpBIBAIM, M30BITOK OpoMa YIaIsuld BaKyyMHOM
orroakoi mipu Temmeparype 100 °C (1 g). Obpaser He-
CKOJIBKO pa3 MPOMBIBAIN alleTOHOM JI0 HCYE3HOBEHHS OK-
PacKy pacTBOPHUTENS W MPOCYLIMBAIM HA BO3MyXE IPU
KOMHATHOM TeMIiepaType B TedeHue 24 4, 3aTeM — B Ba-
kyyme nipu Temmepatype 80 °C 1 4. Bexon mpomykra
(YHC-Br) cocrasun 653,5 mr.

O6pasup! ncxomHbix YHC un 6pommposannsix Y HC-Br
uccnenosa Ha COM JSM-6490 npon3BoncTBa AIIOHCKOH
¢upmer “JEOL”, ocHaIlleHHOM 3HEProJMCIepCHOHHBIM H
BOJIHOBBIM CIIEKTPOMETPaMU JUTsI IPOBENICHNST MUKpOaHa-
JM3a XMMHYECKOr0 COCTaBa MOBEPXHOCTU HCCIEIYEMBIX
00pasios. [Ipubop (HYHKIMOHHUPOBAI B PEKMME BTOPHY-
HBIX 3JIEKTPOHOB, YCKOPSIOIIEE HAMPSIKEHUE COCTABILIO
20 xB. DneKkTpOHHO-MHKPOCKOIMYECKHE W300paKEHUS
CTPYKTYPBI 00pa3LioB MOITy4eHbI Takoke ¢ ToMoIbio [I9M
JEM-1230 dupmer “JEOL”. Jlns 3Toro HaHOC(hEPHI Jwic-
TEPrUpoBaJIM YJIBTPa3sByKOM B IMMETHI(GopMamuie 1 Ha-
HOCWJIM Ha MeTHYyto cerouky. MccnenoBanus ACM mpo-
Bomm Ha nipudope NT-206 (I'omens, benapyck). O0pa-
3€ll TOTOBWJI HaHeceHneM Karum pactopa YHC-Br B BC
Ha KBapIIEBOE CTEKIIO C TOCIEAYIONM UCIApeHueM pac-
tBOpUTEs B Bakyyme nipu 50 °C. MK-cnekTps! 3amucasa-
mm B jmanasone 400-4000 cM ' Ha mpubope Vertex 70
¢upmel “Bruker”, obpazer; roroBmwm B Tabnerke ¢ KBr.
Crexrpsl KP 3armchBami B mmanasone 100-3500 cM ' Ha
npudope LabRAM ¢upmebt Jobin Yvon.

Ouenky anTrokcHaaHTHON akTuBHOCTH (AOA) YHC n
YHC-Br npoBoaui B MOAEIBHBIX YCIOBHSIX PaIHKaTIbHO-
LenHoro nHUIMMpoBanHoro okucienus bC npu 50 °C u
TIOCTOSIHHOW CKOPOCTH T€HEPUPOBAHHUS CBOOOIHBIX Pa/H-
KanoB (W;=2,98-10"® Monb/71-C) B KMHETHYECKOM PeKUME
okucnenus [21]. LlenHolt mMexaHW3M STOM peakivu IMOA-
poOHO M3y4eH B padorax [22, 23].

Kunetnky mormommeHust Kacinopona MpH OKUCIICHUH
BC n3yyani BOMOMOMETPUYECKAM METOIOM Ha MaHOMET-
pHYecKol yCTaHOBKe. B oTCyTCTBHE MHTHOMTOpPA CKOPOCTH
nornomenns O, (Wo) pasHa 3,510 Mors/(11-c). Koncras-
Ty ckopoctd MEMIMMpoBanns (k = 1,63-10° ¢!, 50 °C)
PacCUMTBIBAIIN, COTJIaCHO JAHHBIM paloThI [24].

BeH3unoBbIii CipT Mapky “9” OUMIIAIN MPOITYCKAHHU-
€M uepe3 KOIOHKY C aKTHBUPOBAaHHBIMU OKCHJIOM aJTFOMH-
HHS U YITIEM C TTOCIIEAYIOLIEH BaKyyMHON AUCTHILIALVEN B
cpene aprona. B kauectBe MHHMIMATOpa CBOOOIHBIX pajy-
KaJIOB  HCHONB30BATH  2,2'-a30-6uC-M300yTHPOHUTPHUI
(AUBH) Mapk# «4», OUMIIEHHBIA MepeKpUCTALTI3ALIEH
W3 STaHOMA M MPOCYIICHHBI B BAKyyMe MPH KOMHATHOM
temneparype. [lepuon nomypacnaga AUBH namuoro mpe-
BBIILIAET BPEMs! MIPOBEACHHS OIBITA, YTO JIABaJI0 BO3MOX-
HOCTh TIOIICPKUBATh MOCTOSIHHYIO CKOPOCTh MHHIIMHPO-

BaHUs B TCUYCHHUC BCCro SKCIICPUMCHTA W MOCTOSHHYHO
CKOPOCTb OKUCJICHUS P MAJIbIX FJ'IY6I/IHaX TMpEBPaALICHUA
BC.

Pe3ynbTaTsl HccaeoBaHusA U UX 00CyXK/IeHHe

[poBeneHbl WccnenoBaHus CIPYKTYPhI TTOPOIIKOB
YHC u YHC-Br. Yrneponssie HaHOUaCTULIBI IMEIOT ce-
pudeckyto GpopMy. Pazmep oTnensHBIX HaHOUACTHI] (MCXO0-
1 u3 TOM- u COM-u3o0paxenuit, puc. 1, a u 1, g) co-
craBisier 5+40 HM, OHH coOpaHbI B Oonee KpyIHBIE ariio-
Mepatsl. Pasmeps! u ctpykTypa HaHodactv YHC u YHC-
Br He ommmuamich Apyr OT Apyra, 4To CBUACTENLCTBYET 00
OTCYTCTBUM TNPUHLUINAIBHOTO BIMSHUS OpOMUPOBAHUS
HaHoc(ep Ha 3TH MapaMeTphL.

JlaHHBIE aHATM3a 3IIEMEHTHOTO COCTaBa YKa3bIBAJI Ha
Hamure B coctaBe YHC, kpoMe OCHOBHOTO 3JeMeHTa —
yriaepona, Tarke kuciopona (tadm. 1). MoxHO npearno-
JIOXKUTB, YTO 00pasiibl B MPOLIECCE XPAaHEHHsT HA BO3AyXE
CIIOocOOHBI HE3HAUMTENBbHO OkucisThes. YHC-Br conep-
aT B CBOEM COCTaBe, KpOMeE YIJeposia U KHCIIOpO/ia, TaK-
e OpoM (at. mons 2,16 at. %).

B HUK-criektpax momy4eHHBIX 00pa3ioB (puc. 1, &) mo-
J10ca TIOMIONIEH s B muarnasone 1586-1591 cM ™ otHOCHT-
cs K konebanusiM ¢zt C=C B yriiepofHOM CKenere Ha-
Hocdep, a momoca 1500 cM ' XapakTepu3yer Hanuune GeH-
30mbHOro Kombla B OpomupoBanHbix YHC. Iomoca B 00-
nact 1714-1726 cM ' cOOTBETCTBYeT KONCGAHMSIM CBSI3H
C=0 B xapboHmnbHOM rpymme. B obpasue YHC npucyr-
CTBYIOT crabble monockl 2848 m 2918 o' (konebanms
cesi3u sp° C—H), B 06pasite YHC-Br BISBIICHBI OTOCHI B
o6macti 1015-1326 cm ™, KOTOpbIE MO’)KHO OTHECTH K CBSI-
3sm C—O—C. Vcxomnblii 1 OpOMUpPOBAHHKINA 00pa3Ifbl CO-
Jepkany HeOONBIOE KOMUYECTBO KHCIIOpPOJa, KOTOPBII
MOT BXOJIUTb B COCTaB KapOOHUIIBHBIX, 3(UPHBIX TPYIIL.

B crekrpax KOMOMHAIMOHHOTO PaccestHsl MOHOKPH-
CTAUTMYECKOT0 Tpaduta MpOosBILETcs OIHA WHTEHCHBHAS
ymHust npu 1580 oM ', KOTOpast COOTBETCTBYET BHOPALIAM
yrieposroro ckenera atomos C (sp) [25]. B criekrpax xe
Pa3MMYHBIX YITIEPOIHBIX MaTepUasioB (ayMas, aMop(HbIiH
YIIIepon, YINIEPOAHBIC HAHOTPYOKH, YITIEpOAHAs Caka)
TOSIBIISICTCS JIOMOJHHUTENbHAs JIMHKS B o6nacti 1350 e .
[NepBast muaMsS 0003HaYeHa Kak G (COOTBETCTBYET MOHO-
KpHCTAJUTNYeCKOMy rpaduTy), Bropas — D (xapakrepusyer
Pa3ynopsIOUEHHOCTh U HAIMYUE JIe)EKTOB B CTPYKTYpE).
KomyectBo Takmx medekroB MoKeT ObITh OLEHEHO MO
cooTHoIIeHHIO nHTeHCHUBHOCTEH D- 1t G-mmamid (Ip/1g).

B cnextpax KP o6pasuos YHC u YHC-Br npucyrer-
BytoT ooe ymuni — D u G (puc. 1, 6). ITonocer gt YHC
HOSIBISUIACH B 00nacTi okono 1327 u 1588 oM, wist 00-
pasua YHC-Br — nipu 1326 cM ' m1 1584 cm . CootHoe-

Ta6mima 1. Conep:kaHue 3J1IeMEHTOB B HCCJIETyeMbIX 00pa3nax

Obpazern C, O, Br,
at. % at. % at. %

YHC 98,49 1,51 -
YHC-Br 95,73 2,11 2,16
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Puc. 1. DreKTpOHHO-MUKPOCKOITIYECKHAE CHAMKH CTPYKTYpBI M CIIEKTPbI HccieoBaHHbIX 00pasioB YHC u YHC-Br: a — [IDOM-
modpaxerre YHC; 6 — criektpet KP YHC (/) 1 YHC-Br (2); 6 — COM-mobpaxernue YHC; e — UK-cekrpst YHC (/) u YHC-Br (2);
0 — M300paxeHne PO CTEKNIa ¢ HaHeCEHHBIM 13 OersmitoBoro crirpra Y HC-Br; e — npodmib cedeHnst uepe3 HECKOIBKO YIIIepoyi-

HBIX CIPYKTYD

uue Ip/lg i YHC u YHC-Br cocrarmster 1,2. B cniektpax
KP monoca oxono 2630 cM ' yKa3bIBaeT Ha BBICOKYIO CTe-
TIeHb COBEPLICHCTBA KPUCTAIUTMUECKON PELIETKU B chepr-
yeckux HaHodactHiiax YHC u YHC-Br, urto xapakrepHo
JUTSL “U7CANTBHBIX” BIIOKEHHBIX JPYT B JPyra YIJIEPOTHBIX
ceprueckux obomouek [26].

Jnst onpenenenust pasMepoB HaHOC(EP HCIOMb30BATH
aTOMHO-CHJIOBYIO MHKpockoruio. [lomydeHHsie m300pa-
JKEHUsI Tororpay MOBEpXHOCTH KBapLIEBOTO CTEKIA C
HaHeceHHbIM YHC-Br mokaspiBatoT Haimure Ha Hell Ha-
HOPa3MEpHBIX CTPYKTYp (puc. 1, 0). BeICOThI emrHUYIHBIX
MTMKOB Ha [TOBEPXHOCTH CTEKIIa COCTaBIIIM OT 5 110 40 HM,
YTO COOTBETCTBYET AMAMETpy YriiepomHsIx HaHocgep [27].
OcHoBHass Macca HaHOYACTHIl MMena pasMepbl 6—-10 HM
(puc. 1, e). OOHapYKEHBI TAloKe YACTHLBI OONMBLINX pas-
MEpPOB, HO X KOJIMYECTBO HE3HAUNTEIBHOE.

Ycranosneno, uro YHC u YHC-Br topmozst pamu-
KasbHo-1IenHoe okucieHne BbC. OHM mposBISIOT BbIpa-
skeHHyr0 AOA, 9To MOATBEPXKICHO SKCIIEPUMEHTATBHBIMU
pesynsratamu (puc. 2). CKOpOCTh HEMHIMOMPOBAHHOIO

oxuciennst BC (W) coctasimsuma 3,5-10°° morms/(1-c). Bae-
JICHUE B OKUCTISIIOLIYIOCS CUCTEMY YITIEPOAHBIX HaHOcdep
B JIManasoHe KoHueHTpamuii 3-10°-3-10" r/n Beno K 3a-
MeieHnto noromenus kucinopoga bC. Tak, mpu KoH-
uentpayu YHC 5107 t/n ckopocTh oxucnenust bC
yMeHbIanack 10 2,6:10° Moms/(i1-c) (Ha 26 %), a 1pu KoH-
uenTpargm 2,5-107 /i — 10 0,810 Mors/(11-¢) (Ha 77 %).
Jmst YHC-Br npu KOHIIEHTpaluy HAHOYACTHII 5107 t/n
CKOPOCTh OKHCITGHHSI CHIKanach 10 2,3-107° moms/(71-c)
(1a 34 %), a npu KormerTpauuu 2,5-107 /i — 1o 0,4-10°°
Monb/(1-¢) (Ha 89 %). 3aBUCUMOCTH CKOPOCTH MHIHOHPO-
BaHHOro okucieHust bC or KOHIEHTpayK MCCiIeLyeMbIX
WHTUOUTOPOB UMEET NpeAesbHbIN Xapakrep (puc. 3). Ilpu
koHuentpaiu YHC wm YHC-Br, npesbnnaromeit 0,3
I/J, CKOPOCTh OKHCIICHMSI CyOCTpaTa He 3aBHCUT OT KOH-
LEHTPALMH HCCIIEAyeMbIX HaHoc(hep H, BEPOSTHO, MPeod-
JafiaeT JIMHEHHBI MEXaHW3M THOCIH MEPOKCIIBHBIX pa-
JuKanoB. [Ipy Takux ycrmoBUSIX UIMHA LEd CTaOWITH3H-
poBanHoro okucnenus bC v = W, /W; = 18 (puc. 3), T. e.
MPOLIECC MPOTEKAET B LIITHOM PEXKME.
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Puc. 2. Kunetnka rorionieHust KHcioposa OeH3WIOBBIM
crmpTtoM B niprucyrctBud Y HC-Br (HavasibHbIe KOHIIGHTpa-
i [ —01/m, 2—0,08 v/, 3 — 0,16 v/m)

U3 3aBucuMocTa mapamerpa F= W W '— W-Wy ' (W =
Wy npu [YHC]p) oT HauanbHOM KOHIIEHTpAMK HaHocgep
W TIpU M3BeCTHBIX W, H k¢ (KOHCTaHTa CKOPOCTH OOpbIBa
neneil okucieHnss bC npu B3auMOAEHCTBIN IBYX TTEPOK-
CUITBHBIX PafMKallOB) OLIEHEHBI A(P(EKTUBHBIE KOHCTAHTHI
ckopocTy 00pbIBa 1ierelt okucienus bC.

3HaueHus f kroo® BEIYUCISITN TI0 YPABHEHHIO [24 ]

Shroo =(WgW'=W-W5")- Wik "/ [VHCLo. (1)

OKCIEPUMEHTAIBHO BEIMUHHY f kroo® MOXKHO TIOTY
YUTH U3 3aBUCUMOCTH TIapaMeTpa F (CTeneHr TopMo3siliie-
ro neiicTBus uHruouTOopa Wy W ww,! or navanbHo#
KOHLIeHTpalwy yriaepoansix HaHocdep [YHC]y (puc. 3)
[24, 28]:
— ﬁROO~[yHC]O

Wk,

U3 rpaduka (prc. 3) onpenernsiemM TaHT€HC yIila HaKIIo-
Ha ipsamoit 1' B koopmuHatax [YHC]—F:

F
tgo = —— 3)
[VHC],

[Ipu ckopoctu wuHMLIMMpOBaHUsA W, 2,9810°
MOITB/(JT-C), BENMUMHE KOHCTAHTHI ks = 2,8-107 11/(MoIB-C)
[22, 23], tg o= 20,5 1/r nomy4yaem BenuuuHy f kroo = 18,8
1/(r-c).

Jlist cpaBHeHHS, 3()PEKTHBHbIE KOHCTAHTBI CKOPOCTH
uarubupoBanus okucieHus: bC ¢ymmepenom Ce 1 ero
MPOU3BOIHBIMH, CTHPOJIOM, (PEHIIIMKIIOrEKCEHOM U HO-
HOJIOM OBLTH PACCUMTAHBL, UCXOAS U3 JIUTEPATypHBIX JaH-
HBIX (Tabm. 2) [18, 19, 29]. AHamu3 pe3ynbTaToB UCCIIEIO-
Banmii iokazan, uro YHC u YHC-Br srstrorcs Oonee 3¢-
(DEeKTUBHBIMI MHTHOWUTOpAMH KUIKO(PA3HOr0 OKHCICHHUS
BC, uem monoGHbIe 1o cBoeii cTpykType (ymieper Cep 1
ero 9SK30MOAM(HULIMPOBAHHBIE aHATOTH. QdeKTHBHAS
KOHCTaHTa CKOpOCTH oOpbiBa werneld okucneHus bC 1o
TIEPOKCHIIBHBIM PaMKaIaM JUTsl UCCIIEIOBAHHBIX YIICPOA-

Wy w-w.-w," )

>
[«
1
)
oo

S F
S35 .47
?:Q 2
S 3,0 | 71 6
=
© 25t 15
= 20 14
15 + 13
1,0 + 12
1
05 u 1
0,0 : : 0
0 0,1 0,2 03

[VHC(YHC-Br)]o, /1

Puc. 3. 3aBHCHMOCTE CKOPOCTH OKWCIICHUSI OCH3HMIIOBOrO
crpra (W) n iapamerpa F'= Wy W'—W-W;" oT HauasbHbIX KOH-
uentparmii YHC (1 u /') n YHC-Br (2 11 2') cOOTBETCTBEHHO IpH
cKkopocTH uHMmmpoBanus W, =2,98- 10 mons/(i1-c), 50 °C

HBIX HaHocep mpeBocxomuT 3(P¢EeKTUBHBIE KOHCTAHTHI
s pynnepera Cego ¥ €ro raioreHUpOBaHBIX MPOM3BOHBIX
B 1,5-130 pa3. [Ins OpomupoBaHHbIX Tipon3BoaHbix YHC-
Br u CyBr4 3Ta pazHuiia HaumMeHee CyLIeCTBEHHAS — BCe-
ro B 1,5 pa3a. OmHako, mo AOA wucciemnyeMbie 0ObEKThI
YCTYIAroT CTUpOITY (B 2 pa3a) M U3BECTHOMY ITPOMBIIILICH-
HOMY WHTAOMTOpPY OKUCIICHHUSI OPraHMYCCKUX CyOCTpaToB
HOHOTY (B 6 pa3).

Mexanusm oOpbiBa nerneit okucaenust bC yrieponHsl-
MM HaHoc(hepaMyl Ha JTAHHOM 3Tare MCCICIOBAHUS yCTa-
HOBUTH CIOXKHO. OTHAKO, PE3yabTaThl U3YUEHUS CIICKTPOB
ANIEKTPOHHOTO TMApPaMarHUTHOTO PE30HAHCA PaIUKAJIOB,
O0pa3yIOIMXCA TPU  B3aUMOICHCTBUM Pa3IMYHBIX 10
CTpOCHHIO payMKaioB ¢ QymiepeHoM Cgy, CBHIETEIBCT-
BYIOT O TOM, 4TO aTaka pamukania ROO™ cenekTHBHO Ha-
TIpaBJIeHA T10 T-CBSI3U C 00pa30BaHUEM CTaOMIILHOTO Paji-
kaa ROOCq [29]. Ucxoms w3 manHbix WK-criekTpos,
YHC npezcraBistor co0oii MoMoineruHOBYIO CTPYKTYPY,
TaK ke, KaKk ¥ MOJIeKyJibI pysuieperoB. Ha ocHoBaHMM 3T0-
ro akra mis ormmcanus oOpbiBa 1iernelt okucnens bC
HCCIIETyeMbIMUA HAHOYACTULIAMU MOXKHO MPEIJIOKUTD U3~
BECTHBIA MEXaHU3M JUIS MIPOLIECCOB PaIUKATBLHO-LIETHOTO
OKHCJICHUSI OpPraHHYECKHX CyOCTpaToB ¢ oOaBKamu (yii-
niepeHos (cxema 4 u 5):

. AN /S | |
R + — — > R—C—(* (memnenno) (4)
/C C\ C| ?
| | |

AR @
e >C=C< — peakIMOHHBII IIEHTpP B MOJIEKyie HaHochep.
B npenniaraeMoM HaMu MexaHU3Me, peakis (4) sBisieTcst
mmumutapytomei. [lo HanleMy MHEHHIO, aKTUBHOCTB c(he-
PHUYECKUX YITIEPONHBIX HAHOYACTWII B OOpbIBAax Leren
OKHCJICHUsSI OSH3MIIOBOTO CIUpTa OOBSICHSETCS OONBIINM
KOJTMYECTBOM JIBOMHBIX CBSI3EH YIIICPOA—YTIIEPO] B UCCIIC-
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Tabmia 2. ¢ peKTHBHBIE KOHCTAHTHI CKOPOCTH MHTHOH-
poBaHusi okucjieHus 0enzuinosoro cnupra YHC, YHC-Br,
dynnepenom Cg 1 ero raioreHUPOBAHHbIMHM AHAJIOTAMU

Huru6urop Jkroo,

1/(r-c)

YHC 18,8
YHC-Br 20,79
Ceo 0,397
C60BI'24 12,5
CeoCls 0,698
CeoCly2 3,176
CooClog 0,638
CeoF36 0,388
CooFas 0,159
1-(hermn-1-1mKsIoreKceH 3,60
Crupon (1-BUHAIOSH301T) 38,08
Wonon (2,6-m-mpem-6yrun-4-merusdeHon) 118,18

JyeMBIX CTpyKTypax. lIprucoemHeHre cBOOOIHBIX paju-
KaJIOB, BEPOSITHO, IPOUCXOUT IO TT-CBSI3H.

BuiBoabl

Takum 00pa3oM, HaMH BIIEpPBBIC BBISIBICHA CIOCOO-
HOCTh K MHTHOMPOBAHHIO PAIUKAILHO-LEITHOIO OKHCIIE-
nust BC yraeponasiMu Hanocdepamu pasmepom 5+40 HM.
INokazaHo, 4to 3¢ peKTHBHAs KOHCTaHTa CKOPOCTH 00pbIBa
neneil oxkucieHuss bC 1o nepokCHIBHBIM pajyKaiam s
uccnenosaneix YHC u YHC-Br npeBocxouT aHaIorny-
Hble Tokazatemm i dymiepera Cq M €ro raloreHupo-
BaHHBIX Npon3BOAHBIX B 1,5-130 pa3. OnHako 91v 3Have-
HUs B 6 pa3 MeHblIe 3((EeKTUBHOW KOHCTAHTBI CKOPOCTH
obpeiBa 1ereli okucnenuss bC wmoHonmom. [lomydeHHsle
HaMH PE3yNbTaThl YKA3bIBAIOT HA HOBBIC MEPCIIEKTHUBHI
WCTOJB30BaHMsI YITIEPOAHBIX HaHOC(HEP B KadecTBE UHTH-
OUTOPOB OKWCIICHHSI OPIaHUYECKUX COCIIMHEHUM.
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ByruieneBi HaHocdepu B 00pHBI JIAHIIOTIB
OKHCHEHHS 0€H3WI0BOI0 CIIUPTY

K.O. Kupnaul, .M. K'wneneeal, E.B. llIenydeol,
B.B. erzneuuubxuﬁz, €E.B. HOleHKiHI, P.C. Kund'

! Inemumym Gioopeaniunoi xivii ma nagpmoximiii HAH Vipainu
Yxpaina, 02260 Kuis, Xapvkiecvke wioce, 50: e-mail: kyrpach_ibpc@i.ua
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Texuiunuii yenmp HAH Vrpainu
Yxpaina, 04070 Kuis, eyn. Ilokposcvka, 13

TIPH OKWCHEHHI MOJENIBHOI cructeMn OemswioBoro crmpty (50 °C, imimarop — 2,2'-a30-0ic-
1300yTrpoHiTpwI). BeraHoBieHo, 1o 1i peYOBHHN OOpPHBAIOTH JIAHIIOTH iHIIIHOBAHOTO OKHC-
HEHHs1 OCH3WIOBOIO CIIMPTY B PE3YIIBTATI B3AEMOIII 3 IEPOKCHIIBHMUM pajiikaiamu. [TokazaHo,
0 e(heKTHBHI KOHCTAHTH IIBHIKOCTI 0OpWBY JIAHITIOTIB OKWICHEHHS CYOCTpaTy JIOCIiDKEHIMH
BYIJIELIEBUMH HaHOC(hepaMy MepeBEPIIYIOTh aHAIOTTYHI MOKa3HUKH 11 (hynepeHy Cq Ta Horo
TaJIOreHOBAaHUX aHAOTIB B 1,5—130 pasis.

Carbon nanospheres in the chains termination
of the benzyl alcohol oxidation

K.A. Kyrpach', T.M. Kamenevd', Ye.V. Sheludko',
V.V. Kremenitskiy’, Ye.V. Polunkin', R.S. Zhyla'

!Institute of Bioorganic Chemistry and Petrochemistry of the NAS of Ukraine
Kharkiv highway, 50, Kyiv 02260, Ukraine, e-mail: kyrpach_ibpc@i.ua
*Technical Centre of the NAS of Ukraine
Pokrovska Str., 13, Kyiv 04070, Ukraine

The peculiarities of the antioxidant effect of the carbon nanospheres and their brominated
derivatives in the oxidation of benzyl alcohol model system (50 °C, the initiator — 2,2'-azo-bis-
isobutyronitrile) were investigated. The compounds terminate chains of initiated oxidation of the
benzyl alcohol interacting with peroxyl radicals. It was shown that the effective rate constants of
chain termination substrate oxidation with studied carbon nanospheres exceed the corresponding
values obtained for the Cg and its halogenated analogues in 1,5-130 times.
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Synthesis and structure of sulfur-containing
antifriction additives for lubricants

Yu.S. Bodachivskyi, G.S. Pop

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
1, Murmanskaya Str., Kyiv 02094, Ukraine, Tel/Fax: (044) 559-60-59

The resource and energy saving, environmentally friendly method of obtaining of extreme pressure
additives for lubricants, that is differed from the known by improved technical and economic pa-
rameters of fatty esters sulfurization with elemental sulfur was developed. The structure and struc-
tural peculiarities of the obtained products were determined by IR-spectrometry and differential

scanning calorimetry.

In the field of lubricants the sulfur-containing hydrocar-
bons, especially olefins, vegetable oils and their esters play
a key role. These compounds contain sulfur in 0, -1 oxida-
tion state bound either to carbon or sulfur atoms forming
tribo-active mono-, di- and polysulfide groups that provide
high antifriction and antiwear characteristics of lubricants of
various purpose at low concentrations. Except excellent
lubricating properties they are ecologically friendly for the
environment and in contrast to commonly used additives
such as chlorinated paraffin and derivatives of heavy met-
als, subjected to biodegradation without formation of toxic
substances [1].

The production of sulfur-containing additives for lubri-
cants began in the first half of the last century and con-
stantly increases for nowadays with the development of
modern technology, operating at high speeds and loads. In
scientific and technical literature there are a growing num-
ber of publications devoted to the synthesis of new sulfur
carriers. They differ in methods of synthesis, chemical
structure and composition, nature and origin of the initial
reagents [1-14]. The different types of alkenes [2—4], espe-
cially o—olefins with different length of hydrocarbon chain
(CeC50) [3] and terpenes [4], alkylphenols [5], synthetic
alcohols [6] and acids [7] and their esters [8], acrylates and
salicylates [9], oils and animal fats [7, 10, 11] and their es-
ters [12—14], also various compositions based on these re-
agents [3, 14] are the main raw material in the production of
sulfur carriers.

Being aware of fossil organic material fund exhaustion,
high cost and environmental disadvantages of mineral-
based products, using renewable plant material, especially
oils and their esters is a more rational in our opinion. The
choice of oils or esters is outstanding. Oils have better lu-
bricating properties [1], but lower thermal-oxidative stabil-
ity, because of relatively easy oxidation of B-ester carbon
atom in the molecule of triglycerides. Sulfurization of oils
occurs at high temperature namely 180-200 °C for 1,5-2,5
hours and additional input of reaction activators. In such
circumstances as a result of cross-linking of triglycerides
molecules and the formation of solid factice- structures it is

possible to bind chemically not more than 25 wt. % of sul-
fur, that makes impossible to use them [10].

Oils esters obtain the transesterification with low mo-
lecular alcohols (alcoholysis). Upon methanolysis, a mix-
ture of higher fatty acid methyl esters (FAME) as “bio-
diesel” well-known commercial product. The prospects for
increasing of production volume of this fuel in Ukraine are
attractive and desirable for economic and political realities,
and also due to the actual environment situation, since the
lubricating ability of biodiesel is contributed to a longer life
of the nozzles and increased the overhaul life of the engine
for almost 50 %, while reduced toxic oxides of carbon and
nitrogen.

However, in opposition to the positives of methyl esters
as a fuel their exploitation in lubricants is problematic in
terms of environmental concerns due to the using of toxic
methanol and creation of high hazard in the production and
application of FAME.

According to the known methods of sulfurization, not
more than 28 wt. % sulfur in the presence of 0,5-1,0 wt. %
activators, such as 2-thiobenzothiazole, polyethylenepoly-
amine and their mixtures, or in the case of crude esters —
0,1-1,0 wt. % activators-corrosion inhibitors: azimido-
benzene, high-alkali calcium alkylsalicylate, etc. may be
introduced in the molecules of methyl esters of oil acids
[12]. In the patent [13] a mixture of methyl esters and ele-
mental sulfur is heated in three stages: up to 160-165 °C,
then slowly up to 175-180 °C for 3045 min and 3045
min of holding in addition. In both methods the sulfuriza-
tion process is completed at 170-180 °C and accompanied
by releasing of hydrogen sulfide into environment.

Regardless on the fact, that sulfur carriers are used in
lubricants for about 100 years, the discussion about the
structure and properties of the products depending on the
conditions of synthesis is carried out till now. The differ-
ences in the structure of the products obtained from various
raw materials by counter methods are reported, the mecha-
nisms of reactions, involving parallel formation of by-
products are proposed [1, 14-16]. The dark color of sulfuri-
zation products, also, is remained unsolved.
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Scheme 1.

The development of the method of producing of sul-
furized additives for lubricants, based on renewable
ecofriendly natural raw materials and the study of their
structure and properties depending on the process condi-
tions, ratio of initial reagents, sulfur content are the aims of
our work.

Experimental

We solved the problem by sulfurization of higher fatty
acid ethyl esters (FAEE) of rapeseed and sunflower oils
with elemental sulfur as follows [17] (Scheme 1).

For this purpose FAEE mixed with elemental sulfur in
calculated quantities. The resulting reaction mixture was
heated to 130-150 °C for 10-20 min, then the temperature
was raised to 160—165 °C and maintained under these con-
ditions about 20-30 minutes depending on the composition
of the starting materials. As a result, we received sulfurized
FAEE (Eterol-S,) with a content of chemically bound sul-
fur (n = 1-46 wt.%). The course of reaction was monitored
by the change of free sulfur concentration in the system.
Sulfur, unlike sulfur carriers, is poorly soluble in hydrocar-

bons, so the samples were taken and dissolved in heptane
during reaction. The moment when sulfur is not crystallized
from solution upon cooling is taken as the time of the end
of reaction. The mixture is kept under established optimal
conditions for 5-10 minutes before total closure of the
process.

The ratio of the reagents, conditions and results of syn-
thetic studies are summarized in Table.

The determination of structure and composition of sul-
furized products are studied by IR—spectrometry and differ-
ential scanning calorimetry (DSC) and other properties are
determined by conventional standard methods.

Results and discussion

Analysis of the obtained synthesis results, summarized
in Table, shows that the use of FAEE the conditions of sul-
furization compared to the same process for rapeseed oil
[10] or FAME [12-13] based on it are greatly alleviated.
Thus, the process temperature is decreased from 180-200
°C for oil (sample 1) and 175-180 °C for esters (sample 2)
to 160-165 °C (samples 3—8) with reducing the duration of

Conditions and results of the synthesis of sulfur-containing esters of higher fatty acids

Ne Initial reagents and conditions of sulfurization Results of synthesis
Reagent S Quantity, | Tempera- | Duration, Yield, |S Content,|Viscosity,| lodine
Name Quantity, wt.% ture, °C min wt.% wt.% mm?/s value,
wt.% (40°C) | g,/ 100 g
Rapeseed 160-175 2040
Lol °2.0 8.0 180200 | e0-110 | *° T4 ] 3052 3
160-165 10-20
2 | FAME 87,0 13,0 3045 95 12,4 43,13 -
175-180 30-45
130-150 10-20
3 | FAEE 95,0 5,0 160165 20-30 100 5,0 8,46 53,36
130-150 10-20
4 | FAEE 90,0 10,0 160165 20-30 99 9,9 14,56 48,83
130-150 10-20
5 | FAEE 85,0 15,0 160165 20-30 98 14,7 39,34 47,61
130-150 10-20
6 | FAEE 80,0 20,0 160165 20-30 98 19,8 55,9 47,06
130-150 10-20
7 | FAEE 70,0 30,0 160165 20-30 97 29,1 93,87 46,44
130-150 10-20
8 | FAEE 60,0 40,0 160165 20-30 96 38,4 158,49 45,55
130-150 10-20
9 | FAEE 50,0 50,0 160165 20-30 91 45,7 281,83 44,79
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Figure 1. IR-spectra of sulfurized fatty acid ethyl esters with sulfur content, wt.%: 1—5;2—19,8;3 —38,4

the reaction for 50100 min and 4060 min, respectively.

IR—spectra analysis of initial rapeseed oil and ethyl es-
ters clearly indicates the presence of stretching vibration of
C=0 group at 1740 cm™' and C-O at 1190—1160 cm ' that
distinctive for esters structure —C(O)OR, and the broad low
intensity band in the range of 3650-3200 cm ' correspond-
ing to hydrogen bonds [18, 19]. There are also stretching
vibrations of -CH, groups at 2985-2850 cm ', pendular
vibrations of methylene groups «(CH,),— (m > 4) at 720
cm ' and deformation vibrations of <C—H groups, includ-
ing: asymmetric —CH; (1430-1410 cm '), symmetric -CH;
(1380-1370 cm') and internal deformation vibrations —
CH, (1485-1445 cm'"), typical for groups in long hydro-
carbon chains. Also weak intensity bands at 3020 cm ' and
in the region of 1005-675 cm ' corresponding to different
types of =CH bonds [19, 20] was found.

In the spectra of sulfurized esters (Figure 1) the intensity
of latter bands corresponding to double bonds is dimin-
ished. Instead, the bands in the range of 710-570 cm ' and
550-450 cm ', typical for stretching vibrations of C—S and
S-S bonds appear. This confirms the addition of sulfur
mainly at double bonds, according to the proposed scheme.
The intensity of these bands is amplified when the number
of bound sulfur increases. Due to the introduction of elec-
tronegative sulfur atoms to fatty acid esters molecules the
intensity of the deformation vibrations of the C—H bonds in
the hydrocarbon chains is grown with small offset of fre-
quencies to negative values. Absorption band at 720 cm'
corresponding to pendular vibrations of methylene groups
diminishes with sulfur content increasing, This indicates
both an increasing in the number and length of sulfide

groups and the cross—linking of the hydrocarbon chains.
The latter is well correlated with the changes in viscosity
(Table).

In the spectra of Eterol-Ss and Eterol-S,, samples the
bands at 967 cm ', corresponded to disubstituted ones are
observed and starting with Eterol-S, the bands at 840-800
cm ' corresponded to trisubstituted alkenes derivatives are
occurred [19]. Such transformations in the structure are
correlated to the change of Eterols—S, viscosity with in-
creasing of sulfur content in the entire temperature range

(Figure 2).

i il il 30 Jii S
Sn, %o
Figure 2. Semilogarithmic dependence of viscosity (Igv) on
the concentration of bound sulfur (S,) at the temperature of, °C:
1-40,2-60,3-80,4—100
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On the other hand, it indicates that except sulfur addi-
tion to double bonds, a side reaction as the substitution of
hydrogen by the o—methylene groups at these bonds occurs.
This course may occur with preservation or migration of
the double bonds follow by the temperature rising, accord-
ing to the scheme 2 [15].

The results of iodine values analysis (Table) confirm
this course of reaction.

Isomerization of the double bonds with formation of
conjugate systems is accompanied by the darkening of the
reaction products. The color is changed to purple or even
black with temperature rising, that indicates both the in-
creasing concentration of conjugated compounds and for-
mation of the chromophore sulfur derivatives such as thi-
oketones and thiophenes [1], according to the scheme 3.

The study of IR—spectra of Eterol-S, samples found that
the intensity of the bands 1n the region 710570 cm ' (C-S
bonds) and 550450 cm ™' (S-S bonds) increases with in-
creasing the reaction duration due to the growing of sulfide
chains and cross—linking of molecules. This statement is
correlated with symbatic increasing of products viscosity
and reaction time.

On the contrary, high temperature of sulfurization re-
sults in breaking of sulfide chains that is reflected in the [R—
spectra (Figure 3) by decreasing intensity of stretching vi-
brations S-S. Thus, the intensity of the band at 800 cm ',
corresponding to trisubstituted alkenes derivatives, is in-

creased and the band at 967 cm ', indicating the presence of
two substituents at the double bonds, is reduced [19]. This
is achieved by regrouping of polysulfide chains in more
shorter and their subsequent distribution along the length of
the hydrocarbon chain, due to the scheme 4.

In addition, we recorded that starting from 165 °C the
evolution of hydrogen sulfide begins, which is enhanced
with a further temperature growth. This course of the proc-
ess is accompanied by reducing of yields and products vis-
cosity, therefore, the optimal process temperature was taken
160165 °C.

o]
o=}

—

[Te}
=7}

[}
=2}

Transmittance [%]

L2
B T T

4000 1000

Wavenumber ¢m-1

500

Figure 3. IR-spectrum of Eterol-S;5 samples occurred at vari-
ous temperatures, °C: 1 —160-165; 2—170-175; 3 -205-215
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Begin with Eterol-Sy the structure cor-
responds to oligomeric state already, as indi-
cated by the absence of melting endoterm
and disappearance of solid phase transfor-
mations between crystalline modifications.
Glass transition temperature is increased
with rising of sulfur content, confirming the
growth of cross—linking degree of esters
molecules [23].

Eterols-S, are well dissolved and mixed
with all known mineral oils and lubricating
compositions for different purposes and
functional additives to them. This is allowed
to prepare the lubricants of various types and
purposes as motor, gear, industrial oils, met-

=140 -1 ~Olh =20 20

T, °C

Figure 4. DSC-curves for FAEE (1) and Eterol-Ss — 2, Eterol-S,, — 3, Eterol-Sy,— 4

The study of phase transitions of sulfurized esters was
performed by DSC, in the temperature range from minus
90 to 136 °C at the heating rate of 2 K/min and the same
thermal history. The resulting temperature dependence of
the specific heat on temperature for a series of samples Et-
erol-S, is shown in Figure 4.

As you can see, three monotropic solid-phase transi-
tions at temperatures (—89), (-81) and (-74) °© C are ob-
served on the DSC—curve for FAEE (curve 1) that is in
good agreement with literature data [21]: saturated fatty
acids with pair number of carbon atoms can form three po-
lymorphic modifications as two metastable and one stable,
and unsaturated ones, including oleic acid, are characterized
by monotropic structural transitions. Such transitions in
molecules of esters explain the formation of conformation-
ally—disordered crystal structure [22]. Endothermic peak at
a temperature of minus 34 °C corresponds to the melting of
quasistable ethyl esters crystals.

For Eterol-Ss sample (curve 2) the solid—phase transi-
tions between crystalline modifications in the range of tem-
peratures (—105 ..— 65) °C are occured, but their exact iden-
tification is impossible due to the complex composition of
the product. Instead of one clear endothermic melting peak
a doublet with maximum at (—44) ° C and (—23) °C occurs.
The emergence of the peak plurality is caused by the reor-
ganization or recrystallization as well as the presence of the
crystals of different structure in the mixture [22].

With increasing of sulfur concentration in the product
up to 10% (curve 3) the solid—phase transitions of crystal-
line modifications are not detected practically, that indicates
a significant decreasing of unbound long hydrocarbon
chains. However, free molecules capable to conformational
ordering are remained, due to the presence of illegible en-
dothermic melting peak at (-25) °C. According to this fact
the amorphous and crystalline areas in system still exist in
the system.

alworking fluids, greases and others. The
compositions with the most common indus-
trial -20A and naphthenic 5360 oils with
sulfurized esters give the lubricants with
significantly improved tribological charac-

1040

teristics.

Conclusions

1. The environmentally friendly method of obtaining of
sulfur—containing additives for lubricants by sulfurizaton of
fatty acid ethyl esters with elemental sulfur was developed.

2. The technical and economic parameters of sulfuriza-
tion, were improved particularly, the process duration was
reduced for 70—110 min compared to methyl esters and for
80—-150 min to rapeseed oil with decreasing the temperature
for 15-20 and 2040 °C, respectively.

3. The structure and structural changes of the obtained
products by IR—spectrometry and DSC, depending on the
ratio of initial reagents, temperature and duration of the
sulfurization process, sulfur content were determined

4. It was established, that Eterols—S,, form the composite
materials for various purposes with improved tribological
properties in the content of base oils.
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CHHTE3 U CTPYKTYPA CepyCOAePRAIIMX
MPOTUBO33TUPHbIX I00aBOK
K CMa3bIBAIOLIUM MATEPUAJIaM
IO.C. booauesckui, I.C. Ilon

HUnemumym 6uoopeanuueckoii xumuu u vegpmexumuu HAH Ykpaumwr,
Yrpauna, 253094 Kues, yn. Mypmanckas, 1, @axc: (044) 573-25-52

Pazpaboran sHEprocOeperaronii, 3KOIOrHIeCKA OC30MACHBIN CIIOCO0 TONYYCHHS MPOTHBO3a-
JIWPHBIX JI00aBOK K CMa3bIBAIOIIMM MaTepraiaM, KOTOPBIH OTIMYACTCS CPEI M3BECTHBIX YIIyd-
IIEHHBIMH TEXHUKO-IKOHOMUYECKHMHI HapaMeTpamMyl CyIb()HANPOBAHNS HEHACHIIICHHBIX JKHp-
HbIX 3(upoB Macen anemeHTHOH cepoit. Meronamu MK-criekrpomerpru 1 iudybepeHIatb-HON
CKaHMPYIOLIEH KaJIOPUMETPUH YCTAHOBJICHO CTPOCHME M CTPYKTYPHBIE OCOOCHHOCTH ITOMY4EH-
HBIX IIPOYKTOB.

Cunre3 i 0ynoBa CyJb(pypBMICHUX IPOTU3AMPHUX
TOAATKIB /10 MACTWJIbHUX MATePiaJIiB
I1O.C. Booauiscokuii, I'.C. Ilon

Inecmumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 253094 Kuis, eyn. Mypmanceka, 1, @axc: (044) 573-25-52

Po3pobrnieHO pecypcoeHepro3aoiaIuBIi, eKOOC3IICYHHI CIOCiO ONepKaHH TPOTHU3ATUPHIX
JIOTIATKIB JI0 MACTHIIBHHUX MaTepiaiB, SIKUIA BUPI3HSETHCS 3 TTOMDK BIJOMUX MOKpAIICHMH TEXHi-
KO-€KHOMIYHHMH TapamMeTpaMH CyITb(]iTyBaHHS HEHACHUIEHHX YKUPHHUX €CTEPIB OMIii eJIEeMEHTHIM
cyiedypom. Meronamu [H-criekrpomeTpii Ta audepeHIiiabHOl CKaHyI0qO0l KalopiIMeTpii BeTa-
HOBJIEHO OY/IOBY 1 CTPYKTYpHi OCOOJIBOCTI OZIep>KaHNX TPOIYKTIB.
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Cunres 5-cnipo-2,4,6-TpUriIpoKCUITIPUMIINHIB.
Konaencamisi HMKJIIYHMX MOXiTHUX MAJIOHOBOI'0 €CTEPy
3 KapO0aMizoM a0do0 1oro moXiTHUMHU

H.I. Kobusicua, B.M. I'onosamiox, FO.B. bezyznuii, B.l. Kauikoecobkuit

Inemumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 02094 Kuis, Xapxiscoxe uioce, 50; men. (044) 559-70-60

Ha ocHOBI niTepaTypHIX JaHUX (OIVIST) MPOAHATI30BAHO OCHOBHI METOIH OJICpyKaHHS [IMKITIIHITX
TIOXITHUX MaJIOHOBOIO €cTepy, SIKi € BUXITHIMH PEUYOBUHAMH JUISI OACPYKaHHS CITIPOLMKITIYHIX
TIOXITHUX 2,4,6-TpUTiIPOKCHITIPHMIJIFHIB, BIIOMHX CBOEIO PI3HOMaHITHOO 0i0JIOTYHOIO aKTHBHI-

CTIO.

BaxxmiBe wmiciie B XiMii a30TOBMICHHX TETEPOLHUKIIIB
3aliMaroTh TOXiaHI mipuMianHy. Taki 1recTu4IeHHi a30To-
BMICHI T€TEPOLIMKIN BXOIATH A0 CKJIaay MOJIEKY] HyKIIEi-
HOBUX KHUCIIOT, JCSIKUX BITaMiHIB, KOEPMEHTIB, aJIKaJIOi-
niB [1, 2] Ta GarathOX CHHTETUYHMX JIIKAPCHKUX 3aCO0IB
[38]. Cepen mmx cromyk moBOmi mommpeHi 24,6-
TpHOKcorekcariaponipumMiguay [9—11]. Ha ceoromsi Bimo-
MO YUMAJIO PI3HHUX CIOJYK IBOr0 KIacy, YaCTHHY 3 SKHX
YCIIIIHO BUKOPHUCTOBYIOTh y MeauuuHi. 1lle Ha mouatky
20 CT. BCTAHOBIEHO, IO AKTUBHICTH HOXimHux 2.4,6-
TPHTIIPOKCUITIPUMIIMHIB 3aJI&KUTH BiJ HAasBHOCTI Ta Oy-
JIOBH 3aMICHHKIB, SIKi PO3TALIOBaHi B 5-My MOJIIOKEHHI Ti-
PUMITMHTPIOHOBOTO KuThlisl. TOMY OCHOBHI 3yCHIUIA BUe-
HHX OyNH CIIPSIMOBaHi caMe Ha ITOMIYKH CIIOCOOIB CHHTE3Y
PI3HUX 5,5-IM3aMIIIEHHX CTIONYK IIbOTO KIIacy Ta BUBUCH-
HHM3KY JIKapchKUX 3ac00iB 13 cHomiiauMu [12], mpotu3a-
naneHuMH [13], anTrckepoTiaHiME [14] Ta 1HIIMME KO-
prcHIMH (HapMaKOIOTYHUMU BIIACTUBOCTSIMH [ 15].

Kpim Toro, MOCTiTHUKN 3HAMIUN JEsKi eMITipHYHI 3a-
JIGKHOCTI MK OyJI0BOFO 3aMICHHKIB 1 O10JIOTTYHOIO aKTHB-
HicTIO 2,4,6-TproKcorekcariaponipumMimuHia [16-24]. 3ok-
pema, BCTaHOBJICHO, 10 Ha CHOAIMHY aKTUBHICTh BILIMBA€E
TipoQoOHICT, pedoBHHM, i CTIHKICTH O TiOpONizy Ta
OKHCHEHHS B oprasizmi [18].

YMOBU YTBOpPEHHSI TPHOKCOMIPUMIIMHOBOTO IMKITY
MOAUTAIOTH Ha JBa THIH [25]:

1. Konpencamist kapbamimy abo Horo moxiiHux i3 ma-
JIOHOBUMH [26], 11iaHoONTOBUMU ectepamu [27], amimamu

C,H;OH

MAJIOHOBUX KUCIOT [28] B IPUCYTHOCTI aJIKOTOJISITIB JTyK-
HUX MeTariB [26-38].

2. Konnencanis kapOamigy abo HOro moxigHux i3 ma-
JIOHOBOIO KHUCIOTOR [39-43], ManoHumxiopuaom [44—49]
a0 IXHIMM TOXiIHUMM B KUCJIOMY (YM HEHTpaJbHOMY)
CEpPEOBHIIIL

Havinonmpeninmm ~ mMetomoM — orpumanas  2,4,6-
TPHOKCOTeKcariponipuMimuHiB (1) 3 MaloHOBUX ecTepiB
(2) 1 xkapbaminy (3) abo 1i TOXiTHUX € KOHJCHCAIIS B TPH-
CYTHOCTI JIKOTOJISATIB JTy>KHUX MeTaiiB [26] (cxema 1). Lo
PCAKIIIFO TIPOBOISATH B a0COMOTHOMY STAHOII 3 eKBIBAJICH-
THUMH KUTBKOCTSIMM JIKOTOJISITIB JIY’KHHX a00 JTyXKHO3e-
MeTbHUX MeTaltiB [26-28]. [lepeBaramu METOIy € AOCTYI-
HICTh BUXITHUX PEYOBHH [29], BUCOKI BHXOIM IIUTHOBHX
nipoaykTiB (70-98 %) i cTymiHb iX 4uCTOTH.

3amicTh KapOaminy (3) iHOOI BUKOPHUCTOBYIOTH TyaHi-
nin (4) [30-32] abo qumianmmamin (5) [33] (cxema 2). Ipu
LBOMY YTBOPIOIOTBCS CIIOMYKH (6, 7), SIKi TiApONi3yIOTh 10
BiMOBiMHYX mipuMiguHOBHX moxigHuX (1). Yacto (oco0-
JIMBO TSl OTPUMAHHSI TTOXITHUX 3 O-PO3TalyLKCHUMH 3a-
MICHHKaMH) 1Iei MeToJ1 3a0e31edye Kpallli BUXOIW IPOy-
kTiB [34]. Peaxkii mpoBogsaTh y crupti [33], Tomyoi [35]
abo 6e3 po3unHHHKIB [36, 37] 3 Buxomamu moHan 60 %.
[um criocoboM OTpUMYIOTh HU3KY (hapMaKOIOTidHHX 3a-
co0iB [18].

OnHak iHOMI KOHJICHCAITISI B TIPHCYTHOCTI JTKOTOJISITIB
JIY)KHUX METaJIiB HE Jla€ OaKaHUX Pe3yJbTaTiB, OCOOIMBO
quist NN'-nmu3aMileHux cedoBuH [38]. V Takux BUMagkax
CUHTE3 TIOTPIOHO IPOBOANTH B KUCIIOMY CEPEIOBHIIII.

R R,

OWO

O O
+ HN_NH ——————> N_ N._ * 2C,H;OH
EtOMOEt R3/ \n/ R4 NaOC2H5 R3 \n/ R4

Ri R, O
2 3

O
1

ne R;- R, - H, alkyl, Ar, allyl ta in. [26-29]

Cxema 1
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H,N.__NH R R,
2y 0
_ NH
4 HN\H/NH Ri R,
2 9 NH mot Oy 0
EtOMOE’[ ] H 6 HN._NH
R, R H,N._N. R; R, At
172 YN N 0 0
2 NH 1
NH
7
R;, R, - H, alkyl, Ar, vinyl ta in. [30-37]
Cxema 2
R; R,
O O
HO PN OH HN. _NH “H0
+ - N.__N_
T N Ry R,
O O O O
8 2 1
R, Ry, Ry, Ry - I, alkyl, Ar, All 1a in. [39-43]
Cxema 3

Konpencarisi B kucioMy cepenoBuii Oyia Hepimm
IIpenapaTiBHUM crocobomM OTpUMaHHSA 2,4,6-
TpurigpokcumipumimuHiB [39] (cxema 3). KonpeHcyroun-
MH areHTaMl MOXYTb OyTH xs10pokcua docdopy [40-42],
olToBUi aHTiapun [42], anerwmxitopun [43].

[pore, HeBenMKa TepMidHA CTIMKICTh MAJIOHOBHX KHC-
7ot (8) (cxema 3), MOpIBHSAHO 3 TXHIME ecTepaMH Ta XJIO-
PaHTiAPHIAMH, ICTOTHO 3BY)KY€E MEXKi 3aCTOCYBAHHS LILOTO
Merony [44]. 3amiHa MAIOHOBOI KMCIIOTH Ha MAaJIOHUTINX-
nopaHrigpu (9) Aae 3MOry MiBUIATA BUXOAHU IUTHOBHX
MPOIYKTIB 1 BIAMOBHUTHUCH BifI 3aCTOCYBAaHHS KOHICHCYIO-
YUX areHTiB (cxema 4).

3a3BUyail CUHTE3M MPOBOIATH 3 EKBIMOISPHUMH KiTb-
KOCTSIMH PEAreHTIB y PO3YMHAX MIETHIOBOro erepy [45],
Toyony [46], mipununy [47], miokcany [48] abo 6e3 pos-
YuHHKKIB [49]. LluM MeTomoM OTpUMYIOTE MTOXI/HI, SIKi HE
MOXKYTb OYyTH CHHTE30BaHi B TPUCYTHOCTI aJKOTrOJISITIB
[25], HAIPUKIIA]T 5,5-maenin-2,4,6-TprHOKCOreKca-
rigpomipuMiguH [50].

RiRs HN. _NH
Cl ca o+ .
Rj hit
0O O X
9 2
X-0,S,NH

JleTambHO METOMM CHHTE3Y, PeakKiliifiHa 3IaTHICTh Ta
OloJIoriyHa AKTUBHICTD MOXITHHX 2.4.6-
TPHOKCOT eKCariApONipHMiIMHIB BUKIAAEHO B orsimi [25].
BomHo4ac, BioMOCTi PO CITIPOIOXi/HI CITONYKH ITHOTO
KIIacy B OIVIIOBHX MpaIsiX Maibke BiICYTHI 1 HE cHCTeMa-
TH30BaHi. BTIM, CHipomipuMiIMHTPIOHHM OCTAHHIM YacoM
NPUBEPTAIOTh 3HAYHY yBary AOCITHUKIB. BcraHoBmeHo,
0 HYBBKHUH TEPAaNCBTUYHUM IHICKC 5,5-au3aMilieHuX
2,4,6-TpUOKCOreKCcariIponipuMiaMHIB MOKHA iCTOTHO M-
BHULIMTH CIIPO3aMIILEHHSIM Y 5-T€ TMOJI0KEHHS TPUOKCHITI-
PUMITMHOBOTO Kbl [51, 52], 1110 Ma€e BeNMKe 3HAYCHHS
TIPH 3aCTOCYBAHHI TAKMX PEUOBHH Y JIKAPCHKIH MPAKTHLII.
€ TMOBIIOMJICHHS, IO S-CHIPOIMKIIONCHTAHOBI TIOXIiTHI
TPUTIIPOKCUITIPUMITMHIB IOCUTH aKTWBHI SIK CHOJIMHI 3a-
cobu [52], Garato CHipOHNOXiTHHMX IIBOTO KIIAacy MpOSBIIS-
I0Th TinoTeH3uBHUM eekt [S1, 53], iX BUKOPHCTOBYIOTH
SIK PENaKCaHTH CKENETHUX M si3iB [55], BOHM MaloTh 3He-
OomroBasTBbHI [56], poTrcynoMHi [57], mpoTu3anaibHi [S8—
60], anTrOakTepianbHi BiactuBocTi [61-63]. [esxi cripo-

- 2HCI

R,-R, - H. alkyl, Ar, All, OBn Ta in. [44-50]

Cxema

4
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0O O O n=1 (a)
2NaOEt

Ha--Ha gl O Rt z 0 Et n =2 (6)

n (0] (0] 0 =
Et § n =3 (8)
11, a-B 2 10, a-B

Cxema 5

noxigHi 2,4,06-TpUOKCOTeKCariIpomipuMiIMHIB € HTi0iTO-
paMM MaTpUKCHUX MeTalonpoTeiHa3 [64—68], ciyryroTs
BUXIIHUMH CIIOJTYKaMH TIPH OTPUMAHHI OIMKIIYHUX KOH-
JICHCOBaHMX TipuMinHOKcazomiB [69]. Lle iHTeHcubikye
JOCITIIKEHHS, CIIPSIMOBaHi Ha PO3IMPEHHST HU3KH METOMIB
OTpUMAaHHS IOXiHHUX TAKOTO THUITY.

YMOBHO LIUTAXH OTPUMAHHS S-Ciipo-2,4,6-TpHOKCOreK-
carmiprMiINHIB MOYKHA MOIUTATH Ha TPH THITH:

1. Konnencanis IUKTIYHUX MOXIAHAX MAaIOHOBOI'O €C-
Tepy 3 KapbaMinoM abo Horo moxigHUMH.

2. CripodyHKIiOHaI3aLs IO aTOMY BYIJIELO B 5-My
TONIOYKEHH] MIPUMIITHOBOTO KiTBIIS.

3. OTpuMaHHS CHIPOTPUTIAPOKCHITIPUMIIMHIB 3 HIIHMX
CIIOMYK.

VY upoMy oIzl 3aKIEHTOBAHO YBary Ha OTPUMaHHi S-
CI1ipo-2,4,6-TPHOKCOTreKCAITIPUMIIUHIB 13 TMKITIYHAX TIOXi-
IHUX MaIoHOBOro ecrepy. Llum mumixom Boepiue Oyio
OTPUMAHO 3TaJjaHi CIIOIYKH, i Ha ChOTOJHI BiH HE BTPaTHB
CBOET aKTYaIbHOCTI.

OCKIMBKA OZHMM 3 OCHOBHHX CIIOCOOIB YTBOPEHHS
TPUOKCOMIPUMITMHOBOTO MKy € KOH/ICHCAITS TIOXiIHIX
MaJIOHOBOT'O €CTEPY 3 CEYOBHHOIO 200 il OXiMHUMY, 3HAY-
Hy yBary AOCIIIHUKH TPUAUTIA Po3poOLi Ta BIOCKOHA-
JICHHIO METOJIIB CHHTE3y LMKIIYHHUX MOXiJHIX MaJIOHOBO-
ro ecrepy. Ha cboromHi po3po0ieHo HU3Ky LIUIXIiB oniep-
JKaHHS TAKUX TIOXIMHUX. Y Miif poOOTi 3p0o0IeHO crpoly
CHCTEMATH3YBaTH MaTepiaj 3a ciocodaMu OTPUMaHHSI 1H-
KITIYHUX TTOXiTHUX MaJIOHOBOI'O €CTEepY SK OCHOBHHX IIpe-
KypPCOpIB 5-CHipOMipUMiAMHTPOHIB.

Peakuii anxityBanHs

[ukomivHi MOXiHI MAaJIOHOBOTO €CTepy BimoMi Iie 3
1884 p. Bmepme ix (10 a—B) cunresyBammm W. Perkin Ta
criBaBt. [70-80] ankiTyBaHHSIM MAJIOHOBOTO ecTepy (2)
pisHMME auTanoreHankadamu (11 a—B) B pHCYTHOCTI aji-
KOTOJISITIB HaTpito (cxema 5).

Ipore mume y 1921 p. nekinpka 3 HUX CHOIYK Oyio
BIIEpIIIE 3aCTOCOBAHO JIsi OTPUMAaHHS TOXigHux 2,4,6-
TPHTIIPOKCUITIPUMIIHIB HOBOTO THITy — S-CITipo-2,4,6-
TproKcorekcarnipumimuHiB. Tak, aBropu mpaup [81, 82]
TIOBIIOMILTH, IO T Yac KoHpeHcarlii ecrepiB (10 a—B) 3
kapOamizoMm (3) y cepemoBHILl aOCOMIOTHOTO E€TAHONY B
MPUCYTHOCT] €KBIMOMSIPHOI KUIBKOCTI €TWIIaTy HATpilo B

aBToKaBi 3a Temmeparypu 105-108 °C yTBOpIOOTECA
criponipumimuaTpiond (12 a—B) 3 Buxomom 61msbko 70 %
[81, 82] (cxema 6).

Ipore dpapmakonoriuny nito cnonyk (12 a—8) aBTopu
npare [81, 82] He mocmimkyBam. Jlmme y 1950 p.
Swanson E.E. Ta cniBaBT. [83] BUBWIIM aKTUBHICT BifIO-
MHX Ha TOH 4ac S-cripo-2,4,0-TpuriIpOoKCHITIPUMIIHIBb
Ha IIypax, KpolMKax i roauHi. BoHN BUSBUIM KiJIbKa 3a-
KOHOMipHOCTEH MK OYyIOBOIO Ta aKTHBHICTIO IMX CIipa-
HiB. Cepell OCHOBHMX MOYKHA Ha3BATH TaKi:

1. CriporipumianHTpioHHn Oe3 ankiTyBaHHs 1030aBie-
Hi Oy/Ib-SIKOTO CHOJIIHHOTO e(DEKTYy.

2. MOHOAITKITYBaHHSIM ATIIUAKIIYHOrO KUTBIS MOYKHA
OTpUMATH aKTUBHI CIIOYKH, ajle BCE 3JIGKHUTH Bif MO3HLIT
3aMileHHs. Hampukman, sKmo ajakiTbHI TPYMH MPUKPII-
morothes A0 B-C atoma Bix neHTpansHoro C-aToma, pedo-
BHHA € HEAKTUBHOIO, a KOJM AJIKUTBHI TPYIY BBEICHI B O-
TIOJIO’KEHHSI BITHOCHO CITIPOKapOOHOBOIO aToMa, TO CII0-
JyKd HaOyBalOTh BIACTUBOCTEH, XapakTepHUX IS 5,5-
TiasKi-2,4,6-TpHOKCOreKCaipUMiANHIB.

3. lNmHoTruHa fist 1 3HEOOMIOBANIBHUH epeKT MpOosBIIS-
€ThCS, KOJU B AITIIUKITIYHOMY KLTBITI € J1Ba 3aMiCHHKH.

4, Yum JoBIIMIA OIYHHM JAHIOT, TUM CHIIBHIIIA JTist
CIIOMTYKH 1 KOPOTLIWIA TepMiH 1 .

I3 THX mip 3’sBuOCS OaraTo mpaip, B SIKHUX OMHMCAHO
CHHTE3 caMe 3aMillleHUX CHipomipuMinguHTpioHiB. Tak, y
1952 p. peakmiero [lepkiHa cHHTE30BaHO 3aMIIICHI B IIHK-
JIOTIEHTaHOBOMY KLTBITi TIOX1THI MaJIOHOBOrO ecrepy (13 a—
B) [84] (cxema 7), a 3 HUX — BIITIOBI/THI CITIPOITIPUMITUHTPI-
onH (14 a—B), 3 BUCOKOIO AaHTUCYOMHOIO aKTHBHICTIO 1, 1110
Ty’KE€ BOKIIMBO 3 TOTIBIY iX MPAaKTUYHOIO 3aCTOCYBAHHS —
ciabkum cHomiiHMM eexroM. Lleid criocid otpumansst 5-
cripo-2,4,6-TpurinpokcumnipumianHiB (14 a—B), mo nomsrae
B KOHJEHCALlll MKIYHMX MOXimHuX ecrepiB (13 a—B) Ta
ryaHiIuHy (4) 3 TOJANBIINM KUCIIOTHUM TiAPOIi30M YTBO-
PEHHX 2-IMIHO-TpHUTiApOKcHITipuMinuHIB (15 a—B), OyB 3ama-
TeHTOBaHUi [84].

VY nonmankimomy peaxitiero [lepkina Oyimo CHHTE30BaHO
HH3KY PI3HHX Kap0o- Ta TeTepOLMKIYHIX MOXITHHX Ma-
JIOHOBOT'O €CTEpPY, 3 SIKUX OfIEpKaHO HOBI CITIPOIMOXimHi
2,4,6-TpurinpokcurtipuMimuHiB. Hanpukaz, 1ukiIoneHTe-
HMajioHoBHi ectep (16) otpumano 13 yuc-1,4-muxmnopOy-

)
O\}X;O

R E{OH n=1 (a)
0 “Et + HN._NH, O N, NH n=2 (6)
BOY 0 r )i n=3 (2)
O
10, a-p 3 12, a-B

Cxema 6
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Cxema 8

Teny-2 (17) 1 qumernmanonoBoro ectepy (18) [85, 86].
Iongiitamii 38’5130k ectepy (16) OyB (yHKIIOHATI30BaHHI
nani peakiiero [Ipinca mo miomy (19), a fioro mopasbina
B3a€EMOIiSL 3 KapOamioM TpHBEIA JI0 YTBOPEHHS Timpo-
KCUJIBMICHOT'O criponipuMiguHTpiony (20) (cxema 8).

Peaxuiero IlepkiHa MOXKHa CHHTE3YBaTH 1 T€TEPOLIMK-
JivHI moximHi 2,4,6-TproKcorekcarigponipumianHiB. Tax,
AJIKUTYBaHHSIM MaJIOHOBOTO €CTepY IMXJIOPETUIIOBUM €Te-
poM (21) B cucremi K,CO5—/IMCO aBropu npari [87] y
2004 p. cuHTE3yBaIM MiPaHOBMICHY MOXiIHY MajOHOBOIO
ecrepy (22). Y pe3ynabTarti il KoHAEHcALl 13 CEYOBUHOIO B
MPUCYTHOCT] €TWIIaTy HATPII0 YTBOPWIJIACH HOBA CITIpOre-
TEPOLMKIIIYHA TTOXiAHA 2,4,6-TpUriapoKcHITipumMiHy (23)
3 BUCOKHUM BuxoaoM (92 %) [87] (cxema 9). Bapto Bigmi-
THTH, LI0 BIEPIIC CHHTE3 CHOMYKU 23 OMHMCAaHO B Ipari
P.M. Daugerty “Spiro-amino barbituric acids” (Georgia
Tech., 1957,— 134 p.).

AHAaJOTYHO, CKOPHCTABIIKMCH MiNEepHANH3AMILICHIM

MAaJIOHOBUM ecTepoM (24), aropu mpai [88] cuHTe3yBam
criponinepuauHzaMimennii — 2,4,6-TproKcoreKcariporti-
puminuH (25) 3 BuxomoM 83 % (cxema 10).

Crijt 3a3HaYMTH, 1O BHACITIIOK ANKLUTYBaHHS MAJIOHO-
BOro ectepy (2) muopomoeranoM (26) B IPUCYTHOCTI €TH-
JaTy HaTpilo YTBOPIOETBCS ETHII-0ic-(IieTUIIMATIOHATY)
(27), monaibia mocHioBHa 00POOKA SIKOTO AJTKOTOJIITOM
JY’KHOTO MeTalty i GpoMOM Befie JI0 YTBOPEHHSI LIUKI00Y-
TaHTETPaKapOOHOBOTO ecTepy (28), KOHIEHCALIIEIO SIKOro 3
KapOamizioM (3) y pO3UMHI €TaHOIY IPH KaTajli3i eTHIaToM
HaTpil0 CHHTE30BAHO LMKIOOYTaH-0iC-CHIPOMipHUMIiIvH-
TpioH (29) [89] (cxema 11).

ukaonpueHaHHs 10 Ji€HIB

B 1949 p. C. Cope Ta cniBast. [51] 3anponoHyBamm
IHIMH croci0 oTpUMaHHs IUKITYHUX TOXITHUX MaJIOHO-
BOT'O €cTepy, SIKUM MO)KHA CHHTE3yBaTH 3aMillleHi B IIec-
TUYICHHOMY KUTBIII MTOXiTHI MaJIOHOBUX ecTepiB (30 a—K,
31 a—x). Crpateris C. Cope monsrana B MpoBeAEHHI KpO-

0] 2 0
EtO OEt 21 FtO OFt 3 0 0
TU oo g
0 b
23
Cxema 9
PhO,SO 0SO,Ph SO,Ph N’SOZPh
\LNJ/ N 9L
P T OO
HN. _NH
2 0 O bl
24 0)
25

Cxema 10
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(0]

Cxema 12

TOHOBOI KOHJICHCAIIl MiXK MaJIOHOBHM €CTEPOM (2) Ta HI3-
KOO anmbJieriiiB (32 a—K) 3 MOJAIBIIOK peakiiero 1,4-
LMKJIONPUETHAHHS MDK YTBOPEHHMH ajikeHaMH (33 a—x)
Ta OyragieHoM (34) (cxema 12).

Karanitiaaum rigpyBanasm ectepiB (30 a—x) cuHTe-
30BaHO HM3KY HOBHX LMKJIOTEKCAHOBHMX MOXimHMX (31 a—
k). Bzaemomiero mponyxrie (30 a—xk) Ta (31 a—x) i3 cevo-
BHHOIO (3) B IPUCYTHOCTI i30MPOIiIaTy HATPiI0 OTPHMaHO
BiIMOBIAHI HOBI cHiponipuMiMHTPioHH (35 a—x, 36 a—K) 3
Buxomamu 3068 % (cxema 12). dapMakonoriyHUMH J10-
CITI/PKCHHSIMH ITMX CIIOTYK BHSIBIICHO ITiIBHITICHHS iX 0i0-
JIOTIYHOI aKTHBHOCTI 31 3POCTAHHSAM MOJICKYJLIPHOI MacH.
HatiBummmii TepareBTHIHUN 1HIEKC Cepel] CHHTE30BaHHX
CIIONMYK MAloTh S-CIipo-2,4,6-TpUriIpOKCHITIpUMIIMHA 3
i30- Ta H-TIPOTUTHHUMH 3aMicHUKamu [S1].

Peakuii BHy TPilIHHLOMOJIEKYJISIPHOTO AJIKLTYBaHHS

VY 1954 p. aBropu mpaui [90] 3anporoHyBanu cTpare-
TiF0 OTPUMAHHS 2,0-M3aMIllIeHUX ITHKIOTEKCHIMAIIOHO-
BUX ecTepiB (37 6-B), sIKi HE MOYKHA CUHTE3YBaTH PEaKili-
€10 IMKJIONpPHEHAHHS. MeToa nojsrae y npueIHanHi 4-
MeHTeHUMarHiiopominy (38) 1o moaBiiHOrO 3B 3Ky Mpo-
JYKTIB KPOTOHOBOI KOHJIEHCALil MaJIOHOBOrO €cTepy 3
anpzerizamu (33 6-8) Ta rigpPoOPOMYBaHHI 3 MOJAIBIIAM
BHYTPIIHEOMOIEKYJSIpHUM ~ C-alIKUTyBaHHSIM  ITifT  JTi€I0

Et Et

g " o

eBr
O /\/\’ R adit N R

R 0

0

Et
33,6.8

O mer R O NaOC,Hs QC
O

AJIKOrOJIAITIB HATpito (cxeMa 13).

Konnencariero yrBopennx ecrepiB (37 6-B) i3 cedoBH-
HOIO (3) B MPHCYTHOCTI AJIKOrOJISITY HATpil0 aBTOPH Mparii
[90] oTpuman AU3aMilleHi IIMKIOTeKCHIICITIPOMPUMITAHT-
pionn (39 6-B). Y wiit camiii cTaTTi HaBEOECHO CTpATETil0
CUHTE3y TPH3aMILICHUX LUKIONEHTHIIAHOOLTOBIX ecTe-
piB (40 6-8) 3a nonomoroto pearentis [punbspa [90] (cxe-
Ma 14). B3aeMotist 1TiX IMKIIOMEHTAaHOBHX TTOXiTHUX (40 0—
B) 3 CEY4OBHHOIO (3) CYIPOBOKYETHCS YTBOPEHHSIM 2-IMIHO-
4,6 TpurigpoKcHITipuMiTuHIB (41 6-B), KUCIOTHAM TiapOIi-
30M SIKUX OJICPKaHO BI/IMOBITHI TPU3AMIIIICH] IIUKJIONCHTE-
HIUTOBMICHI cripormipumiguaTpionn (42 6-8) [90] (cxema
14).

Peakuii nuxsionponanyBaHHs

HasiBHicTh TOABIMHOTO 3B 53Ky B JIKLTIIEHMAIOHOBUX
ecrepax (33 a—3) Aae 3MOry BBOJWTH iX y peaKiii IMKIOMN-
ponanyBanHs. Tak, y 1990 p. B3aeMomi€ro 3 iMi1oM TprUMe-
THJICYJTL(OKCOHII0 OyJI0 CHHTE30BaHO [91] 3amileHi 1HK-
JIoNporiIManoHoBi ectepu (43 a—3) (cxema 15). Konnen-
CaIli€ro IUX CIoyK (43 a—3) i3 ce4oBHHOIO (3) B PO3YMHI
JMCO B npucyTHOCTI TperOyTOKCHAY KaJlil0o OTpHMaHO
CITIPOLMKIIONPOMaHITIpUMiHTpioHH (44 a—3) (cxema 15).
Fraser W. Ta cmiBaBr. 3a3aaurm [91], o cniomyku (44 a—3)
€ HTi0iTOpaMK TUTiPOOPOTATICTiIPOreHa31, OCOOIHBO Ti,

i

H2N i NH,
EtOH/NaOEt

39.6. 5
R - CH; (6), C,H;s (B)

37,6,B

Cxema 13
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Cxema 15

B SIKMX 3aMiCHUK R — apomaTiyHuii paguKat.

[HImMiA MeToy OTpUMaHHS TUKITIYHMX TTOXITHAX MaJlo-
HOBOT'0 ecTepy onvcany aBtopu mnparti [92]. Ecrepu (45 a—
0) BOHU 3alpOINOHYBAIM OTPHMYBATH JIBOMA LUIIXaMH —
KaTaJlITHIHAM TiIPOreHON30M OCH3WIHLHOI TPYITH TpUec-
Tepy (46) 13 MOANBLIO IMKIOACTiIPATALIEI0 CHOTYKA
(47), siKy mOTIM BIIHOBIIIOIOTH Ta €CTEPH(IKYIOTh PeaKili-
eto dimepa abo Buxomsuu 3 TeTpajioHy (48), KaTamiThd-
HHM BiTHOBJICHHSIM SIKOTO OTPUMYIOTh BiAIIOBIIHY KHCIIO-
Ty (49), a 3 Hel — ecrepu (45 a—0) (cxema 16).

Konpencartieto cedoBunm (3) 3 ecrepamu (45 a—0 1 50)
OTpUMaHoO cripornipuMiguHTpionn (51 a—0 Ta 52) 3 Buxo-
nom 95 158 % BinmosinHO (cxema 17). Peakuito npoBoasTh
B JIMCO 3 eKxBiBaIGHTHIMH KiUTHKOCTSIMH T1IPHIY HATPIIO
B CEpEIOBUILI aprony [92].

CO,CH,;
Ej/ijOZCH3

Nall, (CH,),NCHO
‘ CH,CHBrCO,CILCH;

CO,CH, P

H;C COCH,CeHs

Konpnencanist 32 Mixaesiem

[Ile omHMM IiKaBUM TPHKIIAIOM OTPUMAHHS [IUKJIO3a-
MIIIEHNX MaJOHOBUX ECTEPIB € PEAKIis MPHETHAHHS aK-
TiBHOI CH,-Tpymu ectepiB 10 moABiiHMX 3B’S3KiB 38 Mi-
xaereM. Takum mwrsixoM y 2005 p. B PHCYTHOCTI METOK-
CHJly HATpPII0 CHHTE30BAaHO LIUKIIIYHI TeTpakapOOKCHMETH -
JIOBMiCH1 cMHTOHH (53 a—x) 3 Buxomamu 75-85 % (cxema
18). V pesynbTari peaktii cionyk (53 a—x) 3 kapdamizoMm
(3) Ta exBiBaJICHTHUMH KiTBKOCTSIMH JIKOTOJISITY HATPilO B
CIIMPTI OTPUMAHO BINMOBIOHI JMCHIPOHNIPUMITMHTPIOHH
(54 a—x) [93].

CuHTe3 reTepoIKIYHAX MAJIOHOBHX eCTepiB 3 I0-
XiIHUX aMiHOMAJIOHOBHX ecTepiB

Onnak, KpiM cripokapOOLUKITIYHUX MIPUMIIMHIB 3Ha-

CO,CH
H,/Pd-C ST CO,H
CO,CH, 1250 COZH
H,C" “CO,H
0
47
H,/Pd-C | H. CH30H
CO,CH,;
49 45, a,6

R -H (a), CH; (6)

Cxema 16
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CO,CH;
H3CO OCH3 @CECOZCH3 R
o)
45,a,6 ©
(CH3)SO NaH, 2.5 h, 80 °C NH2 N, (CH;)SO, NaH, 2.5 h, 80 °C HNTNH
o 3
52 O
R -H (a), CH, (6) 51,a,6
Cxema 17
hit
R~ -R
MeCO, CO,Me 0 5 NN 5
MeO,C_ CO,Me CH,(CO,Me),; N
ArCO COAr NaOMe ArCO COAr RV _NHR  Arco COAr
Ar Ar
NaOEt/EtOH 1 1
Arl Arl Arl Arl 0O )
MeCO, CO,Me N
53, a-x R
R - H; Ar - Ph; Ar; - Ph (a) R - Me; Ar - Ph; Ary - Ph (1) 0
R - H; Ar - Ph; Ar - 4-OMePh (6) R - Me; Ar - Ph; Ar, - 4-OMePh (n) 54 a-x
R-H: A

r-4-CIPh ; Ar; - Ph ()

R - Me; Ar - 4-CIPh ; Arq - Ph (x)

Cxema 18

YHy YyBary JOCHIIHHKIB TPUBEPTAIOTh MOXiTHI 5-
CIIPOTETEPOLUKIIYHIX  2,4,6-TpHOKCOreKcari Jpomiprumi-
nuHiB. CHHTE3 OIHI€T 3 IepIIMX CIOMYK Takoro THIty (25,
cxema 10) Bxke onmcaHO BHILE, IPOTE KOAHOTO (hapma-
KonoriuHoro edexry BoHa He BusBwia [88]. IlizHirie
(1970 p.) TPUKOMIIOHEHTHOIO KOHAeHcaliero 2,4,6-
TPUTIOPOKCUITIPUMIINHY, apOMAaTHYHOTO aNbJETiay Ta
KapOamigy OyiI0 OTPUMAHO I'eTEPOLMKIIIUHI CIIOIYKH, SIKi
BUSIBUWISUTN cllabKi celmaTMBHY Ta OaKTEpiOCTATUUHY aK-
THBHOCTI [94]. ¥ 1973 p. 3anmaTeHTOBAHO TETEPOLUKIIYHI
HITPOreHOBMICHI cHiporipuminuH-2,4,0-TpioHH SIK aKTH-
BHi mpoTuBipycHi 3acobu [95]. JeransHo cocobu otpu-
MaHHS TAKHX TOXIJHIUX MU OIHIIIEMO B HACTYIHIN HAIIii
pooori. Ilpote aeski 3 OUX TETEPOLMKIIYHUX CHOIYK
MO)KHAa CHHTE3YBAaTH KOHJCHCAIEI0 TETePOLMKIIIHIX
MOXiTHUX MAaJOHOBHX €cTepiB i3 ceyoBmHOIO. Hampu-

Br M H H

EtOMOEt

EtO OFt HN-M

O O
69

—(A)—Lz

Knaj, y mateHti [68] HaBenmeHo cmocid oTpuMaHHS S-
cripo-niipumiguH-2,4,6-TpioHiB (55-68), sKki 300paykeHi
Ha puc. 1.

ABTopu nateHTy [68] 3a3HauIIM, 10 CIOIyKH (55—-68)
€ IHribiTopaMl MaTpUKCHHX MeTalonporeiHas [65-68],
TOMY iX MOJKHA 3aCTOCOBYBATH JJIsl JTIKYBaHHS OHKO32XBO-
proBanb. CTpareris ix cMHTe3y MoJsrac B KOHACHCALIiT 2-
OpomainionoBoro ectepy (69) 3 BimmoBigaruMu aminami (70)
(cxema 19). Ecrepu (71) y nomaipIioMy ankuTyroTbCA 10
aromy Hirporeny crionmykamu tumy Li-(A)-L, (72), ne Ly,
L, — nabinbHi rpymu (rasioreH, 4-MeTHigeHUICYIbPOKCH
(OTs) abo metuncynbdorcn (OMe)) 3 yTBOPEHHSIM iHTEp-
memiatie (73). BHYTpIIIHROMOIEKYJISIPHOIO IHKITI3AITE0
crionyk (73) (cxema 19) cHHTE3YIOTh T€TEPOIMKITIUHI T10-
Xi/THI MaJIOHOBUX ecTepiB (74), sIKi B pe3y/bTaTi KOHIeHC a-
1ii 13 CEYOBUHOIO YTBOPIOIOTH BIMMOBIAHI CHIPOMIpHMiIUH-

M. (A) L, M

EtOMOEt . EtOW><H/OEt

e A- maHrrior 3 3-5 aToMiB ByrIIerro abo KOMOIHAITS aTOMIB BYTIIeIio 3 rerepoaroMamu (N aGo S y pi3HOMY CTYICH:

OKUCHEHHS )

M=X-Y-Z, ne X moxe 6yt C4-Cy aryl abo C,-Cy( heteroaryl
Y e Oy ap-sika He3alleskHo oOpaHa rpyna 3 psay -CH,-, -CH,O-, O(CH,),-, -CH,S-, -S(CH,),,, CH,SO-, -CH,SO5-,
'SO(CHz)n'> -SO(CHy)y-, -NRyy -NR;4(CHy)p-, (CH),[N(R, )]-, -CHy(CHy),-, -CH=CH- Ta in. [64]

7= (CsCyparyl, (C4-

C)eycloalkyl, (C,-C;,) heterocyclyl, (C,-C,o)heteroaryl [64]

Cxema 19
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R R
e) 4 R3 e} /9R O_O\é R4 R3 O Rg O RQ
M R, M TN Au ] R, M N M N o
R, N Ry M-y R, N__S0, N
O O 0) O (@) O o @) O
HNTNH HNTNH HNTNH HNTNH HN\H/NH
O O O O O
35 36 57 59 60
R, Ru R; R R;; R
N R3R6 OLN| R Ry B3R R, ° R Ro 1/}
0) R 10 R 4 Rg N 6
5 Y SO 6 o} R O R
R M R 2 R. 5 y 5
M N R M.y 2 R, Ry
N, R, o 0! N Ri M-N R, M-N R
O O O O (@] o ! (@) o'l
HN\H/NH HN\H/NH HN\H/NH HN\H/NH HNTNH
o) O O o) o)
61 62 63 65 66
R
Ry Ry ,° R;3Ri2Rs
0N LR R, R R, M-XYZ
0= S RRS Ry, R ne X - Cs-Crgaryl abo C4-Cq heteroaryl
M—N ﬁ M—N R, Y - Gyap-siKa Hesane:xHo obpaHa rpyma 3 psiay -CH,-, -CH,0-, O(CH,),-, -CH,S-,
0 o 0 oRy -S(CH,),, -CH,SO-, -CH,SO,-, -SO(CH, ), -, -SO,(CHy),, -NR 4 -NR,(CH,), -, (CH,),[N(R  )]-,
HN. NI HN. NH -CHy(CH,),-, -CH=CH- Ta in. [64] .
\ﬂ/ \n/ 7 - (C4-Cyparyl, (C5-Cg)eycloalkyl, (C,-C ) heterocyclyl, (C4-C; ) heteroaryl Ta in. [64]
O O R; - Ry; me HezanexHo oGpana rpyma, mo Moxe Mictuta -H, (Ci-Cjpalkyl,
67 68 (C;-C4)alkenyl, (Ce-Cyparyl, (C4-C pheteroaryl, (C4-Cq)eycloalkyl, (C4-C)pheterocyclyl Ta in. [62]
Puc. 1.
2,4,6-tpioru (55-68) [68]. BuxonoM 55-57 % (cxema 20).

AHAJIOTTYHO YTBOPIOIOTHCS N-3aMiIlIeH] MIPOITiMHMA- [NoniOHi MOXiHI MaJIOHOBOT'O €CTEPY 1, BIANOBIHO, Te-
noHoBoro ectepy (75) [96] — xonpmeHcamiero 1,3-  TEpOUMKIIMHI CHIPOMIPHMIOUHTPIOHM MOKHA OTPUMATH
aubpommporiany (76) 3 N-3aXHILEeHUM JieTHIaMiHOMao- iHImMK nosixamu. Tak, y nparpix [64, 97] onmcano crocio
HOBUM ecTepoM (77) B MPUCYTHOCTI TPETOYTHIIATY KAIitO CUHTE3Y JAKTAMOBMICHMX MOXIHMX MAJIOHOBOTO €CTEpy
(Buxin ~ 90 %). B3aemogiero ecrepy (75) i3 HU3KOIO 3ami- (79) nuIXOM B3aeMopil 2-areraMilOMaiOHOBUX €CTEPIB
LIEHUX CEYOBUH (3 a—B) OTpMMaHO HOBI N-3aMillleHi cri- (80) 13 pyHKUIIOHATIBHUMH TTOXiTHUMH aKPUJIOBOTO €CTEPY

portoxiHi 2,4,6-TprokcorekcariaporipumimuHis (78 a—B) 3 (81) (cxema 21):

R O %\o

CO,Et

t

><O N ACO:EL —»Br/\/\Br I}\ ’ 3.8 0 0
\lr Y 76 o © +-BuOK, DMCO, 0 N\[(NH

O CO,Et it 16 h H
X R ©

75 R=H (a), Bn (6), Bn-4-ODcb (8) /3 2B

Cxema 20
OR
o O 0 R, R O
= 4
R;M - NaOEt/Bu,NB o0 O R, R N-R
R3 N_Rl 384 LN %1 2cett)niltlr4ile ' P N ! 81 ’ R3 Ol\
R(f O Re h o © 0 NaOEt/EtOH R(f
0 0 NHR; aOEvEY 9)
00 N O Rz/\\)J\OR 30 { 0
79 a 83 82 9

R; - Ar, heteroaryl, Ry - alkyl; R, ,R,- Hezanexno oOpaHa rpyna, mo Moxke Mictutd -H, alkyl Ta in. [62]

Cxema 21
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R, O
R, 1 N urea RI{Z NR
R3 N NaOEt/EtOH 0 0)
R, O~ HN\H/NH
o © 0
79.79 a 85

e Ry moxe Gytu Ar, heteroaryl; Rj-alkyl; R,, R, - H, alkyl Tain. [62]

Cxema 22
S
P;Zl 0 N -R; Ni Raney
18 (0 NP
(0]
0 NI Rev R
R4 R 87 Ryl N1
Ry NI BH, ITHF R Ov/
R O~ O™~ 0
0 0
@)
& (0]
NaBH
79 Br acetomtr‘:le
acetlc acid R3
Zn TiCly,
TMEDA/DMF 2
88 a

ne Ry - HesanexHO oOpaHa rpyna, 1o Moxe MicTutd Ar, heteroaryl; Ry=Cy_4 alkyl, hydroxy;
R, , R, e HezanexHo obpana rpyna, mo moxe Micrutd -H, C;4 alkyl Ta in. [62]

Cxema 23

(0]
O o mﬁ R R -
R R;3 N
/\OMO/\ Ry L %O\
NH, 92 ¢ 0O

91

5
Rg%

R-X R2

Ry
HZN NHZ Rzgl\;Rl
E{OH/NaOEt
O

94 a 95

L - Hal, OMes, OTos; Ry - Ar, heteroaryl, R, - Rs MoxyTs 6ytH -H, alkyl Ta in. [62]

Cxema 24

[HImM MeromoM oTprMaHHS TBO3AMIILIEHUX 10 aTOMY
KapOOHY B 4-My TOJIOKEHH1 JIAKTAMHOTO ITUKITY MAJIOHATIB
(79 a) € koHIEHCaLis 2-aNKiTaMiHOMATIOHOBHX ecTepiB (80)
3 ecTepaMH 3aMillleHOI IPONapriIoBoi KUCIOTH (82) B mpu-
CYTHOCTI METUJIaTy HaTpito Ta OpoMiny TeTpalyTHIaMOHIO
B areroHitpiwn [64, 98]. YTBOpeHi miermi-5-okco-1,5-
Iuriapo-2,4-nipon-2,2-mukapookeunaty (83) MOXyTh MpH-
€THYBaTH crionyky (84), e M — BimoBiHMIA JIiraH | MeTa-
Iy, 1o Katanizye 1o peakiiro (M=CuCN/MgBrR3) (cxema
21) [64, 99]. JlakTamMOBMICHI TIOXiIHI MaJIOHOBOTO €CTEpY
(79) 1a (79 a) KOHAGHCYIOThCS 13 CEUOBUHOIO 3 YTBOPEH-
HSIM BIONOBITHUX S-cripo-2,4,6-TpUriApOKCUITIPUMIIMHIB
(85) (cxema 22) [64].

Leit Merox oTprMaHHsI CHIPOMIPUMIIMHTPIOHIB 3aria-
TeHToBaHO [64]. KpiMm Toro, B maTeHTi HaBEIEHO ITIe Kilb-
Ka [UBIXIB CUHTE3Y Pi3HUX TeTEPOLMKIIIYHIX MAaTOHOBUX
€CTepiB, sIKi aBTOPU B MONAIBIIOMY KOH/ICHCYBAJIU 3 Kap-
Oaminom. 30kpeMa onucaHo [64], 10 BiTHOBJICHHSM JIaK-

TamiB (79) Gopanom y Terparimpodypatni abo 3aMiHOIO
aroMa OKCUTEHY Ha aToM CyNb(ypy 3a JornoMoror P,S,
(86) Ta momanbIIMM BiOHOBJIEHHSM YTBOPEHMX CIOIYK
(87) Ni-Penest MoxHa oTprMaTH TeTpazaMillieHi MipoITiau-
HOBI ITOX1/THI MaJIOHOBOTO ectepy (88) [64] (cxema 23).
[NenTtazamimeni ecrepu (88 a) W. Pitts Ta fioro crriBaBr.
[64] oTprMyBanu peaxuiero aktamiB (79) 3 BiANOBiTHIMU
nubpommoxiganmu (89) B mpucytHocti Zn, TiCly, Terpa-
metuneHmiaminy (TMEDA) B Tterparinpodypani. [loma-
JIBIIMM BiJHOBJIEHHSIM yTBOpeHHMX eHamiHiB (90) Goprig-
pUIOM HATpII0 OTPHMYBAIM LIBOBI MpomyktH (88 a)
(cxema 23). Kpim Toro, Taki cami AieTwmmipoiiauH-2,2-
JukapOokcunaTy (88) cuHTe3yBalM Y pe3yJbTaTi KOHEH-
cartii 2-amiHOMasIoHOBOro ecrepy (91) 3i cnomykoro (92).
Peaxuis BinOyBanachk B OeH3eHI 3 a3€0TPOIHOIO BiATOHKOIO
Bomn [64]. Otpumani gmietnn-3,4-murinpo(2H)-miponm-
kapOokcmnaty (93) BigHOBMIOBaIM 10 mmipomiguHiB (94) i
KOHIEHCYBaIH ix 3 KapOaminoM (3). Tak onep:xyBaiu cri-
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o D Ph-ge O o R, O
4 X
N ’Rl R4 N ’Rl 1,0, N—RI HzN3 NH, R, / N/Rl
Ry 0] Ry O 0] @) 0]
7 0 j j EtOH/NaOEt . N
C 00 C 00 b
98
79 93 0
ne R; moxxe Oytn Ar, heteroaryl; R, , R4 MoxxyTs Oytu -H, alkyl ta in. [62]
Cxema 25
S Ry
R /R4 R /R4 urea Rl ! N/R4
P,So | N Ni Raney | N NaOEVEtOH o
g6 Ry Oj Ry Oj
O O O O O O HN\H/NH
Ry Ry & © & O
R;
0,0 1 ® Rs R R}; R, Rs
R a. 4 -
& Br/\SBr * | N/1{1 acle\:ItOEiI;IrAile | ! urea 10 R2 / N/Rl
97 89 R2 Oj acetic acid R 3 O NaOEVEtOH (O O
Zn, TiCl,, 0O O O HN._NH
TMEDA/DMF O 0] it
C ° N O
99, a

ne Ry moxxe Gytum Ar, heteroaryl, R, , Ry Rs moxyTts Gytu -H, alkyl Ta im. [62]

Cxema

poripumiguHTpionH (95) (cxema 24).

Y marenti [64] 3a3HaveHO, IO B3AEMOMIEID S-
okcomipomiH-2,2-nuKapooHatie (79) 3 auizonporiiami-
nom Jitio (LDA) Ta PhSeCl MokHa oTprMaTé IpOMiXKH1
crionyku (96), nopansina 00podka sikux H,O, npusBomuts
70 YTBOPEHHS BiATOBIIHUX HEHACHYEHMX JakTamiB (97)
(cxema 25). Konnencartiero ectepiB (97) 13 ceqoBunOMO (3)
aBTOpU Tpami [64] oTpuMao BiOBIIHI CHIPOMipHMiau-
HTpioHH (98).

AHAJIOTIYHO CHipOMipoITiIMHOBIM croiyKaMm (88, 88 a)
noxigHi 2,4,6-TprokcorekcariapomipumMimuaie (99, 99 a)
MOxHa OyTr cuHTe3yBatH 3 ecrepis (97) mieto P,S;o (86) 13
MOJAIBIINM BiTHOBJICHHSIM 200 Yepe3 YTBOPEHHS Ta Bii-
HOBJICHHS BIJIITOBITHMX €HaMiHIB (cxema 26) [64].

Jleski 3 TeTepOLMKITIYHIX MAIOHOBHX €CTEPIB MOYKHA
OTpUMaTH aJbAONBHOI0 KOHIeHcawieto. Hanpukan, onu-
caHo [64], 110 B3aEMOis 2-aIKiTaMiHOMAIOHOBOTO €CTEpY
(91 a) 3 xeronamu (100) MpUBOAUTE 1O YTBOPEHHS BiMO-
Bimaux amidocrmptiB (101), KoHmeHcamis sikux 3 ocre-
HoM (102) y posunni TI'® yrBOproe mietmn-2-okco-1,3-

26

peaktii ectepiB (103) i3 CEYOBUHOIO B TPUCYTHOCTI AJIKO-
TOJIAITIB JIY>KHUX METaliB OTPUMYIOTH CIIPOIIPHMIiIUHTPI-
ond (104) (cxema 27) [64].

[Hecrranennnii anasnor criomyku (103) MoxkHa cuHTe-
3yBati 3 OpomnakroHy (105) 1 BimIOBimHMX i30MiaHATIB
(106) y posumnHax rekcamermiadochoprpuaminy (cxema
28). BeeneHHsM Apyroi KapOOETOKCHITBHOI TPYITH B MOJIe-
Kymi npoayktiB (107) ammoBaHHSIM eTHIXIOphopMia-
ToM (108) omepKyIOTh BiIOBIHI T€TEPOIMKITIYHI TTOXiIHI
MaoHoBoro ectepy (109). Bzaemomieto 1mmx moxigHux 3
CEYOBHMHOIO aBTOPH TIpaili [64] cCHHTE3yBaM HU3KY CITIpO-
rerepolMKIyauX  2,4,6-tpurigpokcumipumiguais - (110)
(cxema 28).

INnpokciaminonoxigai (111) BUKOPUCTOBYIOTH IS CH-
HTE3y miaMiHOmoXimHMX pedoBuH (112) mocmimoBHICTIO
peakitiii, HapeneHnx Ha cxemi 29. [TopanbIior KoHIeH a-
mieto cronyk (112) 3 dpocrenom (102) abo aumeTnnkap6o-
HatoM (113) otpumyrots N-3amilieHi iMiga3omiqMHOHOB-
MiCHI OXigH1 ManoHOBUX ecTepiB (114), 3 SKUX KOHJIEH-
cattiero 3 KapOaminoM aBTopH mparii[64] CHHTe3yBaIu HH3-

okcazomigua-4,4-makapookciatn  (103). YV pesymsrari Ky BigmoBimHuX  2,4,6-TpHOKCOTEKCAriqpOMipUMIIHHIB
O R O
R 30X
R~ o R]NH ’ Ry OJ<N/R1 R, N-Ri
NH RyUR OH cocpmme X3 O O
> O urea
TOWOT ro o7 e R; 3 o
O O 100 O O 8 O O NaOEvEtOH \[(])/
91, a 101 103 104

Je R, moxxe 6ytu Ar, heteroaryl

; Ry, Ry MoxkyTh 6yTH C_4 alkyl Ta iH. [62]

Cxema 27
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0.0
urea ?
O_0O LDA, CIC(O)OEL \?R NaOH N-R
N O @Bw)3SnOMe \l// 108 N’ EtOH O 0
+ RO OMPT N R EtO OEt —
Br HN._NH
106 o O )l
EtO" O 109 o)
105 107 110
/Af Het
ne R moke 6ytn Ar, Het, —C\\ s —C/ Ta id. [62]
0
Cxema 28
R, Ry Ry 0
NH NH \ A
N NH _
HO CO,Et 1) CCly/PPhy 3 [ CO,Et [H]/ PtO, HN CO,Et C18§ b R§_IN N Ri
R3 2) NaN3 R3 R3 or Dimethyl % O~
R2 COzEt R2 COZEt R2 COzEt carl;(itéate
3 —R
N—Ry
Rig<20
HN\n/N
ne Ry moxe Oyt Ar, heteroaryl; R, , Ry mMoxyTs Oytu -H, alkyl Tain. [62] o
115
Cxema 29
H
Boc H H '
Boc : : LDA N O
NH R-CHO NH Heat N\fO CICOOMe R N\(O NaOH R \f/\
NaBH(OAG), g N N~ R EwoH 0 N 0 R
NH, \\ \\ EtO OEt
MO0 R Moo R 0 0O FNy N
MeQ” O © 117 0
116 118
ne R me mesamexxHo obpana rpyra, mo Moxe MIcTHTH Ar, heteroaryl Ta 1H. [62]
Cxema 30
(115) (cxema 29). [(64].

I3 KOMepITiHO JTOCTYITHOrO METHIIOBOTO ecrepy N-y-
Boc-L-miaminoOytanoBoi  kuciotr (116) cuHTE30BaHO
LIECTUWICHH] 1MKITiYHI KapOamimni nmoximHi (117) uepes
HU3KY TiepetBopenb (cxema 30). B pesynbrari Bzaemonil
ecrepiB (117) i3 Ce4OBMHOI OTpHMMaHO BiNMOBIAHI 5-
crriportipumimuaTpiond (118) [64].

3a ommcaHuM BuILe MeTooM (cxema 23) BiTHOBJIEH-
HSM TOJIBiiHOTr O 3B’s3KY B ectepax (119) bopanom (120) y
Terparigpodypani omepXKaHO IieTHII-1-MeTHIineprIuH-
2,2-makapOokcunaru (121). Ecrepn (121) Takox cunTe-
3yIOThCS B pe3ynbrarti B3aemofii cronyk (129) 3 P4Syg ue-
pe3 yrBopeHHs iHTepMmeniaTiB (122) i3 mogaibmmM ix 3He-
cipueHnsiM Hikenem Penes (cxema 31). empoToHyBaHHS
(119) miizonponinamigom Jitito (LDA) B mpucyTHOCTI de-
HinceneHiyMm xnopuay (123) 3 momaneliiM OKHUCHEHHSIM
nepokcusioM BoaHio (124) mpuBOANTL 1O YTBOPEHHSI He-
HacnueHnx cromyk (125). Konnencariero ecrepis (119,
121,125) 13 ceuoBuHOIO (3) 32 CTAHIAPTHUX YMOB CHHTE3Y
(MeTunaT HaTpiro/CIIMPT) OTPUMYIOTH BIATIOBIHI S-cripo-
2.4,6-tpurinpokcunipumimrau (126, 127, 128) (cxema 31)

CuHTe3 reTepoUKJIMHHMX CIPKOBMICHMX MATTOHOBHX
ecTepiB 3 IieTUIOBOI0 ecTepy Me30KCAIEeBOI KMCI0TH

Peaxatito 1,4-nUKIIONpUEHAHHS, 32 JOMOMOTOK SIKOi
C. Cope cuHTE3yBaB 3aMillleHi B IIUKJIOTEKCECHOBOMY KiTh-
1 ITOXi/1HI MaJIOHOBOT'O €CTEPY, 3 YCIIXOM MOYKHA BHKOPH-
CTaTW yIi OTPUMAaHHS TETEPOLMKIIYHUX CIPKOBMICHHX
noxigaux. Tak, y1988 p. aBropu npaui [100] B3aemomniero
TIETHIOBOIO ecTepy Me3okcaneBoi kuciotu (129) 3 P4Syg
Ta 1,3-mienamu (130 a—B) cHHTE3yBaIM IUTiIPOTIEHOBI
noxigHi ManonoBoro ectepy (131 a—B) (cxema 31). Y 2004
p. aBropu mpami [64] OKUCHEHHAM aTroma CIPKH IHX CIO-
JIYK OfiepyKalii BiAOBimHI cynbpokeumm (132 a—B) Ta cy-
ne¢ponn (133 a-8). 3 moximaux (131 a-8), (132 a—B) Ta
(133 a-B) Baemogmieto 3 Kapbaminom (3) B MPUCYTHOCTI
METUJIaTy HaTpilo B CIIUPTI OTPUMAHO CIPKOBMICHI CIipo-
noxigHi 2,4,6-tpruokcorekcarinpomipumiauan (134 a—B) ta
(135 a—B) (cxema 32).

CriponipumimuaTpionu (85, 95, 98, 99, 99 a, 104, 110,
115, 118, 126128, 134 a8, 135 a—B) Ta NUIIXH iX CHHTE3Y
3aMaTEHTOBAHO aMEPUKAHCHKUMU BueHUMH [64]. ABTopu
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Cxema 31

z (@]
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129 [0l Z 2 ’
131, a-B SO y 134, a-p 135, a-B
EtO OFt
O O
X -8, S0, SO, 132, a-b

R - CH,COOH (a), CH,COOH; (6), CH,COOC,Hs (8) 1a in. [62]

Cxema 32

mpari 3a3Haulid, Mo i moxigHi 2,4,6-TpruoKcorekca-
TIPOMIPUMIIMHIB € iHTi0iTOpaMy MeTanonporeas, ix Mo-
KHa 3aCTOCOBYBATH IS JIIKYBaHHS PI3HOIO POAY XBOPOO
CaMOCTIHHO a00 B MOEAHAHHI 3 IHIIMMU TepaneBTUYHIMU
areHTamu. L]i criomyku CIOBUTGHIOIOTH PICT PAKOBHX ITyX-
JIMH a0 MeTacTasiB i 3aCTOCOBYIOTHCS ISl JIIKyBaHHS 3a-
XBOPIOBaHb, TIOB3AHMX 13 TIOCTYIIOBHM PYHHYBAaHHIM
CYIJI000BHX XPAIIIB 1 CIOMYYHO! TKAHWHH Y JIFOJIH TIOXH-
JIOTO BiKY, OCKUIbKH BOHHM iHT'10YIOTh TaKi MPOLIECH.

BucnoBkn

Sk BUIHO 3 HABENICHNX JIAHMX, € KUIbKa OCHOBHHX Me-
TOMIB CHHTE3Y IMKITIYHUX TTOXITHUX MAJIOHATIB. Y IHOMY
OIS JITEpaTypy HABEAEHO OCHOBHI HUISIXH YTBOPEHHS
IUKJTIYHAX TTOXITHUX MAJIOHOBOTO €CTEepy: aJKLTyBaHHS
MAaJIOHOBUX €CTEPIB IUTaOreHONOXiTHAMH, LIUKIONPHE-
HaHHA JI0 JTEHIB, IMKIONPOIaHyBaHHsI, BHYTPITHBOMOJIC-
KyJISIpHE aJIKLUTyBaHHsI, KOHJICHCAIlis 32 peakiiero Mixaers,
KOHJIEHCALi OKClaMIHO- Ta JUAMIHOIOXIAHHUX MAajOHOBO-
ro ectepy Ta iH. L{ikaBicTh 0 Takux CHOIYK 00yMOBJIEHa
THM, II0 BOHHM, KOHJICHCYFOUHCh 13 KapOaminom abo Horo
TOXiIHUMH, TIEPETBOPIOIOTECS B S-CHIPOMipHMiIMHTPIOHH,
SKi TIEPCIEKTHBHI SIK CHOMYKA 3 PI3HUMH MPaKTHYHO-
KOPHCHUMH BJIACTUBOCTSIMHL.
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Cunre3 S-cnupo-2,4,6-rpuruipoKCunupuMIIAHOB.
KOHI[CHcaIII/Iﬂ HMUKIIHICCKHUX ITPOU3BOAHBIX
MaJIOHOBOI'O 3(l)npa C KapﬁaMI/II[OM WJIN €10 IPOU3BOIHbIMH
H.U. Koovwrcua, B.H. I'onosamiok, FO.B. besyanvuii, B.H. Kawikoeckuii

Unemumym ouoopeanuueckoti xumuu u Heghmexumuu HAH Yipaunv
Yxpauna, 02160 Kuis, eyn. Xapkiecoke woce, 50; men: (044) 559-70-60

Ha ocHOBe muTepaTypHBIX JaHHBIX (JTUTEpaTypHBIN 0030p) CACTIaH aHATM3 METOIOB CHHTE3a ITHK-
JIMYECKUX TIPOM3BOMHBIX MAJIOHOBOTO 3(DHpa, KOTOPHIC SBIIFOTCS FICXOMHBIMUA COCAMHCHISMU
JUTSL TTOITYYCHYIS CITUPOLIMKITIICCKIX TIPOU3BOIHBIX 2,4,6-TpUTHIPOKCUTTMPAMUIIHOB, M3BECTHBIX
CBOCH Pa3HOOOPA3HOM OHOIIOrIECKOM aKTHUBHOCTBIO.

Synthesis of 5-spiro-2,4,6-trihydroxypyrimidine.
Condensation of the cyclic derivatives of malonic ester
with urea or its derivatives

N.I Kobyzhcha, V.M. Holovatiuk, Yu.V. Bezugly, V.I. Kashkovsky

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
1, Murmanskaya Str., Kyiv 02094, Ukraine, Tel.: (044) 559-70-60

The synthetic methods of cyclic malonic ester derivatives obtaining were analyzed, sys-
tematized and summarized on the base of literature data (literature reviews). This article
describes the alkylation of malonic esters with dihalogencontaining compounds, cycload-
dition to dienes, cyclopropanation, intramolecular alkylation, condensation by Michael,
condensation of oxyamino- and diamincontaining malonic esters condensation and as
well it cites the other ways of the synthesis of cyclic derivatives of malonic ester. These
compounds may be used as the precursors for 5-spiro-2,4,6-trihydroxypyrimidine obtain-
ing, which are known to have higher therapeutic index than their non-cyclic analogues.
Spirocyclic derivatives of 2,4,6-trihydroxypyrimidines are known to have different bio-
logical activities. Some of them are used as muscle relaxants, others have analgesic, anti-
convulsant, anti-inflammatory, anti-bacterial properties. Many spirocyclic derivatives of
2,4,6-trihydroxypyrimidines are the inhibitors of metalloproteases and may be used for
the treatment of different diseases both alone and in combination with other therapeutic
agents.
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OOGHapy>keHa KapIMHATFHO OTIIMYAIOMIAsCS B NApaUIIGHBIX OIBITaX TEPMOIECOpOIMsI aMMHUaKa 3 Jie-
TUJIPATHPYEMOrO—peruapaTiupyemMoro neonmura NaY. SIBieHre HHTepIpeTHnpoBaHO Ha OCHOBE PaccMOT-
PEHHIS IEONTUTA KaK CHCTEMBI TOUEUHBIX 3apsiIOB, KOTOPAsi B COOTBETCTBHH € TeopeMoid MpHItoy He Mo-
KET MMETh MUHUMYMa 3HEPIUH, U JIF000e He3HAYNTEIBHOE BO3JICHCTBHE CIIOCOOHO BBIBECTH LICOIHUT M3
COCTOSHMS HEYCTOMUMBOIO PAaBHOBECHUS. YCJIOBUEM CYIIECTBOBAHMS LIEOIMTHOM CTIPYKTYpbI SBJIAEICS

JUHaMHKa OOMEHHBIX KaTUOHOB.

[pu W3yYeHUN KUCIIOTHOCTH LIEOIUTOB
0,20NH40,55La0,20CaNaX u 0,30NH,NaX (cBe:KecHHTE-
3UPOBAHHBIX W BBIICPKAHHBIX TIOCIIE CHHTE3a B TCUCHUE
Pa3MYHBIX MPOMEKYTKOB BPEMEHHU ITPU KOMHATHOH TEM-
repaTrype) METOJIOM TEPMOITPOrpaMMHUPOBAHHOHN JIecopO-
yu (TTI) aMmuaka oOHapyskeHa [1] BIXOZAAILAs TAaeKo
3a MPEJENbl BO3MOKHOW OIIMOKK OMpeIelicHHs HEBOCIIPO-
M3BOIIMMOCTh PE3YJIBTaTOB Uil Beex o0pasioB. CrenaH
BeIBOJ [1], uro kpuBbie TIIJ] amMmHaka OTpakaroT H3Me-
HSIONIYIOCS KOH(DUTYparuio KATUOHHOTO HATIOIHEHUS
IIEOJIMTOB C MPOTOHAMHU BKITFOUMTEIBHO. Takod BBIBOJ C
MPUMEHEHUEM JAHHOTO METOJa CIIeaH, HACKOJIBKO HaM
W3BECTHO, BIICPBBIC.

CornacHo 1, Bpeky [2], B HaTpueBoii hopme pokaznTa
KaTHOHBI Na' MMOMMMO JIOKATM3aIMK B MO3MIIMSIX Sy, S
(TeKcaroHabHBIC TPU3MBI M COJAIMTOBBIC STMCHKU) U Sy
(GoJIpILIE TTOIOCTH) COBMECTHO C MOJIEKYJIAMHU BOABI “‘CBO-
00ZHO MIaBalOT B MONOCTSIX Kapkacos”. Cremyer moa-
ratb, 4ro Oolee-MeHee CBOOOIHOE MEpEMEILCHHE TeX M
JPYrUX MOTYT 00ECTIeYNTh JIMIIL OOMNbIINe TOIoCTH (o-
*azuta. TeM He MeHee HeM3BEeCTHA MPUYKHA, TI0 KOTOPOU
KaTHOHBI B 3THX TOJIOCTSX HE 3aHUMAIOT MTO3UIMH C MH-
HUMYMOM TTOTCHIIMAILHON SHEPTHH, a TIEPEXOIIT B SHEP-
TeTUYECKA MEHEE BhITOJHbIC MO3UIMKU. B 3Tolt cBsi3u BO3-
HHUKAET BOMPOC: HE MOI'YT JIM KaTHOHBI TAKKE TOKHUIATh
no3uuu Sy u Sy'?

Paborta [3], B KOTOpOI MCCleNOBaHa MUTPAIHS KATHO-
HoB B 1ieommre CsNaY B mpotiecce JeruaparTaiiu, oTBeTa
Ha JIAHHBIA BOMPOC, K COXAJICHHIO, HE JIACT, XOTS B HEl
TMOKa3aHO, YTO IPH HU3KHUX CTEIEHSAX OOMEHA HATpHisl Ha
IIE3UH KATHOHBI HATpUs JIOKAM30BAaHBI B CONATUTOBBIX
sTueiKaX, a KATHOHBI 1[e3Ks — B OONBIIKX ToiocTsX. [loce
neruapataimu mpu 350 °C U BbIle KATHUOHBI HATPUS YKE
OOHAPYXXEHBI B OONBIINX MONOCTSX, a TAKKE B TEKCAro-
HanbHBIX Tpu3Max. [Ipu Temmeparypax Beime 180 °C 06-
HapyXEHa MUTpallisi KATHOHOB HATPUS M3 CONAIUTOBBIX
SMECK B TEKCArOHAIBHBIC MPH3MBL. ABTOpBI PabOTHI BbI-

CKa3aJIM MPEANOIOKEHNE, YTO Takass MUTPaLsl COMPOBO-
XKIAeTcsl, a He MCKIIOUEHO, YTO U OOYCIIOBIIMBAETCS, MHU-
rpanmell KaTHOHOB 11e31s U3 OOJBIIMX ITOJIOCTEH B COfia-
JIUTOBBIE STYEHKH.

Bonblie cBeTa Ha MOCTaBIEHHBIM BOMPOC MPOITMBAET
pabora [4], MOCBSIIICHHAs MATEMaTHYeCKOMY MOJIEIHPO-
BaHUIO TEPEpPacrpenieicHNs] KaTHOHOB MEKIY CTPYKTYp-
HBIMH 3JIeMeHTaMH NaY 1moj BO3JIEHCTBHEM BOJIBL ABTO-
pamMu IaHHOM paboThI MOKA3aHO, YTO B pe3yJbTaTe aj-
COpOLMH BOABI ACTUIPATUPOBaHHBIM 00pasiioM NaY nme-
€T MECTO Iepexo]] KATHOHOB HE TONBKO M3 MO3UIMI S; B
no3unmH Sy, HO 1 00paTHBIH epexox u3 Sy’ B Sy. Crienosa-
TEIBHO, THApaTalys o0pa3na MOXET UMETh PEIIalomee
3Ha4YEHHUE JUTS MUT ALK KaTHOHOB B IIPEZEIIaX LIEOMUTHOH
CTPYKTYPBL.

3HaunTENBHBIN MHTEpEC MpeAcTaBisier padora [5], B
KOTOpOH TOKa3aHO, YTO B MOHOKpHcTaie neonuta K-
GaSi-NaT npu 1eficTBUM Ha HEr0 BBICOKHUX CTATUYECKHX
napieHuit Boabl (cBbime 1,2 I'Tla) xommeHcupyrorme
KaTHOHBI KaJIMs CHayaja MOKUJAI0T CBOM IEpBOHAYANb-
HBIE TIO3ULIMH, a 3aTeM, TIOCIIe BOCCTAHOBIICHHS OOBIYHBIX
YCJIOBHH, B 3HAYUTENBHOM CTENEHN 3aHMMAIOT MTOBTOPHO
i nosuimu Aaxe npu —160 °C. Pabora uHTepecHa
UMEHHO JOKa3aHHOCTBIO (DaKTa yXo[a KaTHOHOB M3 HC-
XOJIHBIX MO3ULIMK M MOCIEAYIOLIETO BO3BpaTa B 3TH IO-
3UIMN.

BBuy TOro 4ro KaTtMoHBI M MPOTOHBI SBJAIOTCS aK-
TUBHBIMU LIEHTpaMH TBEPABIX KaTaIN3aTOPOB, JIOKAIU3a-
LA ¥ TIOBEJICHHE 3TUX 3apsDKEHHBIX YacTHI] B IIEOTUTHON
CTPYKTYpE TPEACTAaBISCT OONBIIOH TEOPETHYCCKHH |
npaxkTiaeckuid nHTepec. [Tockonpky meron TII/I ammmaxa
OTKpPBIBAET HOBBIE, KaK HaM KayKETCsl, BOSMOXKHOCTH, MBI, B
pasButie paboTsl [1], pemmnm W3yunTh JAHHBIA BOMPOC
nonpoOHee Ha eonute NaY.

Henpto HacTosmel paboThI SBISIETCS M3yYeHHE Tep-
MoziecopOLMY aMMHaKa U3 JErHAPaTHPYEeMOro W IMOBTOP-
HO peruapaTupyeMoro odpasia JaHHOTO LIEOTHTA.
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Marepuayibl 1 METObI HCCIEI0BAHMS

Uccnenoparm NaY mpowmsBoactea AO  “CopOeHt”
(Hwxemit  Hoeropon, Poccus, TY  38.102168-85,
Si/Al= 2,35, cTaTuueckast eMKOCTb 10 TapaM BOJIbI B OCH-
30ma — 0,29 1 0,32 cM’/r cootBercTBeHHO). CTPYKTYpa Iie-
ONIUTA TONTBEPXKICHA DPEHTreHOrpa(UIecKiM METOIOM.
INopomkooOpa3Hblii 0Opaser co cpeHUM pa3MePOM 1Ieo-
JIUTHBIX KPUCTAJIIOB 2 MKM TaOJIETHPOBAIN 0€3 BSDKYIINX
BEIIECTB IIOJ JAaBJICHUEM 2-10* KF/CMz, MIOTyYECHHBIE Ta0-
nieTkn apodwm, oroupamu dpaxmuro 0,063—-0,1 MM, KoTo-
pyto B komrdectse 100 Mr 3arpyxaiv B MHUKpPOpPEAKTOP
ycTaHoBKY 1 cHATUs nipodmerd TT1/] amvuaka. Mukpo-
PEaKToOp M3 HEpKaBEIOLIeH TPYOKM C BHYTPEHHHM Ha-
METPOM 3 MM, PaCIOIOKEHHBIN KOAKCHAIBHO BHYTPU KO-
yxa, BMOHTHPOBaH B cxeMy xpomarorpada “Liper-2” Ha
MecTe uctiaputerst. Beicora crost 00pasiia, orpaHHYeHHOr0
c 00erX CTOPOH KBApLEBOW KPOIIKOH C pa3MepoM 3epHa
0,2-0,5 MM, cocraBmsama 20 £ 2 mM. B kadectBe raza-
HOCHTEJISI KICTTONB30BAJIN CKAThIi rermii Mapku “A” (TY YV
14299304-002), ckopocTh €ro momauy B CHCTEMY COCTAB-
mma 7 ov/mun. Tlocne HMPOXOMKICHHS CPABHUTETHHOI
STEHKH IETEKTOpA 10 TETUIONPOBOIHOCTH TN TTOCTYTIAI
B HIDKHIOIO YacTh KOXKyXa, OTKY/Ia, OMBIBas PeaKkTop, BXO-
T B OTKPBITBINA BEPXHHUI TOpPEL] TIOCIENTHETO, MPOXOIMI
Yepe3 ol 00pasua 1 Mmonajan B U3MEPUTENBHYIO SYEHKY
nerekropa. [Ipu nermaparanyu oOpasia Temeparypy mo-
BBIILIATH €O CKOpocThio 10 + 1 rpaa/mMuH B 1Ba mpriema: OT
50 o 200 u ot 200 no 380 °C ¢ BBIXOIOM caMoOI¥CLa Ha
HYJIEBYIO JINHHIO TTOCTIE IOCTHKEHUS KaXKIIOH 13 TeMIiepa-
Typ.

[Mocne nerunpararpm oopaserr oxnaxnamm 10 200 °C u
Yepe3 CHIMKOHOBYIO MEMOpaHy B TOJIOBKE PEAKTOPHOIO
60K IIIPHIIOM MOJABAIM AMMHAK TIOPIISMH 10 1 cM’
10 HachlmeHus neomura. [Ipu mocnemyromeil TepMoze-
COpOLIMM aMMUaka TEeMIIEpaTypy, TAKKE CO CKOPOCTBIO
10 £ 1 rpag/muH, noesianu o 500 °C, nomydast TepMo-
MpOrpaMMHpPOBaHHBIM ydacTok 3aBucumoctd TIIJI. 3a
HUM crefoBai u3orepmudeckuid (500 °C) ydacTok mpu
OTKITIOUYEHHOH TPOrpaMMe C aCHMITTOTUYECKUM, Kak Tpa-
BIJIO, TPUOIIKEHIEM TTepa CaMONKCIa K HYJIEBOH JIMHUH.

Io 3aBepieHNH OMpeneneHus Temieparypy odpasia B
Toke reus nonmkamu 10 50 °C, 1 oOpaser] peruapaTupo-
BaJIM TOfIaYe MUKPOILIPHULIOM 4Yepe3 Ty K€ MeMOpaHy
JBYX MOpLUHMIA BOABI 00beMOM S50 MK KaKaast C MHTEpBa-
joM B 15 muH. CucteMy OCTaBISUTM HA HOYb WJIM Ha BbI-
xomHble AHU. [locnenyromnmii OnpIT HAYMHAM C IETUApA-
TalWy, a JAJibllie UM BCE ONMCAHHBIE BBHILIE OMEpaIHH.
Ha omaom u Tom e oOpasue nposeneHo 30 OMBITOB B
TIPEIONOKEHNH, YTO LIEOTUT COXPAHSET CBOIO CTPYKTYDY.

Pe3ynbTaTsl necnenoBanmii U MX 00Cy/KAeHHe

[pu TmaTenbHOM COOMIOAEHUM BCEX ONMCAHHBIX Me-
TOIMYECKUX MPOLIEAYp MOMyYeHbl TP KapAHHAIBHO pa3-
JIMYAFOIIECS MEKTy COOOM TPYITIBI 3aBHCUMOCTEH (pHC.
L,2).

[epsast, Hanbonee MHOrouncneHHas rpymma I (puc. 1)
HacuutbiBaer 18 TII-npoduneii, KoTopble NPenCcTaBILIOT

co0oli ONM3KKE TI0 XapaKTepy MaJOMHTECHCUBHBIE TIOJIOTHE
3aBHCHUMOCTH ONBITOB 1, 3-8, 1012, 15, 16, 19, 25-28 n
30 (ma pucyHKe MPOHYMEpOBaHA JIUIIb HECKOJIBKO BbIJe-
JISTOIIAsICS. 3aBUCUMOCTB 25) C OIHUM, 110 CYIIECTBY TEM-
nepaTypHbIM MakcIMyMoM (7 ,x) B ipenenax 283-318 °C.
Ha nexotopeix 3aBUcHMOCTSIX (OMBITHL 3, 8 1 28) 3amer-
HBI BBICOKOTEMITEPATYPHbIE MAKCUMYMBI B OKPECTHOCTH
500 °C.

Onnako Bpemsi OT BPEMEHH BBINHCHIBAIOTCS COBEp-
LIEHHO JPYroro THIa BeCbMa HHTCHCHBHBIE CEJIOBUIHBIC
TIId-mpodrm (rpynma Il u3 nepsitu 3aBrcumMocTeit), MHO-
TOKPaTHO TMPEBOCXOJLIIIME 10 OYEPUMBAEMBIM HMH ILIO-
magsm npodumn rpymmel I Kaxmas u3 3aBucumMocTeit
rpynms! 11 Xxapakrepuzyercst IByMsI MAKCHMYMaMH: HU3KO-
W BBICOKOTeMIepaTypHbIM. HuskoremmepaTypHble Mak-
CUMYMBI YeTKO (DPHKCUPYIOTCS TpH 255 (3aBUCUMOCTH 9 1
13) n 264 °C (zaBucumocty 2, 14, 20, 22-24 n 29). I1pak-
THYECKH Ha BCEX 3aBHCUMOCTSX BBICOKOTEMIIEpATYpPHBIC
MaKCUMYyMBI TIPUXOITCS Ha M30TEPMHYECKHE YYaCTKH
nocieqHux. Kpome Toro, Ha 00erX BETBSIX BBICOKOTEMITE-
PaTypHBIX YYacTKOB CEIJIOBHUIHBIX 3aBHCHMOCTEH, OCO-
OEHHO HA M30TEPMHMYECKHX YYacTKaX HHCMAAIONX BeT-
BeH, JIOBOJILHO YETKO BBHIHCHIBACTCS TAKKE LIEbIA Psi
Tied.

I'pymmy 1II cocrapmistor Beero Tpu npodmis (puc. 2),
XapaKTEePU3YIOLIMECs JIMIIb HU3KOTEMIIEPaTypHbIMH MaK-
cumyMamul Tipu 259 + 2 °C. Dtoii rpynmoi sIBHO npen-
CTaBIIEHBI HEKUE [POMEKYTOUHBIC PE3YIIBTATHL

TakiM 00pa3oM, PK CUITEHOM Pa3IMINH MEKIY 3aBH-
CHMOCTSIMH OTZIEJBHBIX TPYII, B Mpeenax OAHOW M TOH
xe rpynmsl TIT{-npodumm BecbMa IOX0XKHM Kak O Hauep-
TaHMIO, TaK ¥ TI0 PACHOJIOKEHUIO SKCTPEMAIBHBIX TOYEK,
T. €. PE3YNIBTATHI BPeMsI OT BPEMEHH KaK ObI OBTOPSIEOTCSL.
3aMeruM MOIMyTHO, YTO TEPMOMPOrPAMMUPOBAHHE Harpe-
BaTeNIs ¥ €ro TEPMOCTATUPOBAHHIE OCYIIECTBISIIOCH ITyTEM
ABTOMATHYECKOTO  BKIIFOUCHUSH-OTKIIIOUEHHS, TI03TOMY
TOYHOCTb OMNPENETICHUS Iya MBI TAIOKE OLICHMBAaEM B
+1 °C. Henp3s cOpachiBaTh CO CUETa TAKKE HEKOTOPYIO
WHEPLMOHHOCTh CHUCTEMBI MEXIY MOMEHTAMH BKIIOYE-
HUS—OTKIIIOYEHHUs] HAarpeBaTesisi U PEearnpoBaHUs Ha 3TO
W3MEpUTENBHON TepMonapsl. OIHAKO JaHHBIE TIOTPEIIHO-
CTH M3MEpEHHSI HE MOV TIOBIIMSTH HAa XapakTep MOIy-
YEHHBIX PE3YJIETATOB CKOJIbKO-HUOY/IB CYLIIECTBEHHO.

JIisi TpaKTOBKM pE3YNIBTATOB SKCIEpPHMEHTa HE00X0-
JIMMO JIOMOJTHUTEIBHO aKIEHTUPOBATh BHIMAHHE Ha JIBYX
BaYKHBIX OOCTOATENTBCTBAX.

IlepBoe U3 HUX COCTOHT B TOM, YTO, TOCKOJIBKY JCTH/I-
pararmro obOpasua 3aBepmiamy npu 380 °C, a Tepmore-
copOrmro ocymecTBisim B quanasone 200-500 °C, To
oOpaser; B 3TOM JAHMana3oHe BMECTE C XEMOCOPOMpOBaH-
HBIM aMMHAKOM TEPSET TAKOKE OCTATOUHYIO BOZY.

JIpyruM HEeMaloBaXHBIM OOCTOSITENbCTBOM SIBJISIET-
sl TO, YTO B T/, UCIIOJIH30BAaHHOM B KayeCTBE rasa-
HOCHTEJIS, COAEpKaHre BOJIbI MHOTOKPAaTHO MPEBBIIIA-
JI0 3aJIeKJIApUPOBAHHOE B €ro MaclopTe KOJIUYECTBO: C
MPUMEHEHNEM METOIVKH, IPEATIOKEHHOM B padore [6],
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Puc. 1. 3aBrcrMoCTH TEpMOIPOrpaMMHUPOBAHHOM JiecopOrmy aMmmuaka (27 npodrieit) s NernipaTipyeMoro 1 MoBTOPHO pe-
rupaTupyemMoro oopasia NaY': rpymma / — Honorue 3aBUCUMOCTH (IPOHyMEpOBaHa JIMIIL 3aBUCHMOCTB 23); Tpymia [/ — ceyIoBUIHbIC

3aBUCUMOCTH 2, 9, 13, 14, 20, 2224 n 29

YCTAQHOBJICHO, YTO BMECTO IMACHOPTHOH OOBEMHOW JOH
Bogpl 0,0005 % nmelicTBUTENBHOE €€ COACpKaHUE B Te/IUU
ObUTO B 239 pa3 Gomnee BBICOKUM, T. €. coctaBuiio 0,12 %
00. IToTok renmst B cucreMy ObLT HEMPEPHIBHBIM TIPH OCY-
LIECTBIICHUH Bcex omnepaimii custust npoduneidt TII/, B
TOM 4YHMCJIC HA CTAJMH BBIXONA Tiepa CaMOINKCIa Ha HyJe-
BYIO JIMHHIO TIOCIIE IOCTHKECHUS TEMITepaTyphl JIeTHApaTa-
umn 380 °C, a Taroke Ha CTaIusIX MOCISIYIOIIEro OHMKe-
Hua Temnepatypbl 10 200 °C ¥ HachIIeHUs MpPH 3TOH
Temrieparype oOpasiia aMmmuakoM. ECTecTBeHHO, UTo TpH
MPOBEACHUM BCEX 3THX OIEpaIdii Hapsy ¢ aMMHUAKOM
00paser] Mor MOrJIONIATh 3aMETHOE KOIMYECTBO BOJIbI, T10-
stomy niomydennbie TI1/]-nmpodum MoryT sBIsIThCS TIPO-
(MU TepMOIECOpOI aMMHAKa U BOJIBI C CAMOT'0 Ha-
yajia, a He ToibKo B auamnasone 380500 °C.

Omaako 00a 3TUX 0OCTOSTEILCTBA HE OKA3aIH Opeie-

CurHan pgetekTopa

JISTEOLLIETO BIMSIHUSI HA XapaKTep MOMYyYEHHBIX 3aBUCHMO-
CTEH, O YeM CBUJETEIBbCTBYIOT, B YaCTHOCTH, 18 ynoBie-
TBOPUTEIHLHO BOCHPOHM3BENICHHBIX MPOQIUICH 3aBUCHMO-
creit rpymmsl I 3gech BaXKHO 3aMETUTD, YTO U aMMHUAK, U
BOJIa MOTYT OBITh KaK acCOIMMPOBAHBI ¢ KAaTHOHAMH Ha-
TpUs, TaK U MPOCTO COPOMPOBAHBI COOTBETCTBYIOIIMMHU
LEOJIUTHBIMUA CTPYKTYpaMH, MO3TOMY 3aBUCUMOCTU Tep-
MOJIECOPOLINY  OTPaXKAIOT TOTEPI0 aMMHaKa W BOIBI HE
TOJIbKO KATHOHAMU, HO U STUMH CTPYKTYPaMHL.

Tak, ecrt MecTa S; 1 Sy B reKCaroHaIBHBIX PU3Max 1
CONIAJINTOBBIX sHCHKax (WX B cymme 48 [2]), 3aHSTHI Ka-
THUOHAMH, TO TYJa, CKOPEE BCEr0, HE MOI'YT MPOHUKHYTH HI
Boza, HU ammuak. Ecim ke B pesyibTare ‘“‘cBOOOTHOrO
TUIABaHUS~ KATHOHOB MO3UIINK S; U S|’ OKKYTCsl CBOOOT-
HBIMH, TO B S| MOT'YT BHEJIPUTHCS. MOJIEKYJIBI BOJIBL, & B Sf' —
KaK BOJIBI, TAaK M aMMHaKa.

A

T
350
T,°C

T T
250 300

L e
400 450 500

Puc. 2. [Ipomexxyrounsie (rpyrma /17) 3aBucumoctu /7, 18 u 21 TepMonporpaMMHPOBaHHOMN IeCOpOLA aMMHaKa JUTst IETHApaTh-

PYeMOro H OBTOPHO PeruapaTupyeMoro oopasma NaY
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C 310l TOUKM 3peHus Harbonee HHPOPMATHUBHBI 3aBH-
cumoctd Tpynmsl 11 (prc. 1), Ha KOTOpPBIX TeMrepaTypHbIe
MakCUMyMBI TipH 255 1 264 °C oTpaxaroT oTiady BOIbI U
aMMHaKa, acCOIMMPOBAHHBIX CO “‘CBOOOJHO TLIABAFOIIIH-
MH” KaTHOHaMH B OONBIIMX MONOCTsX. KarmumuispHsie 3¢-
(bEeKTBI TO3BOJIAIOT YTBEPKIATh, UTO MPH JAHHBIX TEMIIe-
patypax BoAa B 3TUX MOIOCTAX HAXOOUTCS B COCTOSIHWH,
COOTBETCTBYIOLIEM XKHIKOMY. MIcxons U3 TOro, 4ro Mose-
KyJIbl BOJIbI aCCOLIMMPOBAHbI ¢ KATHOHAMH HE TaK MPOYHO,
KaK MOJIEKYJIbI aMMHaKa [7], MO)KHO NPEIONOKHTh, YTO
MPUBEIICHHBIE 3HAUEHUS Tyay OTPaXkaroT MPEHMYILECTBEH-
HYIO TIOTEpIO KaTHOHamMH To Bogpl (255 °C), To ammuaka
(264 °C). OmHako camyro OoraTyro MH(pOPMAIUIO HECYT,
KaK OTMEUEHO BBIlIE, 00€ BETBH BBICOKOTEMIIEPATYPHBIX
YUYacTKOB 3aBUCHMMOCTeH rpymmsl I, mpexne Bcero mx
HHCIIAIA0IINE BETBHL.

OTu BETBH BechbMa JETABHO OTPayKarOT TOTEPIO BOJIBI
W aMMHaKa CONQJIUTOBBIMH SUYCHKAMH, a TAKoKe BOIBI —
TEeKCArOHAIBHBIMU TIpH3MaMi. MOXHO TIPEANONOKHUTH,
YTO MOJIEKYJbI BOJbI B TEKCAarOHAIBHBIX MpU3Max, Kak U
MOJIEKYJIBI BOJBl M aMMHUaKa B CONAJIMTOBBIX SYEHKax,
pacronaratoTcst B SHEPreTUUecKd HauOoree BBITOIHBIX
TO3ULMSIX, T€X, KOTOpBIE 0 TOro ObUTH 3aHATHI (S; 1 Sy)
WIH CYLIECTBYIOT, HO, corfiacHo [2], He 3aHsThI (Sy) Ka-
THOHaMH. MOXHO yTBEp)KAaTh, YTO MAKCUMYyMBI Ha H30-
TEPMUUYECKHX YJacTKax 3aBucuMoctelt 2, 13, 20 u 29, cos-
MaJarolye B Tpeaenax 6—7 MUH, Kak pa3 OTpa)karoT MOTe-
PO BOIIBI COTAITMTOBBIMY staeiikamu. [lneun e Ha HUCTIa-
JIAIONIMX y4acTKax 3aBucumoctelt 2, 20, 23 u 29 xapakre-
PHBYIOT TTOTEPIO BOIBI M aMMHAKa U3 CONAJIMTOBBIX sUEEK
1 BOZIBI — U3 TEeKCAroHaNbHBIX NpH3M. [Ipy aTOM B ciydae
JecopOLMH U3 CONAIMTOBBIX SUEEK BOAA MpeaBapser Io-
Tepro aMmuaka. Hucnagaromiye BETBHM HM30TEPMUYECKHX
y4acTKOB 3aBricuMocTell 20) u 23 1o KOH(pUrypaIrwu J0c-
TaTOYHO ONMM3KM TAKOBBIM IS 3aBHCHMOCTH 2, OJHAKO B
onbiTe 20 NecopOIMOHHBIE TIPOIIECCHI 3aBEPINAKOTCS IO
CYIIIECTBY COAATMTOBBIMU SUCHKAMU.

Hucnamarorast BeTBb 3aBUCHMOCTH /3 03HAYaET, YTO B
COIINTOBBIX SUEHKaX MOJIEKyJaMH aMMHaKa OKKYIHPO-
BaHA JIMIIb OIHA PA3HOBHUAHOCTb SHEPIEeTMUYECKU BBITOJI-
HBIX TO3ULIMH, ckopee Bcero Sf. OO0 yMeHbILIAroImemcs
KOJIMYECTBE aMMHaKa 3a cUeT COPOMPOBAHHOK BOIIBI B CO-
TAINTOBBIX SYEMKaX CBUIETENBCTBYET HHCIIAAroIas
BETBb 3aBUCUMOCTH 9. O HECKOJBKO OOMNBIIEM €ro Kou-
YECTBE B 3THX MO3ZHLIMAX CBUJETENLCTBYET HUCIIAAIOIIAs
BeTBb 3aBUcHUMOCTU /4. [lo HuCHamaromeMy y4acTKy 3a-
BHUCHUMOCTH 29 MOXHO 3aK/TIOUYNTE O HATMYMH BOJBI B TEK-
CaroHAIbHBIX Tpm3Max. Ha Bocxopsiield BeTBU NaHHOM
3aBHCHMOCTH BHUMAHHE MPUBIEKACT SIBHBIM I, TIPH
457 °C, xoTopbIii 0003HAYEH €/]Ba 3aMETHBIMH TIJICUaMH Ha
3aBUCUMOCTAX 2 U /3. Ham mpencraBinsieTcs, 4To JaHHBINA
Tvax OTpaXkaeT MOTEPIO BOBI COAATMTOBBIMY sTYEHKaMU, U
B 9TOM COCTOMT IPHYMHA [TEPEMEILEHUS] MAKCUIMYMOB H30-
TEPMUUECKHUX YYacTKOB 3aBUcHMocTedl 9, /4, 22 u 24 B
CTOPOHY MEHBILMX BPEMEH YIEepKMBaHHUs copOara: coma-
JIUTOBBIE AYEHKN Haps Iy C aMMHAKOM COZIEpyKaT 3aMETHOE

KOJTMYECTBO BOJIBL.

AHanm3 1ocaenoBaTeIbHOCTH 3aBrcumocTed TIIJ To-
IO WJIM MHOTO THIIA MTO3BOIIAET CAEIATH CIEAYIONE MPe-
TIOJIO’KEHUST O CIelM(HUKe pacrpeeNieHus] KaTHOHOB TI0
CTPYKTYPHBIM 3JIEMEHTaM LIE0JNTA.

Tax, 3aBrcHMOCTH OnBITOB 9—/2 (puc. 1, mpu 3TOM HO-
MepoM 0003HaYEHa TOIBKO 3aBUCHMOCTD 9, a 3aBUCUMOCTH
10-12 Bxomar B rpymmy | u oTnensHBIMM HOMEpamMH HE
0003HauEHbI) CBUACTENLCTBYIOT O TIEPEXOAE OT YaCTHYHO-
TO 3alOHEHHUS CONAIMTOBBIX SUEEK KaTHOHAMU (3aBHCH-
MOCTh 9) K X TOTHOMY 3alOJIHEHUIO (3aBUCUMOCTH [(—
12), korma 3TH sueiKY 3a0710KUPOBAHBI TS JIOCTYTIA BOJIBI
1 ammuaka, OHAKO yxKe OMDKaNIMi K HeMy CETOBU/I-
HBIA Iposb /3 CBUNETENBCTBYET O IOBTOPHOM YaCTHY-
HOM OCBOOOXKIECHHH 3THX SUEEK OT KaTHOHOB, OTKPBIBAS
JIOCTYIT MOJIEKYJIaM BOJbI M aMMHaKa B 3TH CTPYKTYpHbIE
ANIEMEHTBHL. A TIPOMITb CIIEMYIOMIErO 32 HUM OIbITa /4
JIaeT OCHOBAaHHE TOBOPUTH 00 OOpaTHON TEHAEHIMH: TI0-
BTOPHOM YaCTUYHOM 3aIIOTHEHUM CONAJIMTOBBIX STYEEK
KaTHOHAMH, 4YTO TIOATBEP)KAACTCS JalbHEMIIeld cepuel
orbITOB 15, 16 1 19 (3aBUCHMOCTY IAHHBIX OIBITOB TaKKe
BxomT B rpymy I monorux 3aBucumocteit TI1J] ammuaxa).

[IpoBeneHHbI aHaMM3 MO3BOMSAET YTBEPXKIATh, YTO B
OIBITAX, JAIOMINX 3aBUCHMOCTH TPYHIBI [, GOmbIas yactb
KaTMOHOB HaXOJWTCS B CONAIMTOBBIX SYEHKax M reKkcaro-
HAJIBHBIX MPH3MaX, MEHBIIAs K€ UX YacTh JIOKAITN30BaHa
Ha CTeHKax Oonpblmx monocteil. Ecim roBoputs 00 orpa-
xennu nomydeHHbIMA TIT/I-podursamur urcna KaTHOHOB
HaTpusl B UccieyeMoM o0pastie, To Oojee aleKBaTHO 3TO
YHCJIO OTPAKAETCS HU3KOTEMIIEPATypHBIMU MaKCHMyMa-
MH CEUIOBUIHBIX 3aBHCHMOCTEHN, KOIZla OCHOBHOE KOJH-
YeCTBO KATHOHOB COCPENOTOUEHO B OOJBIIMX MOIOCTSIX CO
CBOOOIHBIM JOCTYIIOM B HAX MOJIEKYJT aMMHAKa M BOJIBL.

3HaUNTENBHOE Pa3iMYMe TUIOLIAIEH TIO/ CeTIOBUHBI-
MH 3aBUCUMOCTSIMH, Harpumep 2 u 23, KOTopkle, Oyayun
KOH(MT'YPAIMOHHO MICHTUYHBIMH, TPUOIM3UTEIRHO B 2
paza pa3IyaroTcs M0 OYEepYMBAEMBIM WMH ILIOIIA M,
CBSI3aHO C PA3NMYHBIM KOJIMYECTBOM JeCOpOMpyeMoii BO-
Jbl M aMMHaKa M3 COAINTOBBIX SUEEK, a TaKKe BOIBI U3
TEeKCarOHAIBHBIX TPU3M B CHITY pa3iIndHOW HANOTHEHHO-
CTH TeX M JPYruX KaTHOHAMH M MOJEKYJaMh COpOaTOB.
Heup3s1, ecrecTBeHHO, COpackIBaTh CO cYeTa U YaCTUYHOE
paspyILeHne CTPyKTyphl 00pasua B TedeHue 23 mpouenyp
JeruapaTalyy, TepMOIecopOL aMMHaka W peruapara-
mi. MIMeHHo — yactiuHoe (Ha ypoBHE 50 %), mpuuem
MPUMEPHO OIMHAKOBOE JIsl BCEX CTPYKTYPHBIX DJIEMEHTOB
obpasua, nockonbky Bee 9 TIId-mpoduneit rpymmsr 11
NPUHLMITHATBHO HACHTHYHBL, T. €. 00pa3er] COXpaHseT Bce
CBOM CTPYKTypHBIC d3jeMeHThl. Ecmm Obl paspyiienue
CTPYKTYpBI 00pa3ia ObUIO MOIHBIM MM BEIOOPOYHBIM, TO
TEpMOIECOPOLIOHHBIE TPODIUIN HE YIAIoch Obl OMy4aTh
BOBCE WM K€ IMONy4aTh C BBIIAZCHUEM OINpPENEICHHBIX
YYacTKOB, T. €. UCIOIb30BaHHBIA Hamu Merod TIIJ] am-
MHaKa SBISIETCS OJHOBPEMEHHO METOZIOM KOHTPOIS CTe-
MEHU COXPAHHOCTU LIEOJIMTHOM CTPYKTYpbl B TEUEHHUE
OrbITa.
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Hcmonp30BaHHBII METOT HE TTO3BOJIIET, K COMKAIICHHUIO,
pazmMuaTh TEPMOACCOPOMpYEMbIe BOIY U aMMHUAK, OfHA-
KO, €CITM UCXOJUTh U3 €CTECTBEHHOM MOCNIEIOBATEILHOCTH
necopOimm, orpaxkaemoit TI1/[-3aBucumoctsimu (OGonbIime
TMIOJIOCTH, CONAIUTOBBIC SYEHKH, TeKCATOHAIBHBIC MPU3-
MBbI), TO JJAHHBIN HEJIOCTATOK METOJIA HE SBJISCTCS CYIIECT-
BEHHbIM. BaXkHO TO, 4TO OH JA€T BO3MOKHOCThH CYAUTH O
Pa3IMYHON U TIEPUOMIECKHA TTOBTOPSIIOLICHCS HAIOIHEH-
HOCTH KAaTHOHAMH COOTBETCTBYIOIIMX CTPYKTYPHBIX 3Jie-
MEHTOB 00pasifa. B wacTHOCTH, TIpr MakCHMAaJIbHOW KaTH-
OHHOW HATOIHEHHOCTH CONAJIMTOBBIX SUCEK M TEKCaro-
HAJIBHBIX TPH3M JIOCTYII COpOAaTOB B 3TH CTPYKTYpPHEIC
ANIEMEHTHI 3a0M0KupoBaH. Torma TepMomecopOIus oTpa-
xaetcst rpyrmoit [ TITA-npoduneii. Haobopor, B cimydae
OCBOOOYK/ICHUS KATHOHAMY STUX CTPYKTYPHBIX 3JICMEHTOB
HX TPOCTPAHCTBO CTAHOBUTCS AOCTYIHBIM I MOJIEKYII
BOJIbI M AMMHAKa (CONAJIMTOBBIC STYCHKH) HITH BOJBI (TEK-
caroHaJIbHBIC ITPU3MBI). Terepb TepMOoIecOpOIs OTpaXKa-
ercst Tpyrmoi cemroBUaHbIX T/ I-mpoduneii.

Crenmanfble BBIBOOBI 00 M3MEHSIOIENCS TUCIIOKALIAN
KaTHOHOB OT OIBITA K OMBITY ME&KIY OTACTBHBIMU CTPYK-
TYpHBIMH BJIeMeHTaMu Iieomta NaY HaxoIdrcs B XOpo-
IIEM COOTBETCTBUM C PE3yNbTaTaMH MAaTeMaTH4eCKOro
MOZCITMPOBAHUS TIEPEPACIIPEACICHUSI KATHOHOB MEXITY
STUMU 3JIEMEHTAMH JAHHOTO 1ICOJUTA MOJ BO3ICHCTBUEM
BOZIBI [5]. ABTOpamMu paOoTHI [5] MOKa3aHO, YTO B PE3YITh-
Tare ajcopOIMu BOJIBI JICTHAPATAPOBAHHBEIM 00pa3IioM
NaY umeeT mMecTo mepexo/i KATHOHOB HE TONBKO U3 MO3HU-
i S; B mo3unuy Sy, HO U 00paTHbIA niepexo u3 Si' B S;.
ABTOpBI, OJJHAKO, 3aMEYAIOT, YTO U3 MOTYUYCHHBIX PaCcUeT-
HBIX PE3YJIFTAaTOB HEMB35 CACMATh BBIBOJ O PABHOBECHOCTU
MOTy4aeMOro UIMU KaTHOHHOT'O PACTIPEACIICHUS U HAXOISIT
BeCbMa BEPOSTHOM BO3MOKHOCTH pPEaM3allid METacTa-
OWIIBHBIX COCTOSHUI TPH SKCIIEPUMEHTAILHO OOHAPYKH-
BacMOM pacipe/ielieHIH KaTHOHOB. Kcxons mpu ocyiiecT-
BJICHUM MaTeMaTUYeCKOTO MOJICTMPOBAHUS U3 HEKOTOPOro
HAYaJIbHOTO PACHpENENICHUsS KATHOHOB IO OTACTBHBIM
SNIeMEHTaM CTpYKTypbl NaY, aBTopsl paboThI [5] paccun-
THIBATM TPUATH K PaBHOBECHOMY HX PAaCIPEACIICHUIO.
OnHako SKCIEPUMEHTATHFHO TOCIENHEe HE JIOCTUTHYTO,
OTKYZIa CACNAHO 3aKITIOUYEHHUE, YTO 3aIlOJHEHHOCTh KaTHO-
HaMU COJATMUTOBBIX SUCEK IMPEMATCTBYET JOCTYIy B HUX
MOJIEKYJT BOJIbI, KOTOPOI aBTOPBI OTBOJIST OOJIBIITYIO POJIh
B MepepacnpeeicHIH KaTHOHOB IO 3JIEMEHTaM IICOJUT-
HOM CTPYKTYpBL

W3 dakra mMHAMHKN KaTHOHOB B 00pasile BHITEKACT
CaMbIil B)XHBIN BOIMPOC: YTO SIBISIETCA NMPUYIUHOMN Tepe-
MEILIEHHS KaTHOHOB U3 MO3UIMH C MUHUMYMOM TOTEHIIH-
AITLHOM SHEPIUY B SHEPreTUYECKU MEHEE BBITOJIHBIC TIO3U-
1Y ¥, HA0OOPOT, YTO MPEIITCTBYET KaTHOHAM U3 SHEpre-
TUYCCKU HEBBITOMHBIX TMO3UIIMI TepeMelaThcsi B PaBHO-
BECHBIC TTO3UILIUH, T. €. TO3ULK C MUHUMYMOM SHEPIHUun?

[TomyueHHbIe HAMU SKCIIEPUMEHTATBHEIC TAHHBIE (PHC.
1) oTpakaroT, Kak HaM KayKeTcs, TICPEMCIIOKAIIUIO KaTHO-
HOB B 00pa3Ie OT OIbITa K OIMBITY U HAXOAATCS B COOTBET-
CTBHU C TIPHBEIICHHBIMH BBIIIIE SKCIIEPUMECHTAIEHBIMU U

pacYCTHBIMU JIAaHHBIMH, B3STHIMH W3 JHTeparypbl [lpu
3TOM CHJILHO (B 4—5 pa3) pa3iyaroipecs IIoa I, o4ep-
yrBaeMble 3aBucMMocTsMU rpym I u II, cBunerenscrBy-
0T, 4TO B 3TOM TIEPEMEILIEHNH 33/IEHICTBOBAaHbI HE TOJBKO
KATHOHBI, PACIIOIOKEHHBIC B OOJBIIMX TOJIOCTSIX, HO U B
JPYTHX CTPYKTYPHBIX AJIEMEHTAX I1COJHTA.

CMellieHre KaTHOHOB € MO3UIMKA ¢ MUHUMYMOM TIO-
TEHIMAILHOM SHEPTUH, C HAIICH TOUKU 3PEHUS, SBISCTCS
MpSIMBIM M BEChMa BAKHBIM CJICACTBHEM TeopeMbl MpH-
IOy — OJTHOM K3 OCHOBHBIX TEOPEM 3JIEKTPOCTATUKU [8—
11]. CornacHo naHHOW TeopeMe, CHCTeMa HEMOABMKHBIX
TOYEUHBIX 3aPsIIOB, HAXOISIIMXCS HA KOHEYHOM PacCTosi-
HHH APYT OT JIpyra, He MOXeT ObITh ycToiumBoi. Teopema
JIOKa3bIBACT, YTO IMOTCHIMAIBHAS SHEPrUs CTaTUUECKOU
CHCTEMBI 3apAJIOB HE MOKET UMETh MUHUMYMa, HAJIMUKE
KOTOPOT'O SIBJISIETCS] HEOOXOMMBIM YCIIOBUEM YCTOMYIMBO-
CTH CUCTEMBL

Leomutel, npeacTaBisist cOO0H CHCTEMY TOYEUHBIX 3a-
PSIIOB, C OOHOM CTOPOHBI SIBJIAIOTCS MICATBHBIM IpHMe-
pPOM OOBEKTOB, MOMNAIAIONIMX IO JCHCTBHE TEOPEMBI
HWpHI1oy, ofHaKo ¢ ApYroid CTOPOHBL, LIEOMUTHI — OOBEKTHI
BIIOJTHE YCTOWYMBBIE. B CBSI3U € 3TUM MPUXOIUTCA CACHATh
3aKUTIOYEHHE, YTO 3Ta YCTOMYMBOCTh MPUOOPETEHA UMU 32
CYET JIMHAMUKH 3apsDKEHHBIX YacTHIl. ATOMbI KPEMHHUS U
KUCIIOpONia (PUKCHPOBAHBI B COOTBETCTBYIOIINX KPHCTaI-
JorpauuecKuX y3iax LEOJIUTHON PEIIETKH JIOCTATOYHO
YKECTKO, MO3TOMY TAKUMHU YacTUIIAMUA MOTYT OBITh JIMIIb
KOMITCHCHPYIOIIME KaTHOHBI, KOTOpBIE, HE 00Maias xKecT-
KoM (puKcarmell B IIEOIMTHON CTPYKTYpE, COXPaHSIOT O
BIDKHOCTB. [Ipu JTokanmu3aimy KaTHOHOB B MOZULIUSIX C MU-
HUMYMOM TOTCHIIMATBHON 3HEPIUH LICOIUTHAS CTPYKTypa
CYIIECTBOBATH MOXKET, OIHAKO €€ COCTOsIHME OyIeT TepMo-
JIMHAMUYECKH HEYCTONYMBBIM: IOCTATOYHO HUUTOKHO Ma-
JIOTO TI0O MHTEHCHBHOCTH BO3MYIIAIOIIEro (hakropa M CUC-
TeMa MOTepsieT YCTOMYMBOCTh, UTO BBIPA3UTCS B CMEIIIC-
HUM KaTHOHOB C MO3UIIUI ¢ MUHUMAITBHON SHEPIUEH.

CnencreueM Teopembl MpHIoy sBisieTcss Taioke Au-
HaMHKa KATHOHOB, JIOKAM30BaHHBIX HA CTEHKaX OOJIBIIHX
TOJIOCTEH, O YeM CBHUJICTEILCTBYET 3HAUMTENBHBINA (283—
318 °C) pa30poc BemIUH 7 JUTS 3aBUCUMOCTEH TPYIIITHI
I, kax u 3aMeTHsIi pa3dpoc mIomaaeH, OYepUeHHBIX 3aBH-
CHMOCTSIMM JTaHHOM rpyrmbl. [locnenHee, BpoyeM, MOKET
OBITH CBS3aHO C TPYIIMPOBAHMEM KATHOHOB Ha CTEHKAX
OONBIIX TIONOCTEH B KiacTepsl [ 12].

B kauectBe (pakTOpOB, MPUBONANIMX KATHOHBI B JBHU-
YKEHUE, CITyKaT MPOIECAyPhI JCTHIpaTalii—perHapaTaIim
[eoMTa ¥, TIO-BHMMOMY, B MEHBIIEH Mepe COpOmur—
necopOLmK Ha HeM ammuaka. [Ipu 3ToM mpouecc cMerte-
HUS KaTHOHOB MOXKET MPUOOpETaTh KOOMEPATUBHBIN Xa-
pakTep, OTKyla — MAaKpPOCKOIMMYECKOE, TI0 CYIIECTBY, IPO-
SIBJIEHUE CIIEACTBHIA 3TOrO TpOIlecca B BUIE CHIBHO pas-
Jmyarormmxcs 3aBucumocteit TTTJ] ammuaka.

Ponb maHHBIX (PaKTOPOB B MONEPEMEHHOM JIBYKCHUU
KaTUOHOB HE CTOWT, OJHAKO, NPCYBENIMYMBATh. Ecimu ObI
3Ta PoJTh ObLTA PEIIAOIICH, TO B KaXKIOM OITBITE CIICI0Ba-
JI0 ObI OXKUJIATh BHIHOCA KATHOHOB U3 MEJKUX JJIEMEHTOB
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TOPHCTON CTPYKTYPhl B OOJBIIKE IOIOCTH ICOMUTHBIX
KPUCTAUIOB HA CTaJWH, HANpUMeEp, JETUpaTalii U Io-
BTOPHOT'O MX BO3Bparta B 3TH SJIEMEHTHI Ha CTAMN PETUI-
pataumu obpasua. OmgHako B 9 ombTax 3a()MKCHPOBaHO
pacrnpezesieHie Kak KaTHOHOB, TaK U copOaToB IO OT/EIb-
HBIM CTPYKTYPHBIM 3JIEMEHTaM LICOJIUTA, T. €. TIOTOK BOJIBI,
HanpaBJIeHHbI HAPYXy, OKazajcsi HECIIOCOOHBIM B ATHX
CIIy4asix BBIHECTH KaTHOHBI B OoJblMe monoctd. PaBHO
Kak OH He BCErza CrocoOeH “BhIpBAaTh’ KAaTHOHBI U3 TeKca-
TOHAIBHBIX TPU3M, T. €. T€ KaTHOHBI, KOTOpbIe HauOomee
MPOYHO CBSA3aHHBIE C IIEOJMTHON PEIIETKOM. JTO 3HAUMT,
YTO, HECMOTpPS Ha HAIPaBICHHOCTb MOTOKA BOBI NPU Ka-
KIOM JIeTUApaTalii M3HYTpH KpPHCTaJUIOB HApyXy, Ka-
THOHBI MOTYT JBUTAThCS WM B OOpaTHOM HallpaBIICHUH,
W BOBCE HE 3aTParuBaThCs MOTOKOM MONEKYJN Bomsl. C
BOJZIOW KOHKYPHPYET BBOIMMBIA B LIEONUT aMMHaK, 4TO
eriie OoIbILe OCTIOKHSAET KapTHHY. TeM He MeHee pUIrHa
TIOMEPEMEHHOTO IBMKEHHS KaTHOHOB B LIEOIUTE MHad, a
MPOBOIMIMBIE TIPOLIEYPBI JAIOT JIMILB TOTYOK KaTHOHHOW
JIMHaMHUKe, KOTOpasi BIOCIEACTBAM OCYIIECTBIISACTCS HE3a-
BHCUMO OT HUIX.

Ipekpartenre neiicTBrsl BO3MYIIAIONIETO (hakTopa He
O3HAuaeT MpEeKpalleHne UTMTEIBHOH KoneOaTebHOM -
HaMHKU KaTHMOHOB, JBIDKYIIEH CHJION KOTOpPOH sBiAercs
BO3HMKHOBEHUE Pa3HOCTU XMMHYECKUX MOTEHIHAIOB Me-
Iy CKOIUICHHSIMH KaTHOHOB B OONBIIMX MOJOCTSIX, C OA-
HOW CTOpPOHBL, ¥ B CONAIMTOBBIX AYEHKaX M reKcaroHaIb-
HBIX NPU3Max — C Apyroi. MoXHO Jake 3aKITI0YUTh, YTO
KaTUOHBl HaxOIITCA B HEMPEPBIBHOM IOMEPEMEHHOM
JBIDKCHUN B LICONUTAX NP MX XPAaHEHHW B OOBIYHBIX YC-
noBusix. Cnemyer monaraTe, YTO HEPBOINPUYMHA BO3HMK-
HOBEHHS TIONEPEMEHHON IMHAMUKM KAaTHOHOB B XpaHs-
mmxcsl o0pasuax 3ajJoKeHa B HEPaBHOBECHOCTH YCIIOBHIA
CHHTE3a LIEOJIUTOB, HEPABHOBECHOCTH TPOLIEAYP NOHHOTO
o0MeHa WM KaKUX-TMOO MHBIX MPOLEAYp MOAM(PUKALHI
neommtoB. CornacHo Teopeme MpHIoy, 3Ta HepaBHOBEC-

HOCTb U SIBJISICTCSI YCJIOBHEM KAXKYILErocs PaBHOBECHOTO
CYIIIECTBOBAHMS LICONMUTHBIX CUCTEM, 8 KATUOHBI, JIOKAJIH-
30BaHHBIC B MOZUIMAX S; U S, MOTYT MOKUJATh JTAHHBIE
TIO3UIINH.

1. Penenpkuii LA., IMatpunsax K., Iarpunsax JLK.,
SxoBenko A.B., Ximis, ¢hisuxa ma mexuonoeis nogepxi,
2013,4 (3), 314-319.

2. bpex . Lleonumosvie monexynaprule cuma, Tiep. ¢
anr1., M., Xumus, 1976.

3. Norby P., Poshni F.I., Gualtieri A.F. at al., J. Phys.
Chem. B.,1998,102, (5), 839-856.

4. Lella A., Desbiens N., Boutin A. at al., Phys. Chem.
Chem. Phys., 2006, 8, 5396—-5406.

5. Lee Y., Vogt Th,, Hriljac J.A. at al., Nature, 2002,
420, 485-488.

6. Isanenko B.B., Juc. ... kauo. xim. nayx, Kuis, 2011.

7. SIkoenko A.B., IMarpwrsik JLK., Manza U.A., Ilat-
pwrik KW., Teopem. u sxcnepum. xumus, 2000, 36 (5),
247-250. — [Theor. Exp. Chem., 2000, 36 (5), P. 286289
(Engl. Transl.)].

8. Earnshaw S., Trans. Camb. Phil. Soc., 1842, 7, P. 97—
112.

9. Jones W., Eur. J. Phys., 1980, 1, P. 85-88.

10. JIunbkoB P.B., Mumnep M. A., Quzuueckas snyux-
aoneoust, M., CoB. sHIIMKIOI., 1990, 2, 216.

11. Tamm WE. Ocnosbr meopuu anexkmpuuecmesa, M.,
OU3MATIJINT, 2003.

12. Barthomeuf D., Catal. Rev.: Sci. Eng., 1996, 38 (4),
521-612.

Tocmynuna 6 pedaxyuro 25.09.2014 2.



42

Kamanu3z u negpmexumusn, 2014, No 23

Oco0mBOCTI TEpMOAEcOPOILil aMmiaKy
3 moBepxHi neostity NaY
K1 HHampunax, LK. Ilampunsx, O.11. Illepmko, M.M. /lemudenko

Inemumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 02660 Kuis, eyn. Mypmancoka, 1, E-mail: patrylak@yisti.com

BusiBiteHO KapIMHAIEHO BiMIHHY B TApAJIENIbHAX JIOCTIZIAX TEPMOIECOPOLII0 amiaKy 31 3HEBOI-
HIOBaHOT0-00BOTHIOBAHOTO IieoitiTy NaY. SIBurrie iHTeprnpeToBaHO Ha OCHOBI pO3TIISTY LICOMITY
SIK CHCTEMHM TOYKOBHX 3apsi/iiB, sIKa BiJIIOBIIHO JI0 TeopeMH IpHIIOYy He MOXKe MaTh MiHIMyMy
eHeprii, 1 Oyab-ska He3Ha4Ha JIjist 371aTHA BUBECTH LICOJIT 31 CTAHy HECTIMKOI pIBHOBAard. Y MOBOIO
ICHyBaHHSI IICOJIITHOI CTPYKTYpPH € AMHaMiKa OOMIHHUX KaTiOHiB.

Peculiarities of ammonia thermodesorption
from the surface of NaY zeolite

K.I Patrylak, LK. Patrylak, O.P. Pertko, M.M. Demydenko

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
1, Murmanska Str., 02660 Kyiv, Ukraine, E-mail: patrylak@yvisti.com

Cardinally different ammonia thermodesorption from the dehydrated-rehydrated NaY zeo-lite in
the parallel experiments has been revealed. The phenomenon was interpreted on the base of con-
sidering the zeolite as the system of point charges, which according Earnshaw theorem cannot has
the energy minimum, and so any negligible action can turn out the zeolite from the state of unstable
equilibrium. The dynamics of exchange cations is the condition for the existence of the zeolite
structure.
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Bromination of carbon fibers as a route
to formation of active functional surface
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Bromination of PAN-based carbon fibers (CFs) by liquid bromine and aqueous solution of
Br,"KBr complex was carried out and chemical and thermo desorption properties of the samples
synthesized were studied. It was established that bromination of carbon fibers resulted in grafting
onto surface layer up to 0,5 mmol/g of bromine and its concentration slightly depended on the
method of bromination. Graft bromine is hydrolytically stable at 30—100 °C. It was established that
thermal desorption of bromine as HBr occurs within the temperature range 100600 °C. The
amount of HBr desorbed in the temperature ranges of 100-300 and 300600 °C is approximately
the same. It was found by TGA and TPD-IR methods that the concentrations of carbon monooxide
and dioxide for brominated CFs are higher in comparison with initial carbon fibers that indicate a
parallel process of surface oxidation which results in formation predominantly phenolic groups.
Treatment brominated CFs with alcoholic solutions of different amines under heating leads to the
complete removal of the bromine and grafting N-containing functional groups onto the surface

layer. Concentration of amino groups in the surface layer of samples equals 0,5-1,0 mmol/g.

Carbon fibers (CFs) in comparison with other carbon
materials with large surface and porous structure possess
high thermal and mechanical resistance, so they are com-
petitive materials for application in adsorption and catalysis
[1, 2]. Their properties can be varied by the modification of
the surface with different functional groups [3, 4]. One of
the most common synthetic approaches used in organic
synthesis for obtaining various compound derivatives is the
initial preparation of halogen-containing precursors with
active halogen that can be substituted by other functional
groups.

In the present work bromination of carbon fibers using
liquid bromine and aqueous solution of Br,-KBr complex
was carried out and brominated precursors were treated
with amines for synthesis of N-containing carbon materials.

Experimental

Commiercial Polyacrylonitrile-based carbon fibers (CFs)
were used as an initial material. The samples of CFs with
functionalized surface were obtained as follows.

Bromination with liquid bromine (method B1) or aque-
ous solution of Bry'KBr complex (method B2): carbon fibers
(5 g) were treated with 10 ml of liquid bromine or 50 ml of
aqueous solution containing 10 % Br, and 15 % KBr at
room temperature for 1 hour. Then the samples were
treated with 10 % solution of potassium oxalate (200 ml)
till carbon dioxide evolution was ceased. The samples were
filtered and washed with distilled water until Br ions were
not detected in washing waters. Modified fibers were dried

at 120 °C. The samples obtained are designated as CF/B1
and CF/B2.

Substitution of bromine by the amine residues: samples
CF/B1 or CF/B2 were mixed with excess of 20 % ethanol
solution of amine and heated at 90 °C for 15 hours in an
autoclave. Thereafter, the fibers were washed with water
and dilute sulphuric acid to remove physically adsorbed
amine, then with 1 % sodium carbonate solution for re-
newal of basic state of amino groups. The samples were
washed with distilled water to neutral pH of washing water
and dried at 120 °C. For CFs modification the following
amines were used: ethylenediamine (En), diethylamine
(Et:N), monoethanolamine (MEA) and piperazine (Pi).

The synthesized samples were investigated by chemical
(CA) [5] and thermogravimetric (TGA) analysis, tempera-
ture-programmed desorption with IR spectrometric regis-
tration of gaseous products of desorption (TPD-IR) and
temperature-programmed desorption mass spectrometry
(TPD-MS).

Results and discussion

According to CA data bromination performed under
condition of mentioned above techniques provides obtain-
ing up to 0.5 mmol/g of bromine in carbon surface layer.
This concentration weakly depends on the chosen method
of treatment.

Analysis of TPDMS data revealed the presence of the
fragments with m/z 80 and 82 (HBr) in desorption products
in an equal amount that corresponds to the natural ratio of
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isotopes of bromine. Signals of the fragments with m/z 79
and 81 (Br) are significantly less intensive and completely
synchronous to the temperature dependences of HBr evolu-
tion, indicating the formation of Br as a result of HBr disso-
ciation in the mass spectrometer but not as the decomposi-
tion of Br-containing groups on CFs surface. Desorption of
HBr occurs in a wide temperature range, which indicates
the energy inhomogeneity of surface sites involved in bro-
mination process. The amount of HBr which is desorbed in
the temperature ranges of 100-300 and 300-600°C is
approximately the same.

Bromination of carbon fibers that was carried out
according to the proposed techniques was accompanied by
a significant oxidation of the carbon matrix. As a result of
the parallel oxidation of CFs surface various oxygen-
containing functional groups were formed. Significant de-
sorption of water and carbon oxides all over temperature
range studied was registered.

Graft bromine is sufficiently stable and does not hydro-
lyze upon prolonged storage of brominated CFs at room
temperature, both in air and in water. Hydrolysis occurs
while samples are treated with concentrated alkali solutions,
particularly when heated.

According to TGA data desorption of bromine from the
surface of the CF/B1 and CF/B2 samples are registered in
the range of 170-320 + 10 °C with a maximum at 220 °C
and at higher temperatures. The concentration of bromine
determined by TGA in a low temperature range equals 30—
50 % of the total amount of bromine in the samples. The
concentration of bromine which desorbs in a high tempera-
ture range can not be determined by this method because

simultaneously intensive desorption of carbon oxides from
the CFs surface occurs.

After treatment of CF/B1 and CF/B2 samples with al-
coholic solutions of amines the absence of bromine was
observed and a new peak of weight loss appeared on TGA
curves at 260 +20°C, indicating to the substitution of bro-
mine by amino groups. As it was found by TGA the con-
centration of amino groups in the samples was equal 0,5—
1,0 mmol/g. The samples obtained have sufficient thermal
stability and can be used both as adsorbents and catalyst
carriers [6] with large specific area and functional surface
layer.

1. Ko T.-H., Chiranairadul P., Lin C.-H., Journal of Ma-
terials Science Letters, 1992, 11, 6-8.

2. Linkov V.M., Sanderson R.D., Lapidus A.L. and
Krylova AJ., Catalysis Letters, 1994, 27, 97-101.

3. Antoniadou S., Jannakoudakis A.D., Jannakoudakis
P.D., Theodoridou E., Journal of applied electrochemistry,
1992, 22, 1060-1064.

4. Barrieére F, Downard A.J., J. Solid State Electrochem-
istry, 2008, 12, 1231-1244.

5.ISO 1841-1:1996.

6. Radkevich V.Z., Senko T.L., Wilson K., Grishenko
LM., Zaderko AN., Diyuk V.Y., Applied Catalysis A:
General, 2008, 335 (2), 241-251.

Received to the editors 30.09.2014.



Kamanus u nepmexumusn, 2014, Ne 23

45

BpoMupoBanue yrijiepoaHbIX BOJIOKOH KAK METO/
(popMuUpoOBaHNS AKTUBHOI'0 MIOBEPXHOCTHOTO CJI0SI
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IpoBeneno GpomupoBaHKe yIiepoaHOro BoIokHa Ha ocHoBe ITAH »ukuM GpoMOM 1 BOTHBIM
pactBopoM Komiutekca Bry-KBr. VccnenoBans! XMMHUYECKHE M TEPMOAECOPOLIOHHBIE CBOMCTBA
TIOTy4EHHBIX 00pa3LOoB. Y CTAHOBJIEHO, YTO OpPOMHPOBAHNE TIPUBOAUT K BBEJICHUIO B TIOBEPXHO-
CTHBIH cI10# BosokHa 10 0,5 MMOE/T GpoMa M €r0 KOHIICHTPAITHST MAJIO 3aBUCHT OT METo/ia Opo-
MupoBanys. [IprBHUTOIN OpoM SIBJISIETCS THAPOIMTUYECKH YCTOWUIMBBIM NpU Temrieparypax 30—
100°C. YcraHOBIIEHO, YTO BBIIEIEHHE OpoMa MPOKCXOIUT B TeMIieparypHoM naTepBasie 100-600 °C
B BHJle OpoMoBonoposa, KormuectBo HBr, koTopoe aecopOupyercs B TemiiepaTypHbIX HHTEpBa-
nax 100-300 u 300-600 °C, npuOmsuTensHO oauMHAKoBO. [1oka3aHo, 9To Jy1s GpOMUPOBAHHBIX
00pasIIoB 110 CPAaBHEHHIO C MCXOHBIM YIJIEPOIHBIM BOJIOKHOM HAOMIONACTCS YBEINUICHHE KOH-
LIEHTpaLi OKCHIIOB YITIEPOJa, OCOOCHHO MOHOOKCH/IA, UTO CBUJIETEIBCTBYET O MapauIeibHOM
OKVICJICHIH TIOBEPXHOCTH 00pasIioB ¢ 00pa30BaHKMEM MPEUMYIIECTBEHHO (heHONMBHBIX rpym. O6-
paborka GpOMHPOBAHHBIX 0OPA3LIOB CIMPTOBBIMU PACTBOPAMH aMHUHOB PA3IMYHOM NPUPOJIBI TIPH
HarpeBaHUX TIPUBOJWT K MOJTHOMY YJICHHIO OpoMa M BBEACHHIO B TIOBEPXHOCTHBINA clOi N-
coeprKanyx (PyHKIMOHATBHBIX TPy KoHIeHTparys aMUHOIPYIIT B TIOBEPXHOCTHOM CJIO€ BO-
JsioxHa coctanister 0,5—1,0 MMOTIB/T.

bpomyBaHHs ByIyieieBUX BOJIOKOH SIK METO/]
(popMyBaHHS AKTMBHOI'0 IOBEPXHEBOI'0 HIAPY

JLM. I pimenkol, .M. Be?ya/zal, A.B. Bam.moxl, O.M. 3a0epl<01,
O.B. Micuanuyi’, B.€. JTirox’

!Kuiscoruii nayionamsnuii yuisepcumem iveni Tapaca Ilesuenka,
Yxpaina, 01601 Kuis, syn. Bonooumupcoka, 60; men: (044) 239-34-38;
? Inemumym ximii nosepxui iveni O.0. Yyiika HAH Yipainu,
Yxpaina, 03680 Kuis, eyn. I'enepana Haymosa, 17; men: (044) 424-11-35

Ipoeneno GpoMyBaHHS ByIJIELIEBOrO BOJIOKHA Ha ocHOBI [TAH pimxuM OpoMoM i BOTHUM po3-
yuHOM Komruiekcy Br,'KBr. JlocrmimpkeHo XiMidHI 1 TepMozecopOLiiHi BIaCTUBOCTI OTPHMAaHHX
3pa3kiB. BcTaHOBIIEHO, 1110 OpOMYBaHHSI TIPU3BOIHTE JI0 BBEACHHS B IOBEPXHEBH I1ap BOJIOKHA
110 0,5 MMOJTB/T GpOMY 1 HOro KOHITCHTpAITiS ClTa0KO 3AICKUTH B MeToy OpoMyBaHHsL. [Iprmiie-
IIEHHI OpOM € TiapomiTHYHO cTitikuM npu Temreparypax 30—100 °C. INokazaHo, 1110 Tepmozeco-
pO1ist OpoMy criocTepiraeTbest B TeMreparypaomy intepsaiti 100-600 °C y Bursii GpoMOBOIHIO,
Kinbkicte HBr, sikunit necopOyeTsest B Temmneparypaux inrepsaiax 100-300 i 300-600 °C, € npu-
OMI3HO OTHAKOBOIO. BCTaHOBITEHO, 1110 TIOPIBHSHO 3 BUXIIHUM BYIJICTICBAM BOJIOKHOM, IS Opo-
MOBAHHX 3pa3KiB CIIOCTEpIraeThest 30UTHIICHHS KOHIIGHTpAL! OKCHIIIB BYIVIELI0, OCOOJIMBO MOHO-
OKCHTY, IIIO CBITYATH NPO NapajieIbHe OKHCICHHS TIOBEPXHI 3pa3KiB 3 YTBOPEHHSIM IEPEBAKHO
(eronmpHMX rpyI. OOpoOKa TaoreHoBaHNX 3pasKiB CIIMPTOBHMH PO3YNHAMHM aMiHIB PI3HOI MPH-
PO TIpH HArpiBaHHI MPU3BOAMTH JI0 TTOBHOTO BHJIJICHHS! OPOMY 1 BBEIICHHIO B TTOBEPXHEBHI
map N-BMiCHUX (yHKIIOHAJIEHUX TpyI. KoHIIEHTpartis aMiHOTpYIT B TOBEPXHEBOMY ILIapi BOJIOK-
Ha ctaHoBHTH 0,5—1,0 MMOJTB/T.
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IepeecTepugikauiss pinakoBoi 0.1ii 0yTaHO/JI0M

C.0. 3ybenxo, /LK. Ilampunsak

Inemumym bioopeariynoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 02094 Kuis, eyn. Mypmarcoka, 1; men/ghaxc: (044) 559-98-00

JlocnipkeHo BIUTMB Ha TIporiec repeecTepudikarii pirakoBoi ofii #-0yTaHOIOM TeMIlepaTypH, KOHIIEHT-
patii Karaizaropa Ta MOJIIPHOT'O CIIiBBITHOIIEHHS! crupT/onist. [Ioka3zaHo MOXJIMBICTE ofepykaHHst OyTH-
JIOBHIX €CTEPIB MKUPHHUX KUCIIOT 3 BUX0OM 80-85 % 3a HM3BKHX TeMIIepaTyp. 3arporiOHOBAHO MOJAIIBIII

IIUTSIXH TTi IBUIIICHHST BUXOJTY IIUTHOBOT'O TPOITYKTY.

3pocratoui LiHK Ha HAQTY B MOEAHAHHI 3 KITIMATHYHU-
MH 3MiHAMH 3aroCTPIOIOTH MUTAHHS AKTHBHOTO TOLIYKY
ANBTEPHATHBHUX JpKepen eHeprii. OIHUM 3 TaKUX MOXIIU-
BUX JpKepel € OiomsenbHe naamBo [ 1-3] — mpomykT nepe-
ecrepudikaiii TPUITILIEPUAIB  HU3BKOMOJIEKYIIIPHIMH
cmptamu. Ha cporomi fioro koMepuiifHO BHITyCKae 11iia
HH3Ka €BPOIEHCHKUX KpaiH, cepel sSIKMX HaHOUIbIIMM BU-
pobruKoM € HiMeuurHa.

Skiio B poini TPUIIILEPHIIIB 3aCTOCOBYIOTh JKHUPH Ta
oIii pi3HOI MPUPOIM, ONHAK 3 SIBHUM TIEPEBAKAHHSM pira-
KOBOI Ofii, TO CIMPTOBUM CHPOBHHHHM KOMITOHEHTOM
cIyrye BUKIIOUYHO MeraHoi. [Ipu mpoMy Oinbla gactrHa
BUKOPHCTOBYBaHOI €BpOIOIO PIMaKkoBOl Of1ii Mae yKpaiH-
ChKe TOXOKEHHS, OCKIUTBKU 95 % 1BOr0 MPOIYKTY BIiTUH-
3HSIHI BUPOOHHUKU EKCIIOPTYIOT.

HaitaktuBHimm y nepeecteprdikariii TpUrminepruais
[4] € meTmnoBuid crimpT. OHAK BiH Mae 7B iCTOTHI Baju:
BUCOKY TOKCHUYHICTH [5], 4epe3 1m0 BMICT METaHOITy B TO-
BapHUX METWJIOBUX €CTEpPaxX J>KOPCTKO PErNIAMEHTYIOTH
ypnHI cranmapta (JICTY 6081:2009, EN 14214:2003), Ta
(bakTHUHY OIONOTrTYHY HEBITHOBIIOBAILHICTh, OCKUTBKU
TOBapHMII METaHON OJEPXKYIOTh i3 IPUpOAHOro rasy. Po-
Oumch cipoOu CUHTE3Y 0iOMETaHOMY 3 IEPEBUHHU UM 0io-
BIIXOZIB, aJie TAKUH MPOAYKT 3aIMIIAETHCS HEKOHKYPEH-
TOCHPOMOKHUM 32 COOIBAapTICTIO 3 ONCP)KaHMM TpaIvLIiii-
HUM crtocoboM [6—8]. 3HauHO KpalM y IbOMY BiIHO-
LIEHH] € eTHJIOBUI CITHPT, SIKWH OIEP)KYIOTh 13 POCIMHHOL
CUPOBUHHM Ta SKHH XapaKTepH3yeThCd 3HAYHO HIDKYOIO
TOKCHYHICTIO. 3arporiOHOBAHO TOMOTEHHY Ta TeTePOreHHY
TEXHOJIOTTi OfIEpKaHHsI €TUJIOBUX €CTEPIB Pi3HUX MPHUPOA-
HUX Oil, 3 SIKHX MOXKHA JTOOyBaTH 010/M3eIbHE MATBHE,
110 3a0e311evye HAIEXKHI MOTYKHICH] Ta BUCOKI €KOJOTTYH1
TIOKa3HUKH pOOOTH AM3ENBHOro ABUryHa [9—13].

CyudacHi TeH/IeHIIil pO3BUTKY MEPCIIEKTUBHUX Oi0MaivB
TPETHOro IMOKOMIHHS — Oiompornanony Ta 6io0yTaHomy —
CIIPUSIIOTh PO3TOPTAHHIO POOIT 3 JIOCHTIHKEHHS BUIIMX
CIIMPTIB SIK JIIHIAHOI, TaK 1 pO3rary’keHol OyJJOBH MOJIEKYIT
SK areHTiB nepeectepudikaii [4, 14]. Bigomo, mo 3 poc-
JIMHHOI CUPOBMHM MOYKHA MPOMYKYBAaTH 130MPOMLIOBHIA Ta
n-OytunoBuii crimptu [15, 16]. 3okpema, BUPOOHHIITBO
0i00yTaHOTY 3 JIEPEBUHM CIIOCOOOM OE3KHCIIOTHOTO (hep-

MEHTALIIHOro T1APOIi3y MOoNicaxapHIiB YCITIIIHO BIIPOBa-
mkeHo B Pocii [17, 18]. OmHak BCTaHOBIIEHO, IO TIPH T1e-
peectepudikallii cMpraMu 3 PO3TATYKEHOI OYIIOBOFO
JOCSITAIOTHCS 3HAYHO HIKYI CTYIIEH] TIEPETBOPEHHS OJiH,
HiXK 13 iHIHHOFO [4]. KpiM TOrO0, BUXiI ecTepiB majae 3 po-
CTOM CITMPTOBOrO BYIJICBOMHEBOro JjaHiora [4], xoda
eHepris aKThBaLii peakuil nepeecTeprudikamii Ipyu HEOMY
3HIKYeThes [19].

BBakaroth, 1110 OyTHIIOBI €CTEpH KUPHUX KUCIIOT NPH-
POIHMX OJIiii MOXKHA OIEpKaTH 3 BUCOKMMH BUXOIAMU 32
3HAYHWUX HA[IMILIKIB OyTaHOIy B peaKUifiHiA cymimi Ta
nigsuiiennx Temneparyp: 80 °C y BUMAIKy JIy>KHOrO Ka-
Tamizaropa Ta 110 °C — kucnorsoro [20-22].

Tomy MeToro Hamoi poboTu Oyna crpoba ofep>KaHH
OyTWJIOBUX €CTepiB >KUPHHUX KUCIIOT PIMaKoBoi oiii 3a HU-
3bKUX TEMITEPATYP.

Jist nociipkeHHs OyJ10 B3STO pinakoBy HepadiHoBaHY
omito (JICTY 46.072:2003) BupoOruirea BAT “Hixun-
CBKHIA JKUPOKOMOIHAT”’, JKUPHOKUCIIOTHUI CKJIAJT SIKOi Ha-
BeJieHO y Ta0n. 1, Ta v-Oyranon mapkw 4. (99,2 %), nomar-
KOBO OCyIlIeHHH Ha teoriti KA.

Tabmuus 1. Xapakrepuctnku HepadinoBaHoi pinaKkoBoi ol

IokazHux 3HayYeHHs
Kucnorue urcio, mr KOH/r 6,3
Mosme ancro, T 1/100 T npoxykry 107
B’skicth Kinemaridra mpu 40 °C, Mv/c 34,9
YKUpHOKHMCIOTHHI CKITaT;
Cu 1,35
Cis 4,89
Ciy -
Ciso -
Cig. 86,75
Cisa 2,20
Ciss 0,18
Co -
Cx 3,34
Cu 1,08
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Tabnuus 2. PesyabTaTn nepeecrepudikanii pimaxosoi
0J1ii Oy THJIOBMM CIIUPTOM

Homep | Mormnsipae Macosa Temme- | Buxig,
nocniny | cmiBBimHO- |dactka KOH, %| partypa, %
IIIEHHS ot °C
CITUPT : OJTist
1 10 1 20 31,27
2 10 2 20 61,02
3 7.5 22 20 60,59
4 7.5 22 10 85,78

CuHTE3 IPOBOIMIIN B KOHIUHIH K001 emMHicTiO 500 oM’
nepeMilllyBajld peakiifHy CyMiIl 3a JOIOMOIOI0 MarHiT-
HaBaxKy (100 1) monvBaimM B MonepeaHbO MPUTOTOBICHHI
pozunH KOH y OyrmnoBomy crmpti (m = 54,0-83,1 ).
Bwmict ectepiB y peakuiifHiii cymirn BU3HAYalM 3riTHO 3
EN14103 i3 3acrocyBaHHsM KarniisipHoi KoioHku HP-5
(30 M/0,320 Mm/0,25 MKM) Ha Ta30BOMY Xpomatorpadi
Agilent 7890A. BHyTpilHIM CTaHAAPTOM CIyTYBaB Me-
TIITeIITaIeKaHoaT. TeopeTHdHniA BUXiz ecTepiB po3paxo-
BYBJIM 32 3HAWIEHNM >KUPHOKHCIOTHUM CKJIaZOM OIil.
[pakTiunnii BuXin OyTHIOBHX ecTepiB BU3HAYAIH K Bifl-
HOILECHHS EKCIIEPUMEHTAILHOrO BMICTy OYTHJIOBHX €cTe-
PIB y peakwiiHiii CyMill J0 TEOPETUYHOTO.

Criparourch Ha BJIACHHUI JIOCBIIT 3 OJCpKaHHS €THIIO-
BHUX €cTepiB Ha OCHOBI PIillaKOBOI Ta COHSILIHHKOBOI OJiif
[9-13] Ta mitepaTypHi AaHi 3 CHHTE3y OYTHJIOBHX €CTEPiB
[20-22], Oyno mpoBeneHo nepeecTeprikaIlito 3a MacoBoi
yactku KOH 1,0-2,4 %, H0CTaTHbO BUCOKUX MOJISIPHUX
CITIBBIIHOIIEHb CIIUPT : o1ist (6,5+10:1), ane BiTHOCHO HU-
3pKHX Temneparyp — 10-20 °C.

3a 3BMYaHMX JUTSl METAHOMI3Y Ta €TaHOMI3y TPUBAJIOC-
Tel peakitii 10 1 rox BUXomu OyTHIIOBUX €CTEpPIB PIMaKoBOl
onii mpu 20 °C € mayxe Hu3bkuMu — 10 10 %. 31 3011b111eH-
HSIM TPHBAJIOCTI CUHTE3Y 110 4 TO/I BUXiJl CTAHOBUB OJIM3b-
k0 30 % (Tabm. 2, nocmix 1). [Togsoitu fioro Baamocs rmicis
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T T T
18 2 22 24

KoHueHTpauia KOH, %

Bwuxip 6ymnosux ectepis, %

o

Puc. 1. 3anexHicTh BUXOTY €CTEPIB >KMPHUX KUCIOT Bif
konueHTpanii KOH (MornsipHe CITiBBiHOIICHHS OIS : CIIMPT —
7,5, Temmniepatypa 10 °C)
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0 . . .
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MonspHe cniBeigHowWweHHA cnupT/onia

Buxia 6yTunoBux ectepis, %

Puc. 2. 3anexHicTh BUXOIY €CTEpIB KUPHHUX KHCIOT Bif
MOJIIPHOTO CITIBBIHOIICHHS CIIMPT : OMisl (KUIBKICTh KaTawi3a-
Topa —2,2 %, Temriepatypa 10 °C)

30UTBLICHHST KUTBKOCTI KaTaiizaropa y 2 pasu (mociig 2).
OnnouacHe 30UTBLICGHHS KOHIIGHTpAlii Karami3aTopa 1
3HIDKEHHS! MOJIAPHOTO CITIBBiHOIICHHS CIIUPT:OJIst iCTOT-
HO He BIUTMHYJIO Ha BUXiJ nponykry (mociix 3). HaiizHau-
HiloMy 3pocTanHio (B 1,4 pasa) BUXOMy MPOIYKTIB CIIpH-
sUT0 3HMKEHHS Temrieparypu 1o 10 °C (mocrin 4), 1o Mo-
e OyTH CIIPUYMHEHO EK30TEPMIUHICTIO PEaKIIii repeecTe-
pudikarii [23].

Ipwu 10 °C Oyro OIIHEHO BIUIMB KUTHKOCTI KaTaIi3aTo-
pa Ha Buxiz ectepiB (puc. 1). HaiiBummii BuXin otpumMaHo
3a MacoBoi yactki KOH 2,2 %. 3a Takoi KiIbKOCTI KaTaJli-
3aropa OyfO BH3HAUEHO 3aJIGKHICTH BUXOMAY IPOAYKTIB
peakii BiJl CIIBBIAHOLICHHS peareHTiB. Puc. 2 imoctpye,
0 Tpd JOCSTHEHHI MOJSIPHOTO  CITIBBIIHOILICHHS
CIIHPT : Ofist = 7,5 30UIbLICHHS HA[UMIIKY CIUPTY TIOTip-
Iye BUXII TPOMYKTIB peakiili. He BuKITOUEeHO, M0 yIs
3a0e3medeHHs BUXxomiB > 90 % HeoOXimHe MpoBENCHHS
JBOCTAAIMHOrO TpOLecy IepeecTepudikariii 4 BUKOpHUC-
TaHHS aKTUBHIIIOTO KaTali3aTopa — METAHOIBHOIO PO3UH-
HY METHJIaTy HaTpif0 — AK 3alpOIIOHOBAHO B aMEPUKAHCh-
Kil TEXHOJIOT'Ti OIepYKaHHsI €TUIIOBUX ecTepiB [24].

Orxe, peakuiro nepeecteprdikanii pinakoBoi omii Oy-
TaHOJIOM LIUTKOM MOYKHA PeasTi3yBaTH 3a HU3bKOI TeMIiepa-
typu (10 °C) 3 nocratHpo BuCOKUM BuxoaoM (80-85 %),
SKIIO OpaTH BUCOKI HAUTHIIKK CIUPTY (MOJISPHE CITiBBiI-
HOIIICHHS CITUPT : ofist = 6,5+7,5:1).
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HccnenoBano BiMsHME HA MPOLIECC TEpedTepU(UKaLN PATICOBOrO Macia H-OyTaHOJIOM TeM-
TIepaTypbl, KOHIIEHTPALMH KaTaJIM3aTopa ¥ MOJISIPHOTO COOTHOIIEHHS CITUPT : Macyo. [lokazana
BO3MOXKHOCTB TOJTydEHHsI OYTHIIOBBIX 3(HPOB )KUPHBIX KHCIIOT C BRIXOJIOM Ha ypoBHe 80-85 %
TIpH HU3KHX TeMnepatypax. [Ipemioxkens! anpHENe MyTH TOBBIIEHNS BBIXO/A LIETIEBOTO

HPOAYKTA.

Transesterification of rapeseed oil by butanol

S.0. Zubenko, L.K. Patrylak

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine
1, Murmanska Str., Kyiv 02094, Ukraine, Fax.: (044) 559-98-00

The influence of temperature, catalyst concentration and alcohol : oil molar ratio on rapeseed oil
transesterification by #n-butanol has been investigated. The possibility of synthesis of butyl esters of
fatty acids with a yield of 80-85 % at low temperature has been shown. The further ways for im-
proving the yield of the desired product has been proposed.
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Crarbst MOCBAIIEHAa HOBOMY BBICOKOA(()EKTHBHOMY peareHTy (TexHudyeckoe Ha3BaHue “Cuzon’),
NpEAHA3HAYEHHOMY JUISl OUKCTKH BOAHBIX CHUCTEM pa3HOM NpHpOAbl. PeareHT mpescrasiser co-
00i1 BOIHBII pacTBOpP KPEMHHEBOHM KUCIIOTHI, CTAOMIM3UPOBAHHON Cyib(haroM amomuavst. Haii-
JICHBl OCHOBHBIE TIapaMeTphbl, ONpEeISIONe CTA0WILHOCT U 3(h(EeKTHBHOCTL peareHTa Ipu

OYHCTKE MOACIIbHBIX CUCTEM.

I'moGanbHOe 3arps3HeHre BOIHBIX UCTOYHHKOB CTABHT
MOI Yrpo3y CYILECTBOBaHHE OHMOIOrMYECKUX OOBEKTOB,
BKJIIOYass OCHOBHOTO 3arpsBHMTENs — uenoBeka. Cpemu
W3BECTHBIX Ha CEro/Hs MPOOIEMHBIX MOIIOTAHTOB HAHO0-
Jiee HEeyIOOHBIMH ISl CYILECTBYIOLIMX CHUCTEM OYMCTKU
SBISTIOTCS. pa3nidHble HedrenpoxykTel. [lepedens uctou-
HHMKOB MX BO3HMKHOBEHHSI JIOCTATOYHO OOIIMPHBII: aBTO-
TpaHCIOPT, TpeAnpusiTis HedTenepepadaThBalomed 1
He(pTEXMMIYECKOH MPOMBIILIEHHOCTH, MHOIOYMCIICHHBIE
pa3MBBl HEpTH B pe3yNbTaTe aBapuil TPyOONPOBOAOB U
He(TCHAIMBHBIX CyIOB (TaHKEPOB), 3alPaBOYHBIC CTaH-
LWH, pa3TiyHble MOWKH U T. 1. [lonaganue Hedtu 1 Hed-
TENPOIYKTOB B OKPY)KAIOIIYIO CPedy MPUBOAUT K Hapy-
LICHUIO €CTECTBEHHBIX OMOXUMHYECKUX IPOLIECCOB, MPH-
4eM BO3MO)KHAS TpacopMaiysi yIriieBOIOPOIOB MO BO3-
JCCTBUEM PAIMYHBIX (PAKTOPOB MOMKET MPUBECTH K 00-
pa3oBaHMIO elle Ooee TOKCHYHBIX COSAWHEHHH, oOna-
JAIONMX KaHIIEPOTEHHBIMA M MyTAareHHBIMH CBOMCTBAMH.
HauGonee omacHeIM siBIIsieTCsl 3arpsi3HEHHE TTOBEPXHOCT-
HBIX U TPYHTOBBIX BOJI, KOTOpbIE TPaHCIOPTUPYIOT HedTe-
MPOIYKTHI HA OrPOMHBIE TEPPUTOPHU U 32 MHOTME KHIIO-
METpPBI OT paiioHa 3arps3HEHHS! B BOJE TOSBILIOTCS OCH-
3WH, KEPOCWH, IW3TOIUIMBO, TOIUIMBHBIE M CMAa304YHBIC
Macia, TOIMyOJL, KCHJIONBI, OEH30J1, (PEHONBI U T. 1.

EnmHCTBEHHBIM pa3yMHBIM BBIXOIOM M3 CIIOKHBILICHCS
CUTYyalliM SIBJISICTCS TIOBCEMECTHOE CHIDKEHHE aHTPOIIO-
TEHHOrO BO3/ICHCTBHUSI Ha 3KOCHUCTEMY B IIEJIOM U aKBa-
CUCTEMY, B YacTHOCTH. Hamnboree nepceKTHBHBIN IyTh K
BOCCO3JIaHUIO M COXPAaHEHHIO THAPOC(Epsl — CO3IaHHe
TIPH YCIIOBHH PeaIM3allii KOMIUIEKCa MEPONPUSTHI eIy-
HOM SKOJIOTMYECKOM IIEMH “‘BOIOEM — IMTHEBAs BOIA —
BogoeM”. IIpexnie Bcero, 3T0 Kacaercsi BHEAPEHUS BBICO-
KO3(P(EKTUBHBIX TEXHOJIOTMH OYMCTKH IPUPOIHBIX U
CTOUHBIX BOJI, BKIIIOYAsl HE TOIBKO CO3/IaHHE HOBBIX, HO U
MOJZIEPHU3ALMIO M YCOBEPILIEHCTBOBAHHUE CYILIECTBYIOIIUX
TEXHOJIOTMUECKHX pelieHni. Baxkneiimell cocrapnsromneit
OTMEYEHHOr'0 TI0 NIPaBY CUMTAETCS IPUMEHEHUE B MPAKTH-
KE [IMPOKOro CIIEKTPa COBPEMEHHBIX PEAareHTOB C Koary-

JIAPYIOLIMMH 1 (DIOKYJTPYIOIIMMH CBOMCTBAMH, UTO JAET
BO3MOKHOCTB 00ECTICUNTh BBICOKOE KaueCTBO OUYMILIEHHOM
BOJIbI HE3aBHCHMO OT €€ HCXOTHOTO 3arPsI3HEHNS.
[pobnema KauecTBEHHOTO BOJAOCHAOKEHHUSI KaK HUKO-
I aKTyaibHa 1 YKpauHsl. Kputrdeckoe nonoxeHue ¢
MIUTHEBOM BOJIOW MPAKTUYECKH BO BCEX PETMOHAX CTPaHbI
00YCJIOBIICHO BO3pAacTaHWEM CTENCHU 3arps3HEHHs MpH-
POIHBIX BOAHBIX HCTOYHMKOB MPOMBIIUICHHBIMA U OBITO-
BBIMH OTXOJaMH — TSDKEJIBIMHA METAJUIaMU, Pa3IMIHBIMH
COISIMH, He(TEIPOAYKTaMH, OPraHUYECKUMH COEIHHE-
HUAMU pa3HOM Npupomsl U npoucxoxaeHus. CoTHH 3a-
TPS3HUTENEN, C OIHOM CTOPOHBL, U YCTapeBIINE TEXHOMO-
TMH BOJIOOYMCTKU M BOJIOMOATOTOBKU C JPYToOH, — HBIHE
peanpHas cuTyaums. IlpakThdeckn Ha BCeX KPYIHBIX
CTAHIMSIX BOJOOYMCTKM KAueCTBO OYMIIIEHHOW BOIBI HE
COOTBETCTBYET JICHCTBYIOIIMM HOpPMATHBaM, a B HEOOIb-
IIMX HACEIEHHBIX IMyHKTaX YKpauHbI OYMCTKA CTOYHBIX
BOJI WM HE MPOBOAMTCSI BOOOIE, WM OCYLICCTBISETCS
KpaifHe HeyI0BJIETBOpHUTENNBHO. He myule curyanus u Ha
CTaHIIMSIX BOJOMOATOTOBKH. ACCOPTHMEHT HCIIONIB3YEMBIX
PeareHToB HaCUMTHIBACT BCErO HECKOJIBKO BEILECTB, 00Ia-
JAIOIMX KOAaryJUpYOIIMMH CBOKWCTBaMHM, YTO HE IMO3BO-
JSIeT afalTHpOBaTh CYIIECTBYIOUIME CUCTEMBI K pasind-
HbIM BomaMm. Kpome Toro, ciemyer yduThIBaTh, 4YTO B
OOJBIIMHCTBE CITyYaeB OFHOrO MPOLECcca KOaryJisiiyy He-
JOCTaTOYHO M U1l TIYOOKOTO yHaneHHs: TOHKOAMCIIEPC-
HBIX B3BELIEHHBIX BEILECTB M KOJIOMAHBIX 3arpsi3HEHUH
KOAryJsiHTBI IIPUMEHSTIOT BMecTe ¢ (uiokymsiHTaMH [ 1-7].
PezyneratoM  mmpokoMacITabHBIX — HCCIIEIOBAHUM,
MpOBEeNCHHBIX B MHCTUTYTE OMOOpraHMYecKOl XUMUH H
Heprexumin HAH Ykpaunsl, crana pazpaborka Heopra-
HMYECKHUX MpenapaTtoB OOIIEr0 TEXHHYECKOro Ha3BaHMS
“Cu3on”,  TIOKa3aBIIMX  CYIIECTBEHHBIE  TEXHUKO-
SKOHOMHMYECKHE TIPEHMYILIECTBA NEpe APYITUMH pearcH-
TaMH B NPOLIECCAX MOATOTOBKY IMUTHEBOM BOIBI, OUMCTKH
MPOMBIIUICHHBIX W TPOMBIIIEHHO-OBITOBBIX CTOYHBIX
BOJI, TIOTOTOBKHU BOJIBI ISl TEXHUYECKUX HYX1 [8, 9]. Uc-
TOJTb30BaHKE NpenaparoB Tuna “Cuzon” mo3BoMseT paspa-
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Jwanazon pH: / -1,5-2,5; 2 -2,5-3,5; 3 -3,5-4,5;
4 -4,5-6,0; 5 - 6,0-7,0; 6 - 7,0-8,5

Puc. 1. 3aBucuMoCTb BpeMEHH Tere00pa3oBaHst OT BEJIHH-
HbI pH pactBopa ¢ MaccoBoii gorneit SiO; 1,5 %

0aTbIBaTh M WCIONB30BaTh TEXHHYECKHE PEIICHHS, CIIO-
COOHBIE JIOTIOHATD CYIISCTBYIOLIME CHCTEMBI OUHCTKH, a
B HEKOTOPBIX CITydasX TOIHOCTHIO 3aMEHHUTH OMOIOoruye-
ckue MeToabl. OHM MHTEHCU(UIIMPYIOT pa3zieieHne Cyc-
TIEH3UH Ha TBEPIYIO U KUIKYIO (a3bl, YIydILIaroT Mmporec-
cbl (QWIBTpalMK W CeOUMEHTALMH. BIr3KkuM aHaiorom
CO3JIAHHBIX TIPETapaToB SIBISIETCS TAK Ha3blBaeMasl aKTu-
BHPOBaHHAsI KpeMHKeBast kucnora (AK), Harenas B cBoe
BpeMsl LIMPOKOE MPOMBIIIIEHHOE HCIOIB30BaHUE B CHC-
TeMax BoonoArotoBku [10]. OCHOBHBIM €€ HETOCTATKOM
SBISIETCST HEOOXOIMMOCTh HCIIONB30BAHMS HEMOCPEeCT-
BEHHO TI0CJIE M3TOTOBJICHHS, TIOCKOJIbKY M3-32 HeCTaOWIIb-
HoctH AK Tepsiia CBOIO aKTHBHOCTH B TEUEHHE HECKOIb-
KHUX YacoB.

Ham ymanocy crabmwmsupoBate AK (B wacTHOCTH,
Cy/Ib(aToM ATFOMHHHS) M JOBECTH CPOK XpaHEHHsS CO3-
JAHHBIX PEAreHTOB KaK MUHUMYM JI0 TPEX MECSIIIEB C TOM-
HBIM COXpaHEHHEM MX (DYHKIMOHAJIGHBIX BO3MOYKHOCTEHA.

Ipu pacrBopennu cynbhara aTIOMUHHS B BOJIE IIPOHC-
XOJIUT €T0 THJIPOIIH3:

AOH)?* + H,0 < AI(OH)? + H*
AOH)* + H20 < AfOH); + 3H*

AP 4 3H,0 < ANOH)s + 3H*

Crenenp ruapons3a BO3pacTaeT ¢ pa30aBIeHUEM pac-
TBOpA, MOBBIICHAEM €r0 TeMIIepaTypbl U BeIMIMHBI pH.
OcasknieHrie TUIPOOKICH alTFOMUHUA HaurHaercs ipy pH 3
u pocruraet nonHotel pu pH 7. B Gonee kucnoit cpene
TUZIPOOKHUCH AJIFOMUHUSL PACTBOPSAETCA:

ANOH)s + 3H < AP* + 3H0

Hcxomnblit pacTBOp KOaryJisiHTa TOTOBST TaKUM 0Opa-
30M, 4T00BI ero pH Obl1 MeHbIe pH, Mpy KOTOPOM HauH-
Haercsl oCaKACHNE THIpooKHcH amoMuHus. [Ipu BBene-
HHUY PEAreHTa B OYMIIAEMYIO CHCTEMY B pe3yJbTaTe €ro

Ppa30aBIICHHs PEATM3YIOTCS YCIIOBHS JUTs OBBIIeHUS pH 1
HavaJa Iporecca ruIpoin3a ¢ 00pa3oBaHHEM KOJUTOHHOW
TUJPOOKHCH QTFOMHHUSI, IMEIOIICH OrPOMHYIO aKTHBHYIO
TIOBEPXHOCTh, CIOCOOHYIO ~aJICOPOMPOBATh PA3INYHbIC
3arps3HEeHUs. YacTHuku 3001 KPEMHHEBOM KHUCIIOTHI SIB-
JISFOTCSL LICHTPAMH KOHJICHCALIMM KOAryJTMPYIOIX 30J1eH
TAIPOOKUCH ATTFOMHHHS M CIIOCOOCTBYIOT OoJiee OBICTpO-
MY pOCTy pa3mepa ux yactuil. Kpome Toro, mpucyrcTeue B
COCTaBe peareHTa 30J151 KPEMHHUEBOI KUCIIOTHI 00YCIIOBIH-
Baer 00pa3oBaHKE THAPOKCHA ATIFOMUHUS TIpU OoJIee HI3-
KUX 3HaueHusx pH.

C TOuKM 3peHus MHLEUISPHOM CTPYKTYpbl COCTaB-
JsoIMe peareHTa THna “Cuzon” MOMKHO TpECTaBHTH
CIICTYFOIIAM 00pa3oM:

HACTHIA
([ A{OER208F 3(n-g5 Q%) 32504~

PO

MHITETLTA

30116 ("IaCTI/I‘IKa) TMAPOKCHa altOMMHHMA B JTaHHOM
CIy4ac 3apsbKCH IMOJIOXKUTCIIBHO, a 30J1b (qacquKa) KpeMm-
HHEBOH KHCIIOTBI HECET OIpI/II_IaTeHBH]:If/i 3apsna:

HaACTHINA

Anpo

MHIEILIA

W3 omnmcaHHBIX B JMTEpaType METOIOB M3TOTOBIICHHUS
BOJHBIX 30JIe KPEMHHEBOW KHCIOTHI (IMau3, SIEKTPO-
JIU3, PacTBOPEHUE SIIEMEHTAPHOIO KPEMHHMS, B3aHMOJICH-
CTBHUE HEOPTaHWYECKOW KHUCIOTHI C CHUJIMKATOM HATpHS,
MeNTH3alMsl Teled TpH TOBBIIICHHBIX TeMIIepaTypax,
noHHbI oOMed [10, 11]) a1 momydeHns peareHTOB THIIA
“Cu30n” WCIIONB30BaH METOZI MOHHOro obOmeHa. Takoii
BBIOOp OOYCIIOBIIEH TPEXIIE BCETO OTHOCHTENBHOW IIPO-
CTOTOI O(OpMIICHHSI M KOHTPOJIS 32 MPOLIECCOM, JIOCTYII-
HOCTBIO KATHOHHO-OOMEHHOM CMOJIBI, €€ CIOCOOHOCTBIO
JIETKO BOCCTaHABJIMBATH CBOM CBOMCTBA IMPH PEreHeparyu,
OTCYTCTBUEM OTXOJIOB.

Kak okazanoch, cTabUIIBHOCT TOMYYeHHBIX 00pa3ioB
KpOoMe 4eTKOro KOHTpoisi BeinumHbl pH ompenensiercs
YCIIOBUSIMH TIPUTOTOBJICHHUSI PacTBOpa CUJIMKATA HATPHUS C
BBIOPAHHOM KOHIIGHTpAIMEH 10 JUOKCUIY KPEMHUS, YC-
JIOBUSIMU TIOTyYEHHSI KPEMHHEBOW KHUCIIOTHI U BPEMEHH ee
BBIIEPYKUBAHUSI TIEPEl CMEILICHHUEM C CYIb(haToM aJIFOMH-
HUSI, HAJIMYMEM B PAcTBOPE OCTaTOYHBIX MOHOB HATPHS,
COOTHOILICHHEM B KOHEYHOM IPOAYKTE IMOKCHIIOB KpeM-
HUS ¥ &TFOMUHHIS.

Puc. 1 wimroctpupyer IMHAMUKY W3MEHEHUS] BPEMEH!
resieo0pa3oBaHs pacTBopa ¢ MaccoBoi fomei 1,5 % SiO,.
OueBuHO, uTO ¢ pocToM pH CTaOMIBHOCTH 30751 KpeM-
HHEBOM KUCIIOTBI CHIDKAETCH, T. €. TIPOLIECC Teeo0pa3oBa-
HUS B TIPEIIeNax OTHON KOHIIEHTPALMK JMOKCH A KPEMHUST
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Bpewmst Havasa reieo6pa3oBanusi, CyT
D
(=]

1 2 3 4 5 6 7 8 9 10
Juanazon pH

Puc. 2. 3aBrcrMocTs BpeMEHH Te1e00pa3oBaHst OT BEJIHYH-
HEI pH pactBopa ¢ MaccoBoit goneit SiO,, %: 2,5 (psn 2), 4,0 (psin
3), 5,0 (psam 4), 6,0 (psan 5). Uarepsan pH must: 1 —1,5-2,5; 2 —2,5-
3,5,3-3,545;4—-4,5-5,5;,5-6,57,0; 6 — 7,0-7,5 (pan 2); 1 —
1,5-2,5;2-2,5-3,5; 3 — 3,5-4,0; 4 —4,5-5,0; 5 —5,5-7,0 (psin 3); 1
-1,5-2,5;2-2,5-3,5;3-3,54,5;4—-4,5-50 (psn 4); | —1,5-2,5;
2-2,5-3,5 (pan 5)

CWJIBHO 3aBHCHT OT BermunHbl pH cucrembl. He menee
BaKHBIM (DAKTOPOM, BIIMSFOLIMM Ha TIpoLiecc Treseodpaso-
BaHWs, SIBJAETCA COZIEpyKaHUE AMOKCUIIA KPEMHUS B pac-
TBOpeE (puc. 2). C ero yBenmyeHneM BpeMs resieo0pa3oBa-
HHS COKpaIlaeTcsl U, Harpumep, pu coxepxkannu 6,0 %
SiO,, monHoe reneodpa3oBaHie HACTYACT AAKE B UHTEP-
Basie pH 1,5-2,5 % yxe depe3 10 cyr, a npu pH 2,5-3,5
cuctema uepes 24 4 TepsieT CBOM (PYHKIMOHAIBHBIE CBOM-
CTBa.

[puBeneHHbIC BbIIIE PE3yAbTATHI TIOTYUYEHBI TIPU BbI-
JCP’KUBAHUM HCCIEAyeMbIX 00pasloB IMPH TeMIIEpaType
20-25 °C. VuutbBas 4pe3BbIYAHYIO0 YyBCTBUTEIHLHOCTD
paccMaTprUBaeMbIX CHCTEM K BHEIIHMM BO3JCHCTBUM,
CcIIeyeT OKHMJaTh OTKIMKA Ha W3MEHEHHE TEMIIEpaTypHO-
ro ¢akropa. Ha puc. 3 u300paxkeHbl 3aBUCUMOCTH H3Me-
HEHMS BPEMCEHH Teieo0pa3oBaHus (CYTKH) O0pasiioB ¢
Pa3HBIM CoZEpKaHWEM IMOKCHIA KpeMHusl (mHTepBai pH
1,5-2,5) ot Temneparypsl xpaHenus. BumHo, uro Hanbornee
“KoM(OPTHBIMH™ YCTIOBUSMHU ISl XPaHEHHsI TIOydaeMbIX
00pa31oB sBISIOTC HU3KUE Temieparypsl. [Ipu 6-9 °C u

Tabmuma 1. Biansinme mopsitka CMeIIEHUs1 COCTABJISIIO-
LIMX peareHTa Ha ero 3(pGpeKTMBHOCTH

200 r
180 -
160
140 -
120
100 -
80
60 -
40 -
20 -

Bpemst Hauana reneo0pa3oBaHus, CyTKH

1 2 3 4 5 6
MaccoBast 10151 AMOKCHIa KpeMHus, %

Puc. 3. V3meHenne BpeMeHH TeneoOpa3oBaHUs (CYTKH)
00pa3LoB ¢ pasHBIM COZICPKAHUEM JMOKCHIA KPeMHHs (HH-
tepsan pH 1,5-2,5) ot Temneparyps! xpanenus, °C: 6-8 — (1);
30-(2);35-(3)

conepKaHnK MOKcua kpemuus 1,5-2,5 % oOpasie xpa-
HSTCA M HE TEPSIOT CBOE akTWBHOCTH B TeueHue 180 cyT.
C yBemmuenneM copepkanus SiO, CTaOMITBHOCTh pearcH-
TOB YXy/UIAETCs, OHAKO OHHM OCTAIOTCS TOCTATOYHO aK-
THBHBIMU OoJiee 2 Helelb ¢ MOMEHTA M3TOTOBIICHHS JaKe
npu conepkanny Si0, 6 %. C MOBBIIEHNEM TeMIIepaTy-
pbI BpeMs Hayayia Teieo0pa3oBaHKs COKpaIaeTcsl Kak ¢
W3MEHEHUEM COIEp)KaHMs JMOKCHIA KPEMHHS, TaK W B
npeziesiax OIHON M TOH e ero KOHLEHTpayd. JTOT (aKT
Ype3BbIYAHO BaXKEH C MPAKTHUECKON TOUKH 3pEeHHs, T0-
CKOJIbKY COBMECTHO C KOHLICHTPALIIOHHBIM TTapaMeTpoOM U
ONTHMAILHBIM 3HaYeHHeM pH Mo3BojIsieT pemars BOmpo-
ChbI XpaHEeHHUsI U TPaHCTIOPTUPOBKU TAKHX PacTBOPOB, PEry-
JIMPOBaTh TMPOLECC TOTYyYeHHsT KOHEYHOTO MPOMYKTBI U
YCIIOBHS €T'0 UCTIOTb30BaHNSL.

Kpome Toro, kak oka3anoch, BaKHBIM TEXHOJIOIHYe-
CKUM TTapaMeTpoM JIIs1 TTOMy4eHHsI ONTUMAJIEHOTO peareH-
Ta SIBJIIOTCS TOPSAOK M CKOPOCTh CMEILIEHHS €r0 COCTaB-
mstorux (tadmn. 1, 2). 3xeck u manee 3hPEKTUBHOCTH T10-
Jy4EeHHBIX 00pa3LOB OLECHUBAIM TI0 CTETIEHN W3BJICUCHHUS
TSDKEITBIX METAVIOB — ME/IH, JKele3a, MapraHiia, CBUHIIA, a
TaloKe Maraus, THApokapOoHaTa, oprodocdata 1 IPYrux,
HCTIONb3Y MOZACITBHBIE CUCTEMBL.

Tabnuna 2. BausiHue cKOpPOCTH CMEIIeHUs COCTABJISIONIMX
peareHTa Ha ero 3G ¢{eKTHBHOCTD

Topsimox Hoza CreneHpb U3BJICUEHUS
CMEILIEHHS] | pearexTa, 3arpsisHEHuUi, %o
M]'I/l 00 MI Fe}+ Cu2+ an+ Pb2+
Bapuanr 1 0,2 68 78 34 43
0,3 80 99 49 67
Bapuant 2 0,2 12 21 17 19
0,3 16 25 21 25
Tpumeuanue. VICTIONB30BaH pEAreHT C  COOTHOLICHUEM

Si0; : ALO;=1,5:0,76.

CkopocTb Hoza CreneHpb U3BJICUEHUS
CMeILIEHHS], peareHTa, 3arpsisHEHui, %o
06/MuH /100 mn | Fe | Cu”” [ Mn™ | Pb™
5 0,5 84 98 91 73
30 0,5 80 96 92 70
60 0,5 65 57 59 24
Ipumeyanue. VICIONB30BaH pEareHT C  COOTHOLICHHEM

Si0; : ALO;=1,5:0,76.
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Crenenb ynanenus xenesa (I11), %

0 1 1 1 1 1 J

0,0 0.5 1,0 15 2,0 2.5 30
[o3a pearenra, % Al,O,

Puc. 4. 3aBucumocth crenieHn m3BnedeHus xennesa(lll) m
MOJIEJIBHBIX PACTBOPOB OT J103bI peareHToB Tumna “Cizor” npu
pasaeix cootHomreHmsx SiO/ALO;: 1,5/0,38 — (1); 2,5/0,38 —
(2); 5,000,38—(3)

Takoii BIOOp 0OYCITIOBIEH B TIEPBYIO OdYepedb TEM, YTO
MHOTHE CTOYHBIC BOZIBI COZIEPYKAT B 3HAUMTENBHBIX KOMH-
YecTBax UMEHHO 3TH 3arps3HeHus. CTOKU B OOJBIIMHCTBE
CBOEM SIBIIIIOTCA CYCIICH3WSIMH, TI03TOMY B MOJEIIBHEIC
PacTBOPBI JOOABISUTM 3aMYTHUTEIL (OCHTOHUTOBYIO TJIH-
Hy) 13 pacuera 1 r/mv’. AHamiTHIecKuit KOHTPOIb ddbek-
THBHOCTH OYWCTKH TPOBOIMIIM, HCIIONB3Ysl HM3BECTHBIC
Meromuku [12].

Kak crnemyer u3 maHHBIX, IPUBEICHHBIX B Ta0m. 1, mo-
PSIOK CMEIICHHSI COCTABJISIIOIIMX pearcHTa Urpaer 4pes-
BBIYAITHO BOYKHYIO POJIb M Pa3HUIIA MEXKTy BApUaHTaMH | 1
2 pazutenbHas. VIMEIoT MecTo U OrpaHMYeHUs IO CKOpO-
CTH CMEIICHHUS NCXOJHBIX KOMIIOHEHT (Ta0u. 2), a MaKcu-
MaJlbHas CTEIICHb M3BJICYCHHS 3arpsi3HEHNI HaOMoaaeTest
NpH HaUMEHBLICH CKOPOCTH IIEPEMEIIMBAHUS COCTaB-
msorx. OObsICHEHNE HaOFOaeMON 3aBUCUMOCTH 3(h-
(DEKTUBHOCTH PEAreHTOB OT MOPSIKA CMELICHUS COCTaB-
JSIONIMX UX PEAreHTOB U OT CKOPOCTH CMEIICHHS KPEM-
HHEBOM KUCIOTHI U CyAb(aTa alFOMAHUS CIIEAyeT UCKATh,
Ha Hall B3IV, B ()OPMUPOBAHMM MULIEIUTIPHBIX CTPYK-
Typ. Jpyrumu crnoBamu, 11 GOpMUpPOBaHKS CTAOMIBHON
1 3(]eKTHBHON cHCTEMBI HEOOXOIMMO BBIIEPKATh YCIIO-
BUs 00pa3oBaHMsl KaK MOYKHO OOJIBILEro KOJIMYecTBa yc-
TOMYMBBIX MULEI. HapyleHne mo Kakum-To IpUYrHaM
TaKOM YCTOMYMBOCTH U OyIET BBIPAKEHO B KOArYIUPYIO-
11el CrocoOHOCTH peareHTa.

BaxHpIM TapameTpoM TNpH OLEHKE 3((EeKTHBHOCTH
TOrO WJIM MHOT'O KOAryJIsIHTA SIBJISETCSl, €CTECTBEHHO, M €TI0
n03a. DTO XOpOIIO BUIHO Ha puc. 4, Ha KOTOPOM MpHBEIe-
HO W3MeHeHue crerenn u3piedenus xeneza(lll) u3 mo-
JENBHOTO PacTBOpa ¢ M3MEHEHHMEM JI03bl PEareHTOB THIIa
“Cmson”. VI3 mpencTaBiIeHHBIX 3aBUCHMOCTEN CIIETyIOT
7IBa BaKHBIX BbIBoAA. CHIbKeHHe 3(h(EKTHBHOCTH peareH-
Ta C TOBBILICHHEM COICPKaHMS TMOKCUIA KPEMHHS CBH-
JETENIECTBYET O CYIIECTBOBAHUM HEKOTOPOTO ONTUMAIIb-
HOIO COOTHOILICHUSI B peareHTe ABYX OKCHIOB. JTO IMOA-

Crenens ynanenus sxenesa (111), %
N
W
T

1 2 3 4
MaccoBas 10 OKCUJIa aTIOMHHUSA, %o

Puc. 5. Biusinue conepxanust aTIOMUHMS B PEAreHTax Ha
nx 3¢ QeKTUBHOCTH B Tporiecce yaanerns sxerne3a(11l)

TBEPKAAIOT U JaHHBIE TaoL. 3.

Kak mokazana nampHeiimas npakTika paboOThl ¢ pea-
rearamu thna “Cuzoinr’, JeHCTBUTEIBHO MMEET MECTO He-
KOTOpOE ONTUMAIBHOE COOTHOILIEHHUE IBYX OKCHIIOB, MpH-
YeM C TIOBBIIIEHMEM HX COIEPYKaHWUSA 3TO COOTHOIIEHHE
JOIDKHO COXPAHATHCS, T. €. COCTaB pearcHTa JOIDKEH W3-
MEHSTBCS TIPOMOPLIMOHATIBHO CONEPKAHUIO OKCHIOB TpH
VX ONTUMAJIBHOM COOTHOIIEHHWH. M BTOpoe, cyiiecTByeT
HEKOTOpasl ONTHMAaJIbHAs J103a PeareHTa, U3MEHEHNE KOTO-
POl B CTOPOHY YBEIMYEHHUS HELleaecooOpasHo, YTO MO~
TBEPKJIAET X0/ KpUBBIX Ha puc. 4. IIpu 3TOM H3MeHeHne
COIEp)KaHMs aTIOMUHMS MPAKTUYECKH HE BIMSET HA 3(¢-
(hEKTUBHOCTB PEareHToB (puc. 5).

[lepBoe mpakTHyecKoe UCHOMb30BAaHUE PEAreHT TUIA
“Cuzon” Halen IpHu MPOBEIECHUH €r0 ONBITHO-MPOMBIII-
JIEHHBIX MCIIBITAHWN Ha SKCIUTYaTallMOHHOM Y4YacTKE BO-
JOMPOBOAHO-KaHAJIM3ALIMOHHOTO X03s1iicTBa B T. borycnas
Kueckoii 00m1. B napHelitemM ombIT paboThl ¢ peareHTa-
Mu Tna “Cr3oi’” MOATBEPIAMIT HX BBICOKYIO 3(D(EKTHB-
HOCTb TIPY OUHCTKE HE TONBKO MUTHEBOM, HO M CTOYHBIX
BOJI Pa3HOH NIPUPOJBL:

— TpennpuATAil HedTenepepadaThIBAIOIICH TPOMBIII-
nerHocty [13];

— TMPEANpUSTHN LEUTIONO3HO-OYMaKHOW TTPOMBIII-
JIEHHOCTY;

— CTOYHBIX BOJI, COZIEp KaILMX KpaCsIIHe U AyOHIbHbIC
BEILECTBA;

— CTOYHBIX BOJI TOPHO-000TaTUTENEHBIX KOMOMHATOB;

— IIPEANPUATHI MUILEBOIN TPOMBIIIIEHHOCTH;

— (bMIIBTPATOB CBAJIOK TBEPABIX OBITOBBIX OTXOMOB [ 14,
15];

— PaaMOaKTHBHBIX CTOYHBIX BOI OObekTa ““YKpbITHE”
[16-21].

AHa3 NOTY4EHHBIX pe3yJIbTaToOB PHUBENT K BHIBOLY O
TOM, YTO IPABUJIBHOE HCIOJB30BAHME TAKMX PEarcHTOB
obecrieurBaer CiemyIoIKe IPEeUMYIIIECTBA:
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Tabnuna 3. 3aBHCMMOCTD CTeNeHH M3BJIeYeHHs] PAJINYHBIX 3arPsIBHEHHI U3 MOJIeJTHHBIX PACTBOPOB OT A03bI PeareHTOB THIIA

“Cuzon” nipu pasHbix cootHomeHusix Si0, : ALO;

No CootHomienne | Jlo3a pearenra mo CreneHb U3BJICUEHUS 3arps3HeHUH, %o
/i Si0, : ALO; | ALOs, Mr/0,1 ;v | Fe'' Cu™ Mn”™ Pb” SO,  NO; PO,
1 1,5:0,76 0,76 45 41 34 21 26 10 4
1,52 68 78 49 43 43 31 14
2,28 80 99 88 67 57 67 37
3,80 81 100 92 70 89 70 51
2 2,5:0,76 0,76 43 42 30 23 29 16 8
1,52 64 75 46 41 48 33 19
2,28 83 96 90 65 59 69 44
3,80 84 98 91 73 92 74 57
3 4,0:0,76 0,76 23 37 27 12 26 18 7
1,52 29 75 39 16 51 37 18
4 5,0:0,76 0,76 21 36 25 10 27 16 8
1,52 32 71 37 12 50 35 17

— YBEJIMYMBAETCSI TUIOTHOCTD CKOAryJIMPOBAHHOM CyC-
TIEH3UH, YCKOPSIETCS MPOLIECC XJIOMbeoOpa3oBaHys;

— BO3pacTaer rIyOMHa OYMCTKH BOJIBI 32 CUET JTyHULIEro
yIaJICHUs B OCaJIOK TIPUMECeH, TSHKENO YAaIIeMbIX TPajIH-
LMOHHBIMH KOAr'yJISTHTAMI;

— HWCKITFOYaeTcsi HeoOXOIMMOCTh BBEICHHS TMOJILIENa-
YUBAIOLIMX PaCTBOPOB;

— pacumpsiercs 00acTb ONTUMAIBHBIX 3HaueHui pH;

— CYILIECTBEHHO YJIy4LIAETCs MPOLIECC OYMCTKI BOABI B
XOJIOJIHOE BpeMsI Tofia.

B zaBucrMocTH OT TpUPOABI XO3SHCTBEHHO-OBITOBBIX
W IPYIUX CTOYHBIX BOJI, & TAKKe KOHIIEHTPALIMH 3arpsi3He-
HUM 11032 ONTHUMAIBHOTO peareHTa cocrapisier 20-125
MI/ZIM’ [0 CyXOMY BEILECTBY IPH Y/IANICHHH, %: HUTPATOB
— 60-70; docdaroB — 45-50; xeneza — 75-80; xpoma —
44-45; memu — 85—100; mapranma — 90-92; ceuHna — 65—
70. Ero ncrions30BaHHE HA OYMCTHBIX COOPY)KEHHUSIX I10-
3BOJSIET BBIAEPKMBATh HOPMBI COpOca IO B3BEIICHHBIM
BerectBaM 10 510 mr/mv’, o BIIK,, mpu HauaibHoi
Bermunse 100 — 10 20 Mr/M’, MEKPOGHOE YHCIIO YMEHb-
I1AETCS BIBOE.

Takum 00pa3zoM, MPOBEACHHBIEC MCCIEIOBAHUS MO3BO-
JIWIA ONTHMH3UPOBATH IO Pa3HBIM MapaMeTpaM YCIOBHUS
TIOITy4YeHHUs] KPEMHHEBOM KHCIOTBL. B pesynbrate co3nman
YHUKATBHBIN 110 CBOMM CBOMCTBAaM HEOPraHWYECKHI Koa-
TyJIHT-QIOKYISHT Thna “CH305”, TPOSBUBILINIA BEICOKYIO
3(heKTUBHOCTH MPH MOATOTOBKE MUTHEBOKX BOMBI U OUH-
CTKE BBICOKOTOKCHYHBIX CTOYHBIX NPOMBIILICHHBIX BOJ
Pa3IMYHOrO MPOUCXOXKACHHS.
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HoBuii BUCOKOe(EeKTUBHUI peareHT
JIJI51 OYMIIICHHA BOJAHMX CHCTEM Pi3HOI PUPOIH

B.U. Kawixoscvkuit, B.B. Botuinosecorkuit

Inecmumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 02160 Kuis, eyn. Xapxiscoke wioce, 50, men.: 559-20-71

CTaTTIo IPUCBSYEHO HOBOMY BHCOKOG(EKTHBHOMY PEareHTy (TexHiuHa Ha3Ba “Cuson’), mpu3Ha-
YEHOMY JUTsl OUMIIICHHSI BOIHUX CHCTEM pi3HOI pHpoy. PeareHT € BOIHIM PO3YMHOM KpEMHi€-
BOI KHCJIOTH, CTaOLTI30BaHOI CYIb(aTOM ATIOMIHIIO. 3HAHICHO OCHOBHI ITapaMeTpH, SIKi BU3HAYa-
FOTh CTAOUTHHICTH Ta €)CKTUBHICT PEarcHTy PH OYUIICHHI MOJICITEHHX CUCTEM.

New high-performance reagent
for water purification systems of different nature

V.I. Kashkovsky, V.V. Voinovsky

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
1, Murmanskaya Str., Kyiv 02094, Ukraine, Tel.: (044) 559-20-71

The article is dedicated to the new high-performance reagent (technical name “Sizol”) intended for
the water purification systems of different nature. The reagent is a water solution of silicic acid, sta-
bilized with aluminum sulfate. The main parameters determining the stability and efficiency of re-
agent for the water purification systems are found. Its appears that the stability of obtained samples
is monitored by the following parameters: the value pH, the preparation conditions of sodium sili-
cate solution with a selected concentration of silica, the conditions of silicic acid production, the
time of keeping the silica with aluminum sulfate prior to blending, the presence of residual sodium
ions in the solution, the ratio of silicon dioxide and aluminum in the final product. Consequently,
the inorganic coagulant — flocculant of “Sizol” type has been created. It is unique by its properties
as a reagent and it is shows a high efficiency for the preparation of potable water (drinkable) and for
purification of highly toxic waste water fields of different nature.
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IIpouecc nmosyyenust Ma3u TeoOOHA-TUTHOMMKOIHA/IA
KaK 00beKT aBTOMATHYECKOI0 YIIPABJICHUS

JLH. HIxapanyma, J1.A. Tuwenko, JI.A. Illeguenxo, A.M. Manoiino

HUrnemumym buoopeanuueckoii xumuu u vegpmexumuu HAH Ykpaunwi,
Yrpauna, 02094 Kues, yn. Mypmanckas, 1, ¢paxce: (044) 559-98-00

HcenenoBanbl rHapoMHaMAYECKe YCIOBHS TpY TOMydeHnH Masu TeoboHa-mrromukormna (MT/T),
TIOJTy4EeHBI OLIEHKU BPEMEHH JIOCTIDKEHHS! 331laHHOTO YPOBHSI OTHOPOTHOCTH CYCTICH3MH, TPOAHATH-
3UPOBAHO COOTHOIICHHE CKOPOCTH CeNapaliiy YacTHII TTO/T BIUSHUEM CHJ TSDKECTH M TypOYIIeHTHOM
1mp¢y3un. HalineHa oneHka BpeMeHH, He0OXOMMOTro JUTsl ANCIIEPTUPOBAHMST MICXOJHBIX YacTHI] JI0
pa3mepa, 0OecIeYHBarOIIEro TPEOOBAHMST OAHOPOAHOCTH Masu. Paspaborana asiekBaTHast MaTeMaTH-
YecKasi MOZIeNb PpeakTopa romydenust M1/, npoaHaM3UpOBaHa TapaMeTprecKast TyBCTBUTEIEHOCTD
Tporiecca K M3MEHEHHIO OCHOBHBIX YHPABJIIIOIMX TapaMeTpoB. [IpeioxkeHs! crcTeMbl aBTOMATH-
YECKOro PEryIMpoOBaHUs POLIECCOM, OLPEIEIEHb] IEPeJAaTOUHbIE (PYHKIMK €€ JIEMEHTOB, JETAIHO
HCCIIeZIOBAaHA YCTOMYMBOCTH B IIMPOKOM JIHAIa30HE HACTPOEK IMPONOPLMOHATLHO—MHTETPATHEHOTO
perymnsTopa. BbIsBiIeHHBIE 3aKOHOMEPHOCTH TO3BOJIIIOT PEIINTh 33/1aUl YIPaBICHHS ¥ MacIITaOu-

poBanus py nosrydeHud MT]T,

[poGnema rprOKOBBIX 3a00eBaHUI MPHOOpENa yrpo-
KaIOUMKA  Xapakrep Uisi OOJBIIMHCTBA EBPOMEHCKUX
CTpaH, B TOM 4uciie U sl Ykpaunsl. [1o pe3ynbratam He-
JIABHUX OOCIIEOBAaHMI YWCIIO CTpaJaloliX MHKO3aMH B
VYxpaune cocrapiser 3040 %, a a1 OTAEIbHBIX KaTero-
puii rpaxxaan nocturaer 80-90 %. K pocry 3aboneBanmit
NPUBOUT CHIDKEHHE MMMYHUTETa, BhI3BaHHOE HeOnaro-
TPHUSTHBIMU YCIIOBHSMHU OKPY>KaIOIIeH cpefibl, B TOM YHC-
ne aBapueil Ha YepHoObutsckoii ADC. Ilo oneHkam mep-
MAaTOBEHEPOIOrOB IOTPEOHOCTh YKpanHbl B aHTUMUKOTH-
Kax cocraBisier 7—10 MiH TyO B To1, 32 BCEO UCTOPHIO Y K-
ParHbBI 3aperrcTprpoBaHo dyTh Oonee 300 mpoTHBOTPHO-
KOBBIX NPENapaToB, W JIMILb JABA OPUTMHAIBHBIX YKpauH-
ckux. B ux umcne paspadorannsiii MIBOHX HAH Ykpau-
HBI coBMecTHO ¢ HMY mm. A.A. Boromornsiia Ha Oaze N-
(1,1-m1oxcorronan-3-mwn)auTrokapoamara Kamusi TeoOoH-
murnomukoryn (T/T) [1]. TIpsmoe comocTaBneHre pesyiib-
TAaTOB KJIMHWUYECKUX HCHBbITaHWi Kiotpumaszona (omHOro
13 HauboJiee pacpoCTpaHEHHBIX B MUPE aHTUMUKOTHKOB)
u T]I craTuctiyuecku JOCTOBEPHO CBUAETEILCTBYET O SIB-
HOM TPEBOCXOZICTBE OPUTMHAIBHOTO YKPAWHCKOTO Iperia-
paTta: cpenHee BpeMs JiedeHHs yMeHbIaeTcs Ha 29 %, ad-
(hekTHBHOCTB M3MeHsieTest oT 2,15 no 1,32 Gamia, nepeHo-
cumocth — ot 1,87 mo 1,09 Gamma (16amut — HauBbICIIIAs
oreHka). TeoOOH-TUTHOMHKOLMA B BHUAE CYyOCTaHLIMU U
Maszu T/I 3aperucrpupoBan MunzapaBom YkpauHsl. Bcee
9TO JIENAET aKTyaIbHBIM MCCIIEIOBAHNE 3aKOHOMEPHOCTEN
niportecca nomydenust masu T/ (MT/]), B Tom umcre u kak
00beKTa aBTOMAaTHYECKOr0 YIPaBIICHHSL.

enTpamsHbeIM 3IIEMEHTOM Tporiecca nomydeHus MT/]
SIBISIETCSL y3€/1 CMEILEHHUSI CyOCTaHIIMKA U OCHOBBI, BKIIFO-
YalOlMI PeaKTop-CMECUTENb W JIE3UHTErparop, puc. 1.
KiroueBbIM siBiIsIETCST BOIPOC O BO3MOXKHOCTU O0ecreye-

HUSL y3JIOM CMEIICHUS 3a]JTAHHON OHOPOIHOCTH MasH, CO-
JIepXKaHus SUCTBYIOIIETO BellecTBa B mpeaenax 4,5-5,5
%. OleHKa CTEIeHN HEOMHOPOMHOCTH PaCHPEIeTCHUS
CYCIICH3UH TIO BBICOTE ammapara ObUia cjeliaHa, UCXOMS U3
TMOCHUIKH, YTO CMEIICHUE ITPOBOIAT TIPH TEMIIEpaType ¢ =
= 60 °C; nuHamMHu4ecKasi BA3KOCTb CMECH COCTaBISET Ll =
= 1,453-10 "'exp(6948,44/333) = 0,01676 Tla-c; ee mior-
HOcTh cMecH p. = 20/(1/pgt+19/(889,25 — 0,9805¢)) = 851
KI/M’; SKBHBAJICHTHbBIC JIMAMETPhI YaCTHI] CYCIICH3UH JI0 U

I
nocine mMenbuenns d, =232 MkM u d. =8 MKM,

COOTBETCTBEHHO; auaMerp ammapata D = 0,5 M, BbIcOTa
ero zarmonaenus H = 0,24 M; OBEPXHOCTh TEIII00OMEHa
(pu oTcyTCTBHM MepeMenmBanys) — 0,634 M. Anmapar
ocHaIIeH AKOpHOH (ds = 0,41 M, ng = 1c'') u 3aKpbITOit
TypOunHOI Memmankamu (dr = 0,125m, nr= 30 c‘l). Hcxoma
13 PeKOMEH Al paboThI [2], CpeIHsIs CKOPOCTh MTOTOKA B
MEIIAJIKE COCTABIIACT:

Puc. 1. [TpuHipvanbHas cxeMa NoydeHus Masu:
P — peakrop-cmecurens; D — nesunterpatop
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V = 4,35nd 3 S
"o

e Z, — YHCIIO MEIIAJIOK; &, — CONPOTUBIICHUE MEIIIAJIKH,
&1 = 12, & =84, I' = Did; I'y = 0504 = 1,22;
It =0,5/0,125 = 4; @ — mapaMeTp BBICOTHI 3aIIOTHEHUS,
©=4H/D+1=292.

Takim 00pazoMm, Iy1st SIKOPHOM MEIANKA

V,=4,35-1-0,41-3 12# =1,161 m/c,
1,227-2,92

UL TYPOWHHOM —

%2’49'2 ~9,21 wk.

b

V. =4,35-30-0,1253

Halinennble ckopoCTH MOTOKOB TO3BONMIM OLICHUTH
BpeMsl JIOCTHKEHHS OMPENEICHHOW CTENEeHH OJHOPOIHO-
CTH (BpeMEHH TOMOTEHH3alliH) 110 U3BECTHOMY [3] coort-
HOILICHHIO

t,=Fo(H* + D?)/ Dy,

IJe T — CTeleHb OJHOPONHOCTH CMECH B Ppeakrope-
CMECUTelIe 4Yepe3 T CEeKyHA OT Hayajga CMEIICHHs,
N = C/Cq; C; — n0oKaIbHOE 3HaYeHHE KOHLEHTPALHU Cy0-
CTaHLIMM 4Yepe3 T CEeKyHJ OT HaJaia IepeMelINBaHHs,
Kr/kr; Cg — CpefiHee 3HaueHUe KOHLEHTpaluu CyOCTaH-
i, Co, = M/m xr/xr; M — Macca 3arpyKEHHOTO JeHCT-
BYIOILIErO BEILECTBA, KT 7 — O0ILasi Macca cMecH, Kr; Fo —
gncno Dypse, Fo = —0,8In(1-n); D, — kodbduiment typ-
GYIIEHTHOTO TIepeHoca M7/CeK, B HalleM ciydae Dy =
= 0,1VD. JIna sxopHoit Memanku Dg, 5 = 0,1-1,161-0,5 =
0,058 m’/c, mis TypbunHolt — Do, t = 0,1:9,21-0,5 = 0,460
M*/c. TakuM 0GpasoM, TIPH YCIIOBHH HCTIONb30BAHHSI TOMb-
KO SIKOPHOM MeIIaIKi BpPeMS! TOMOI€HH3AIMH COCTABUT
To90=—0,8In(1-0,99)(0,24* + 0,5%/0,058 = 19,5 ¢, npu nc-
TIONTb30BaHNK TYPOMHHON — Tgg9 = 2,5 C. VIHBIMU ClTOBaMH,
MEIIAIKH, KOTOPBIMU OCHAIIIEH PeaKTOp-CMECHTENb, 00ec-
MEYNBAIOT TPAKTHYECKH MTHOBEHHYIO TOMOTCHH3ALAIO
cMecH CyOCTaHLHS—OCHOBA.

OrtoT BBIBOA OBUT MONTBEP)KACH U B XOJIE pacyeTa He-
OIHOPOIHOCTH PACHpPEIEICHUs CYCIIEH3UH 110 BBICOTE pe-
axropa-cmecutens. Kpurepuii [lexne (Pe = WH/0,1VD),
OTPaKAIOIIMI COOTHOLICHHE CKOPOCTEH cemapalyy Jac-
THI TIOJT BIIMSTHUEM CHJTBI TSDKECTH U MX TIEPEHOCA 32 CUYET
TypOyneHTHOH whpy3uH, MO3BOISAET OICHUTH CTCICHb
HeoqHOPOIHOCTU (AC = (Crax — Ciin)/ Cep), UCIIONB3YS CO-
otHomeaue AC = 1 — exp(—Pe). Okazaock, 4To B 3aBUCH-
MOCTH OT JMaMeTpa YacTWll, CKOPOCTH MX OCaKICHHSI,
CpeiHel CKOpOCTH MOToKa B Memanke 5,68-107 < Pe <
3,810, JIpyrumMu cloBaMH, JaKe TPH MAKCHMAIBHOM
sHayennn kputepust [lekne AC = 1 — exp(—0,0038) cre-
MeHb HEOJHOPOAHOCTH TMPAaKTUYeCKd paBHA HymoO. EcTb
BCEC OCHOBAHUSI YTBEPK/aTh, UTO B CITy4ac MepeMeIInBa-
HHS1 TOIIBKO OZIHOW MEIIATIKOW B ammapare 00ecriedMBaeTesl
OIHOPOIHOCTD PacCHpeAeICH s COACPKaHNs CyOCTaHIIUN B
MT/I. Takum 06pa3oM, poib AMCIEPTHPYIOIEro YCTPOii-
crBa “@apmarpon-3000" cBOAMTCS TJIABHBIM 00Opa3oM K

JPOOJICHUIO YaCTHUIl CyOCTAHIMH 0 Pa3MEpoB, YIOBIIC-
TBOPSIIOLIMX TPEOOBAHHUSM OAHOPOIHOCTH B COOTBETCTBHU
¢ yrBepxkaeHHbIMA MO3 YKpauHbsl METOAAMU KOHTPOJIS
kauectBa [4] MT /L.

AHaIM3 TIOMYYeHUsI Ma3d TO3BONHII OLCHUTH BpPEMS,
HEeoOX0AMMOE /1Sl U3MENBUYEHUS B AC3UHTETPaTOpe YaCTHUI]
CyOCTaHIIMH JI0 33JJTAHHOTO pa3Mepa.

[TycTh B MOMEHT T; CMECh COHEPXKUT 7 YaCTHI] CyO-
cranrmn. VIx xonnenTparus oyaer C; = ny/m. B MOMeHT T,
3a cYeT M3MENIBYCHHS KOJMYECTBO YACTHUEK BBIPACTET 10
Ny ¥ UX KOHIIEHTpaIwsi coctaBut C, = ny/m. [lonoxum, 9ato
CpemHsisl KOHLICHTPALYS YacTHL] B PeakTOpe-CMECHTENE 32
OECKOHEYHO MaJIbIid MPOMEKYTOK BPEMEHH AT = T,—T; CO-
crasut (C) + (;)/2. Taxum 06pa3om, 3a MPOMEKYTOK Bpe-
MeHU AT B PeakTOp MOCHe JE3UHTErparopa ¢ pacxoaoM g
kr/c moctyrmut gAt(Cy + C,)/2 dactuu. OHH H3MEHST CO-
nepkanue vyactur] B peakrope Ha m(C, — C)), T.e. mMeer
Mecto paBeHcTBO m(C, — C)) = gAt(Cy + C,)/2. Paznenus
MIOTyYeHHOE BBIPOKCHHE Ha AT MOCIE HaXOXKICHUS TIpe-
nena cootHomeHus ipu At — 0 monyurm dC/dt=gC/2m.
[MpouHTerprpoBaB MOMy4EHHOE PABEHCTBO, HAIILTH OLICH-
Ky BpPEMEHH, HEOOXOMMOro ULl H3METBYCHUS NCXOIHBIX
YACTHII JI0 PEerilaMEHTHPOBAHHOTO pasMepa

= 2 &,
Cl

Panee ObIO OTMEYEHO, YTO CPEHHI pa3Mep YacTHI]
VICXOJTHOM cyOcTaHImM coctapmsier 232-107° M, KOHEUHbIX
~810°m. To €CTh, KOJITYECTBO YACTHII, COOTBETCTBEHHO 1
¥IX KOHIIEHTpamwsl yBemmuutes B 232-107%8-107°= 29 pas.
HUcxonst w3 toro uro m = 33 xr, g = 0,1 kr/c, momyaimm
T =(2-33/0,1)-In(29) = 2222 ¢ = 37 muH.

OKCIEepUMEHTAIbHO HalieHo, uTo T = 40 MUH.

Tak KaK HHTEHCHBHOE IEpEMEIINBAHNE 00ECTICUMBAET
OIHOPOIHOCTh CMECH CYOCTAaHIIMM W OCHOBBI, €CTb BCE
OCHOBAHHSI PAacCMaTpHBAaTh PEAKTOP-CMECHUTENb B paMKax
MOJIENN MICATBHOTO TepeMelinBanms. Vcxons u3 mpuse-
JeHHOH cxembl monmydeHuss MTJ] (puc. 1), paccmorpum
TEIJI0BOH OasiaHc peakropa. 3a mepruos BpeMeH! AT=1,—T,

— CO CTOPOHBI OXJIAXJAIOWIEH pPYyOamKd MOCTYIHT
O,=kF(t,-f) At emVHULl TEIUIOTHL, rae k — kKod(uirenT
Termtonepenaun, Br/(M*p); F — HOBEPXHOCTS TEIIO00Me-
Ha, M’; t, — TemMIepaTypa BoJpl B pyoarke, °C; f — TeKyIas
TeMrieparypa peakimoHHoi cMecH, °C;

— C BXOIHBIM TIOTOKOM CMe€cH TOCTymuT (,=gctAt
CMHHULl TeIUIOTHL, TAEe ¢ — TEIUIOEMKOCTh CMECH,
JIx/(kr-Tp); ¢ — TeMIiepaTypa CMeCH TIOCHe Je3UMHTErpaTo-
pa, °C;

— C BBIXOJIHBIM TIOTOKOM CMecH yinier O;= gctAt emu-
HHLI TeIIa;

— 1emwio Q1+ (0, +05 = 04 OUAET HA PA30TrPEB PEAKIM-
OHHOM cMecH OT Temrieparypsl ¢’ 1o t', Os=cm(t'-1).

Taxum oOpazom, kF(t-t)At + gct, At — gctAt =cm(t'—t')
[pumem, urto #; = ¢ — R, e R — CHIDKEHUE TEMIIEpaTypsl
MOTOKA CMECH 32 CUET €r0 OXJIKACHHS IPH LHUPKYJISLIH.
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b5 T ‘ T T = : : 3
e i

55 fonenn .

t,0C 11,00 t2,0C

1.4 S N .
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0 200 400 BO0D 800 1000 1200 1400 1600 1800 2000
tau,s

Puc. 2. 3mMerenue TemIieparypsl (t;) BO BpeMEHH:

* —g=0; A—-R=0,3 °C; L (t,) — oxcriepumeHT
(tau=0:50:2000; t0=45; k=300; £=0.84; m=33; c=2100; tr=65;
R=0; g=0; RI1=0.3; gl=0.1; bl=(k*f/(m*c), =(t0-
tr+g*c*R/A(k*f)) *exp(-bl. *tau)Hr-g*c*R/(k*1); t1=(t0-
tr+gl1*c*R1/(k*f)) *exp(-bl.*tau) +r-gl*c*R1/(k*f);
taul=180:180:900; t2=[53 58 63 64 65]; plot(taw,t,*-' tau,t1,"-
"taul t2,'sq); grid on xlabel('tau,s"); ylabel ('t, oC, t1,0C,t2,0C")))

INocne npenensHOrO epexozaa (At — 0) momyumnm mMate-
MAaTHUYECKYIO MOJIENb PEAKTOpa-CMECUTENS

cm dt N gc )

Havanenoe ycnoBue: iput=0 ¢ = £,
VYpasuenue (1) gerko HHTErpUpyeTcs

gc kF gc
t=(t,—t +S=R 1)+t —S-R. 2
(t,—t, iF )exp( cmT) =

CocTosTensHOCTh MOTYYeHHOH Mozeny Oblia IpoBe-
PCHA COMOCTABJIEHUEM PacuETHBIX 3HAUECHWI TeMIiepaTy-
PbI B peaKTope C SKCHEPHUMEHTATBHBIMU JaHHBIMH. [Ipn
pacuere uCXOoIuiau u3 Toro, uro m = 33 kr; F'=0,84 M g=
=0,1 kr/c; k= 3-10° Br/(m*1p); ¢ =2,1-10° Jx/(xr1p).

3aBUCHUMOCTD, TIPUBECHHAs HA PUC. 2 CBUACTEILCTBY-
eT 00 ameKBaTHOCTH MPEIIOKEHHOH MOIENH paccMaTpu-
BacMOMY OOBCKTY, PACXOKICHHE MEXIY pe3yJbTaTaMH
pacueTa 1 SKCIepUMEHTa He MpeBbIaet 3—5 %o.

[NomyuenHoe cooTHOwIEHHE (2) OO0 BO3MOKHOCTD
OLICHUTb YyBCTBUTEIILHOCTh TEMIIEPATYphl B PEAKTOpe K
U3MEHEHHUIO OCHOBHBIX YHPABISIFOLIUX IAapaMeTpoB (fo, f,
&R

ar_ exp(—k—FI) =exp(—36,36-107"1)
dt cm

0

dr = —exp(—k—Ft)+1 = —exp(-36,36-10"1) +1
dt cm

P
dt cR kF

=— t)—ﬂ:2,5€xp(—36,36-10’4t)—2,5
dg kF cm kF

N s, VW G W |
* T T p—t—p——p—b—h—b—F—b
H H H
' 1 H
' : : H
' | 1 H
: 1 i H
054 —be s . aa S SR SRA—
H | | H
P H —
e b ———4
' H H |
. | 1 , | H H H :
i i | i I ' ' H
S (PR - SO R D S | : i f
08 : l : : R T IST SRR B
2 H | | H : | H H
] I H
- H—A—é.—:l : h

e
1000 1200 1400 1600 1600 2000
tau,s

) S S
0 200 400 600 8OO

Puc. 3. UyBCTBUTEIILHOCTE TEMIIEPATYPBI CMECH B PEaK-
TOpE K M3MEHEHHIO Ha4yaJbHOM TeMIepaTypsl cMecH (fo, *),
TeMIIEpaTypbl BOIbL B pyoamike (Z,, [>), ckopocty tpKyis-
1 (g, <) ¥ NajIecHKs! TEMIIEPATYPBI B KOHTYPE IIUPKYJISIIH
(R, A) (tau=0:100:200; dO=exp(-36,36e-4*tau); dr=-exp(-
36,36e-4*tau) +1; dg=2.5%exp(-36,36e-4*tau)-2.5;
dR=0.83*exp(-36,36e-4*tau)-0.83;  plot(tau,d0,*-' tau,dr,>-
' tau,dg,'<-tau,dR,"*-"); grid on; xlabel("tau,s"); ylabel('dt/dp’))

A8 en (=M 18 L) 83exp(~36,36-101)— 0,83
dR kF cm = kF

CornacHo TaHHBIM, IPUBEAEHHBIM Ha PHC. 3, TeMIiepa-
TYPHBII PESKHM peaKTopa-CMECHTeNsl Hanbomee TyBCTBH-
TeJIeH K M3MEHEHHIO PAacXoa CMECH Ha BBIXOJE JIC3HHTE-
rparopa. C yderom crienruky paboThl AUCIEPrHpyIoLe-
ro ycrpoiictea “@apmarpor-3000” kaHal f,—> ¢ ClexyeT
paccMaTpuBaTh Kak HamOoliee IIQIeCOO0OpasHBIA IS
YIpaBJIeHUs] TEMIIEPaTypol peakuoHHOW cMecH. [IpuH-
LUUNHATIbHAS CXEMa aBTOMATHYECKOrO PeryJIMpOBaHMS
npuBezieHa Ha puc. 4. Cxema BKITIOYaeT: JaT4rK TeMIepa-
TYpBI (KaHat ¢ —> y1); peoOpa3oBaTesib HANPsDKEHUS Tep-
MOTapbl B yHU(PUIMPOBaHHKIN TOKOBBIHA curHai O (U — 1,
Y1 — ¥2); ipeoOpas3oBarelib TOKOBOI'O CUTHAJIa B YHHBEP-
canbHbIid THeBMatuueckuid DI (I» P, y, — ya); mpo-
nopuroHansHO-uHTerpanbhblid ([TW) perymstop u ucnon-
HUTENBHBINA MexaHn3M (M), BKIIoYaronmii napamsieTsHO
COCIMHEHHBIE MTHEBMATHUECKHUE KIIANaHbl, OOUH — HOp-
MabHO OTKpBITHIH (HO), mpyroi — HOpMAIBHO 3aKpPBITHII
(H3).

CTpyKkTypHasi cxeMa CHCTEMBI PEryJIMpOBaHHUs Mpe-
CTaBleHa Ha puc. 5. JUId NpeIyIoKEHHON CXEMBI MOKHO
3armcaTh

RWy(p) — t{([(Wy (D)W (p) oy (P) +

HO,2)W, (p)Wiyy, ()] +44,82)1, (p)} = 1

rae W{p) — nepenarounbie (GYHKIMH 3BEHBEB CHCTEMBI,
p — oneparop Jlamaca.

[lepenaTounast GyHKIMS CHCTEMBI IO KaHATy R —> ¢
MMEET BU
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X1 Ya
P OIII [
Y2
‘ U
80 °C
40 °C
hi| H
Pnc. 4. HpI/IHHI/IHI/IaHLHaH CXeMa aBTOMATUYCCKOI'O yIIpaBJICHUA
;(p) MymieHuss R — ¢
W) =—=

- 3
z(p) )
_ W)

([ (0 0o (0) + 0, 2) I, (0, (9) | 44,82 o)

Bru onpenenens! nepegaTodHbie GYHKIMH BCEX dlie-
MeHTOB. Tak, M3 MaTeMaTH4ecKO MOJIENTH peaKropa-
cmecutenst (1) crenyer, 4to mepenarouHast QyHKUHS TI0

KaHaly yrpasjieHus [ —> [ uMeer BUjL

t ¢ 01.21-10°
0 __p1210

R(p)

PaCCManI/IBaSI 6anch nepez[aqn TCIIJIOTBI OT CMCCU B

peaKkTope Yepes 3alMTHYI0 apMaTypy K TEpMOIape, Ioily-
qUJIn

cGdy, =oF, (t—y,)dt,

=08 O

3.10>-0,84

©)
TJIe ¢ — yJAeibHas TEIUIOEMKOCTh MaTepralia apMaTypbl, ¢
= 5.10°x/(xr-rp); G — Macca apmatypsl, G = 0,01 kr; o —
KO3()(UIIMEHT TEIUIOOTAAauH YJacTKa cpelja—KapMaH Tep-
Momapsl, o, = 3-10> Br/(M*1p); Fr — IOBEPXHOCTh TEILIO-

t(p) 1
Wolp)=——=7—"" @ obmena, Fr=16510" s
1,(p) oP Hcxons U3 TOro 4To 371eKTPOABIDKYILAS CHIIa TEPMO-
em 2.1-10°-33 Hapbl JIMHEWHO CBf3aHA C M3MEPSEMOH TeMIlepaTypoi
rie T = — = —————— =275¢, a 10 KaHally BO3-  (pyic. 6, a), C IOMOLIBIO BBIPAXKCHHS (6) TIOTYUIITH CBSI3bI-
kE'3-107-0,84 Baroiee ux auddepeHImanbHoe ypaBHEHHE
R —wup K
W(p) Ws(p) Warm(p) >®—
t yi y2 Y3
— Wo(p)
0,2
44,82
' 'UO
X Winip) We(p)

tp X2

X1 Ya

Puc. 5. C1ipykTypHast cxeMa aBTOMaTUYECKOrO YIIPABJICHHS TEMIIEPATYpOi B PEaKTOpe-CMECUTENe
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y1 (E, MB)
6) v2=£(y), 9 ¥1=h),
7
[IpeoGpazoBatens [1T-TII Tepmomnapa “XK”
6 -
ky=0,7 MA/MB5 |
— -
3 —
) ﬁ
& kr = 0,07 MB/°C
1 1 1 1 1 1 1 1 1 1 1 1 1 1
ya (I, MA) 4 3 2 1 10 20 30 40 50 60 70 80 t, °C
0,1+
0,24
0,3
Kommn = 0,16 kr/(EM*MA) 049 Ky = 22,35 (°C-eM?)/KT
Py = 0,2 kr/em’ 057 1, =44,82°C
0,6
0,74
087 4 =1yP)
ya=1u(y2) 0.0
IIpeoOpasoBaTens | | , |
SII-63 1.0 40 50 60 70 t,°C
6) Ya (p, kr/em’) 2)
Puc. 6. Cratndeckyie XapakTepUCTHKH IEMEHTOB CHCTEMBI aBTOMATHYECKOro perymposanus mpu k, =1, Ty — oo
cG dE -
Fd—ﬁ'E:ka. Wg(p)zﬁzs’—;;zo,7 Ma/MB ®)
T 4t v
INepenatounas (yHKIMS paccMaTpHBAEMOro 3BEHA v 0,8 9
HMeeT BUJ Womn (P) = _y_3 Ep; =2 =0,16Kr/(cM* - MA) ©)
Y.(p ’

W, = 311 (p) _ 0,07 MB/rpan (7
t(p) 10p+1

HUcxons u3 xapakrepuctuk npeodpazosareneii [TT-TIT
u OII-63 [5] (puc. 6, O, B), MOMYYWTH TEPEIATOUHEIC
¢dynkumm snementos O u OIIT:

OueBHIHO, YTO TP ONpPE/ICTICHAN ;/ ,(p) cuenyer yun-

THIBATh KOHCTAHTY 0,2 Kr/eM” (pHc. 6, B).

B cuny o011en3BecTHBIX TPEMMYILECTB ONPaBIaHO HC-
TOJIB30BaHNE TIPOMOPLMOHATIEHO-MHTEr pAJIGHOTO  3aKOHA
perympoBanus. [lepenatounas ¢ynxims [TH-perymsitopa
MMEET BUJ
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0,9

N
\3/

0,4 /

0,3

0,2 0,4 0,6 0,8 1,0
2
P, kr/cm

Puc. 7. 3aBucmmocts momu (8) pacxoma ‘“ropsero” (IN) m

“xonomHoro’” (X) TEIUTOHOCHTENEH OT JABICHUS
wo=2® TL (10)
¥4(p) P
rae k, — KOO(GUIMEHT YCHIIEHUs peryisTopa; 7, — Bpems

M307[poMa.

OrnpaBaaHo ynpaBiIeHHE TEIUIOBBIM PEXUMOM PEAKTO-
pa 3a cuer U3MEHEHUs HE pacxofia TEMJIOHOCUTENS, 10/1a-
BaeMOro B pyOallKy amnmaparta, a 3a C4eT H3MECHEHHS ero
“xadecTBa” — TemriepaTypslL. [Ipu sToM He OyIeT MeHIThCs
TUIPOIMHAMUYECKAsT 0OCTAHOBKA M OTHAIAeT HEeOOXOIH-
MOCTb y4eTa U3MEHEHNs yclioBUi Terutootraqu. Ha puc. 7
MPUBEICHA 3aBUCUMOCTh JTonu pacxona “ropsraero” (I) u

T=f(k)

0.2 7

B et 4
7 N

06f---

Ts

08F----

T 20 0 20 40 60 80 100

Puc. 8. Ipocrpancrso mapamerpos [1H-peryssitopa, obec-
TICUMBAIOINX YCTOHYMBOCTD aBTOMATHUECKOH CHCTEMBI pEry-
JIMpOBaHM (3AIUTPUXOBAHO)

(k=-10:1:100;  T=(-20000-1998*k)./(207.6*k."2+k.*5454.5+
33595); T3=-0.2; k3=10;
A=207.6¥T3*k3"2+(5454*T3+1998)*k3+33595 *T3+32774,
plot(k, T, k3,T3,*");grid on;xlabel('k’); ylabel('T,s");
title('T=fk)))

“xonomnoro” (X) TerutoHocuTeneit. JIerko mokasarb, 4To
or=0,6383P + 0,1723; 6x=-0,6061P + 1 1 nepenarounas
(YyHKUMS NCTIONHUTETBHOTO MEXaHM3Ma UMEET BUT

W = ff’(p) =22,35P + 44,82 (11)
x,(p)
[Tocne TONCTAHOBKM HAMICHHBIX  IIEPENATOYHBIX
¢bynkumii (4, 5, 7-11) B Belpakenue (3) TOMy4YHIIH BBIpa-
JKEHHe

W) - 2

«p) (12)
0,833

) kTp+
1+ 297 0.7.016+0,2 | 2P | 20 35| rag gt
10p+1 z;p 275p+1

XapakTepruCTUUECKOE YpaBHEHHE 3aMKHYTOM CHCTEMBI
PEryMpOBaHYS UIMEET BUJ

2750T,p° + 733,2T,p* + 44,7k T,p* +
+ 45,82T,p+ 4,645k T.p+ 44,7p+ 4,645=0

(13)

[Nomy4yenHOe BBIpaKeHNE TIO3BOMIIO HCCIIEN0BATh yC-
TONYHMBOCTH CUCTEMBI ABTOMATUUECKOT'O PEryIINPOBaHUS.

Brio pacemotpeHo ga noxxona. IlepBeriii 6aszuposa-
cst Ha Kputepuu ['ypBuria [6]: Bce KO3(DQUIMEHTHI Xapak-
TEPUCTMYECKOTO YPAaBHEHMSI TPEThErO MOPSIKA JOIKHBI
OBITh MONOKUTETBHBIMU M TIPOU3BENICHHUE CPEIHUX KO-
(PHIMEHTOB TOIDKHO MPEBBIIATH MPOM3BEACHNE KPAHIX.
U3 Beipaxkenust (13) BBITEKAET, YTO YCIIOBHEM YCTOWYMBO-
CTH CUCTEMBI SIBIISIETCSI HEPABEHCTBO

L : : : : : :
Bl b

N U U W N S S_—

ki k2

1)) SRS USROS NSRS WSSO, | NSSUN RSP SRS

E -1 6 14 .2 —1 —U. —0.6 —0.4 —0.2 0 0.2

s

Puc. 9. O6nacTs HacTpOEK PeryIsTOpa, 00ECIIEINBAIOIIIX
YCTOMYMBOCTH CUCTEMBI PETYJIMPOBAHMS (3AIUTPHXOBAHO)
(T=-1.6:0.01:0.2; k1=(-(T.*3405.7+T.*2048.2+1998)+sqrt((T.
*3405.7+T.%#2048.2+1998)./2-830.4*T.*(T.*33595+20000)))
JNT*415.2);  K2=({(T.*3405.7+T.*2048.2+1998)-sqrt((T.*
3405.7+T.*2048.2+1998)./2-830.4*T.*(T.*33595+20000)))
J(T.*415.2); ylim([-20 100]); xlim([-1.6 0.2]); plot(Tkl,-
\T,k2,-); xlim([-1.6 0.2]); ylim([-20 100]); grid on; xlabel
('T,s'); ylabel(k1,k2"); title(k 1,k2=R(T)")
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Puc. 10. Onpenenenue o0macTit yCTOHYMBOCTH CHCTEMBI
MeronoM D-pazomenmst: (o = [-0.11:0.001:110]; for T = 30 :
30.0:330; Re = -(20000*w."2 + 212.8)./(21.58+1998*w."2); Im
= (-122925*T*w.M-1357.6¥T*w."2 + 1998*w."2 + 21.58)
J21.58*w.*T + 1998 * T * w."3); plot(Re,Im,-"); grid on; hold
on; end; hold off; ylim([-6 6]); xlim([-9.920 -9.82]); xlabel
(Re(w)); ylabel(Tm(w)’); title('D"))

207, 6T”k§ + (3405, 7T +2048,2T + 1998)kp +
+ 335957, + 32774 > 12774,
IO KOTOPOMY MOKHO OIMPEIENTh TPAHMILY YCTONYMBBIX U
HeyCTOfILH/]BBIX PCKUMOB. Bruto PacCMOTPCHO Ba BbIpa-
xernst T,= fi(ky) u ke, = fAT5)
12774 -32774 — 1998kp

(14)

- (15)
" 2076k +5454k, +33595
_ (54547, +1998)
Pe 22076,
(16)

N \/(54547; + 1998)2 —4-207,6T, (335951:d +20000)
B 2-207,6T,

Pezynerate! pacuera nprBeeHb! HA pUC. 8 (BBIpaKEHHE
15) u puc. 9 (Beipakenue 16).

OreHKa 001aCTH YCTOHYMBOCTH CHCTEMBI TakoKe ObLIa
BBITIOJIHEHA C UCTONb30BaHneM D-pasouenns [7]. s ato-
T0, HCTIONB3YA XapakTeprucTiieckoe ypasHenue (13), Obu1
Hainen koadurment yeunenus [IU-perynstopa

p = 27507, p’+733,2T p* +45,82T +44,7p+4,645 (17)
’ 44,7T p* +4,645T p

Iocne 3amens! oneparopa Jlamnaca p Ha i MOTy4HIN
COOTHOILICHUE A1 aHaJIN3a ycroﬁqmaocm C IIOMOIIIBIO D-
pazoueHusL.

k, =Re(0)+ilm(o), (18)
200007, 0+212,84
19987 0> +21,58

-122925T, 0" —1357,7T,0° +1998w” + 21,58

Im(w) = . " .
19987 " +21,587 ®

3aBucumocts (18) mpuBenena Ha puc. 10. Pesynbrars,
MIPUBEACHHBIC Ha pUC. 8, 9, XOPOIIO COriacyroTcs C OLeH-
KOM YCTOWYMBOCTH, TNOMYYeHHOH ¢ moMompio D-
pasOueHs, 1 ONPEAEIIOT O0NACTH YCTOMYMBOCTH TPEa-
JIOKEHHON CHCTEMBI PETYITMPOBAHMSL.

BrisBrIeHHBIE 3aKOHOMEPHOCTY MO3BONISIOT PEILIATH 3a-

JIaudl YIpaBiIeHHUs W MacIUTaOMpOBaHMS TPU TMOTYYEHUH
Maz# TeoOoHa-MTHOMHKOLA.

rie Re(w) =—

1. Konspenko BJI'., Crenanenko B.., Illkapamyra
JIM., Tumenko JI.O., Bicnux ¢papmaronoeii ma gpopmayii,
2006, (5), 17.

2. Bparunckuit JLH., beraues B.W., bapabam B.M.,
Tepemewmsanue 6 scuoxux cpeoax. Quuueckie OCHOBLL U
UHOICeHepHble Memoobl pacuema, JleHuHrpan, Xumms,
1984, 336 c.

3. PykoBogsmmii TEXHUUECKHI MaTepral. Anmaparsl ¢
MEXaHUYECKIMHY TIEPEMEIIMBAFOIIMMI YCTPOHCTBAMH BEp-
THKaIBHBIE. MeTon pacuera PTM 26-01-90-76.

4. Jleporcasna ¢papmarxoness Yipainu, JlepxkaBHe -
npueMcTBo  “HaykoBo-ekcriepTHuii  (hapMakoneiHuit
neHtp”, 1-me Bua., Xapkie: PIPEL, 2001, 556 c.

5. Komapckuit B.J1., Aemomamuueckue npubopwl, pe-
2YIAMOPLL U BbIUUCTUMENbHBIE cucmembl, Mocksa, Ma-
umHocTpoeHue, 1978, 484.

6. Bergman H.G., Selected Paper on Mathematical
Trends in Control Theory, New York: Dover, 1964.

7. Raven F.H., Automatic Control Engineering,
McGraw-Hill, 1987, 566.

Tocmynuna 6 pedaxyuro 14.08.2014 2.
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SIK 00’€KT ABTOMATHUYHOI0 KEPYBAHHS
JLM. lIxapanyma, JI.0. Tuwenko, J1.A. Illesuenxo, O.M. Manoiino

Incmumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 02094 Kuis, eyn. Mypmarcoka, 1, ¢paxce: (044) 559-98-00

JlocmimKeHo TiIpoauHaMiYHI YMOBHM B XOAi ofep)kaHHA Ma3i TeoOoHy-auTioMikonumy
(MTJ1), oTpMaHO OWIHKM 4Yacy JOCSTHEHHS 3aJJaHOTO DIBHS OJHOPITHOCTI CyCHeH3ii,
MIPOaHaJIi30BaHO CITiBBITHONIEHHS IIBHMJIKOCTI cenapaii YaCTHHOK i BILIMBOM CHII TS-
XKIHHS 1 TypOyneHTHOI qudy3ii. 3HalIeHO OLUiHKY Yacy, HeOOX1JHOTO ISl JUCHIEPTyBaHHS
BHXIJJHUX YaCTHHOK J0 pO3Mipy, 110 3a0e3neyye BUMOTH OJHOpiAHOCTI Masi. Po3pobieno
aZIeKBaTHy MaTeMaTH4Hy MOJIENb peaKkTopa onep>kaHHs MTJl, mpoaHasi3oBaHO mapamer-
PUYHY YYTJIMBICTH MPOLIECY 10 3MiHM OCHOBHUX KEPYIOUMX IapaMeTpiB. 3alporioHOBaHO
CHCTEeMH aBTOMATHYHOTO PEryJIIOBaHHS IIPOIECOM, BH3HAYEHO MepeAaTodHi ¢(yHKIii i1
€IIEMEHTIB, JCTANBHO JOCTIKCHO CTIHKICTh B IMIMPOKOMY Jiala30Hi HAIAIITyBaHb TPO-
MOPLIHHO-IHTErPAIIEHOTO PETYNATOpa. BHsABIEH] 3aKOHOMIPHOCTI JJaf0Th 3MOT'Y BUPILIUTH
3aBJIaHH YIIPABJIiHHS 1 MacmTaOyBaHHS NpH onepxkanHi MT/I.

The process of obtaining an ointment
Teobon-ditiomikotsid as an object of automatic control

L.M. Shkaraputa, L.O. Tyshchenko, L.A. Shevchenko, O.M. Manoylo

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
1, Murmanska Str., Kyiv 02094, Ukraine, Fax: (044) 559-98-00

The hydrodynamic conditions in the preparation of ointments Teobon-ditiomikotsida has
been studied, it was estimated the time to achieve a given level of homogeneity of the
suspension, it was analyzed the ratio of the separation speed of particles under the
influence of the forces of gravity and turbulent diffusion. It was found estimate of the
time required for dispersing the precursor particles to a size that ensures homogeneity
requirements ointment. The adequate mathematical model of the reactor producing
ointment TD has been developed, analyzed parametric sensitivity of the process to
change the main control parameters. Proposed system of automatic control process
determined the transfer functions of its elements, a detailed study of the stability of a
wide range of settings in proportion — the integral controller. Revealed laws allow us to
solve the problem of management and scaling in the preparation of ointment TD.
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Production of cooligomers from C, fraction
by two-stage thermal-catalytic method
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T.0. Voronchak, G.M. Rypka
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The process of cooligomers production from C9 fraction of diesel fuel pyrolysis liquid products
by two-stage thermal-catalytic method was investigated. The effect of cooligomerization dura-
tion and temperature, as well as catalyst nature and concentration on the cooligomer yield and
physicochemical properties has been ascertained. The optimal cooligomerization conditions
have been determined. The product produced under these conditions obeys technical requirements
TU U 6-05743160.020-99 for hydrocarbon resin for paint and varnish industry, and is obtained

with 64,4 % yield.

1. Introduction

Nowadays pyrolysis of hydrocarbon feedstock, namely
gasoline, diesel fuel and other hydrocarbon fractions is the
main source of ethylene and propylene. Increase of raw
materials processing depth and broadening of final products
nomenclature are the main moving forces in modern petro-
chemical industry. From this point the synthesis of cooli-
gomeric products — so called hydrocarbon resins (HR), by
cooligomerization of unsaturated compoundsbeing compo-
nents of liquid by-products of hydrocarbon feedstock pyro-
lysis is very urgent and perspective task. Hydrocarbon res-
ins are produced by such world-famous companies as
Exxon Mobil Corporation (USA); Eastman Chemical
Company (USA); Neville Chemical Company (USA);
RUTGERS Group (Germany—Belgium); Arakawa Chemi-
cal Industries Ltd. (Japan); Puyang Zhongde Petroleum
Resins Co., Ltd. (China); Shandong Qilong Chemical Co.,
Ltd.(China) etc. C, fraction of liquid products of hydrocar-
bon feedstock pyrolysis is used most widely as a raw mate-
rial for HR production.

Cooligomers obtained from the C, fraction of liquid py-
rolysis products are used in paint-and-varmish industry as a
film-forming material and as a substituent of vegetable oils;
in pulp-and-paper industry — as rosin substituent in sizing
compositions and size dispersions in paper production; in
rubber industry — as a plasticizer in production and reclaim-
ing of rubber to improve elasticity and durability; in print-
ing inks production to improve their technological proper-
ties; in protecting and corrosion resistant coatings produc-
tion to improve adhesiveness of paints and mastics and to
improve protecting materials hydrophobicity [1-10].

Main methods of cooligomers production from the Cy
fraction, which are industrially used by main world HR
producers, are thermal (radical) cooligomerization and cata-
lytic (cationic) cooligomerization with Friedel-Krafts cata-
lysts (AICL;, BF3) [2]. Both methods have some advantages

and disadvantages.

Advantages of thermal method include simplicity of the
process technology and light colour of HR. Disadvantages
— high power inputs due to the high temperatures (473-553
K) and considerable duration (3—7 h.) of the process, rela-
tively low HR yield, rather low molecular weight and sof-
tening point of HR and difficulty of HR properties adjust-
ment.

Advantages of catalytic method include low tempera-
ture (< 373 K) and short duration (1-3 h.) of the process,
high yield and molecular weight of HR, possibility of coo-
ligomer properties adjustment by changing cooligomeriza-
tion conditions. Complexity of technology, high cost and
corrosion aggressiveness of the catalysts, as well as dark
colour of HR should be mentioned as the catalytic method
disadvantages.

We believe that combination of thermal and catalytic
technologies should allow to combine advantages and ex-
clude disadvantages of each method. The research, results
of which are represented in present paper, was aimed on
development of two-stage HR production technology,
where first stage is thermal and the second one — catalytic.
Such technology should enable HR production with high
yield (as in case of catalytic cooligomerization) and light
colour (as in case of thermal cooligomerization) at the same
time. On the other hand, application of the two-stage tech-
nology should lower the final product cost due to the lower-
ing of power input and decrease of consumption of rather
expensive catalyst.

2. Experimental

2.1. Research object

The C, fraction of liquid pyrolysis products was our re-
search object. Main polymerizable components are styrene,
dicyclopentadiene, vinyltoluenes, a-methylsyrene, indene,
allylbenzene. It should be mentioned that C, fraction com-
position may vary depending on the feedstock undergone
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Table 1. HR yield and properties dependence on catalyst
type and concentration (T = 353 K, duration — 1 h; stage I:
T =532 K, duration—3 h)

Table 2. HR yield and properties dependence on the stage
II temperature: (catalyst — AICL (Cye = 0,5 wt. %),
duration — 1,0 h.; stage I: T = 532K, duration—3 h.)

Cata-| C, | HR BN, M | SP, Colour,
lyst |wt. % |yield, %| gBr,/100g K |mgl/100 ml
AICL 0,5 | 385 59,6 520 | 357 160

1,0 | 392 59,7 552 | 375 300
TiCL 05| 27,1 574 590 | 382 900

1,0 | 49,2 59,3 547 | 347 900
cC 0,5 | 282 574 569 | 374 400

1,0 | 409 56,2 515 | 378 500

to pyrolysis and the pyrolysis conditions.

2.2. HR synthesis

Anhydrous aluminium chloride, titanium chloride and
AlCly/ethyl acetate/xylene catalytic complex (CC), pre-
pared as described in [3] were used as a catalyst.

Thermal cooligomerization (stage ) was carried out in
100 ml ampoules of stainless steel placed in thermostat at
temperature 523-573 K and duration 1-3 h. After the ther-
mal stage completion the obtained cooligomerizate of stage
I was cooled to the catalytic stage temperature.

The catalytic cooligomerization (stage II) was carried
out in glass reactor placed in thermostat and fitted with stir-
rer, thermometer and reflux condenser at temperature 293—
373 K and duration 0,5-2,0 h. Cooligomerizate of stage |
was thermostated until the reaction temperature, afterwards
required amount of catalyst was added to it.

Unpolymerized hydrocarbons were removed by con-
secutive atmospheric (boiler temperature — 473K) and vac-
uum (residual pressure — 3—4 kPa, boiler temperature — 423
K) stripping to obtain the final product — HR, in residue.

2.3. HR characterization

Colour of cooligomer was numerically assessed by
comparison of 10 wt. % benzene solution of HR with stan-
dard iodine scale. HR unsaturation was characterized by
bromine number (BN) value. It was determined by io-
dometric back titration according to common technique [4].
Average molecular weight (M) was determined by cryos-
copy Beckmann method with benzene as a solvent. [5].
Softening point (SP) was determined by ring and ball
method.

3. Results and discussion

3.1. Study of catalyst type and concentration effect on
the cooligomerization process. Determination of optimal
catalyst concentration

The thermal-catalytic cooligomerization was carried out
as described above. The first stage (thermal one) was car-
ried out at 523 K that is optimal temperature according to
[1]. Temperature of the second stage (catalytic one) was
353 K that is optimal temperature according to [6]. Cooli-
gomerization duration was 1,0 h. Since our researches

T,K HR yield, BN, Colour,
% gBr,/100g mgl,/100ml

293 26,9 65,8 60

323 26,0 56,9 130

353 38,5 59,6 160

373 294 53,7 900

of thermal-catalytic cooligomerization are aimed on reduc-
tion of energy input and specific consumption of the cata-
lyst, the thermal stage duration was 3 h. and the catalyst
concentration (C) was 0,5 and 1,0 wt. %. The obtained
results are given in table 1.

The highest yield of cooligomer (49,2 wt. %) is
achieved when using TiCly as a catalyst (Cey, = 1,0 wt. %).
However, very dark colour of the cooligomer (900 mg
1,/100 ml) disables such product use in paint-and-varnish
and pulp-an-paper industry. When using the catalytic com-
plex, cooligomers are produced with lower yield (28,2-40,9
wt. %), but with better colour (400-500 mg 1,/100 ml). The
best result in terms of colour (160 mg I,/100 ml) and satis-
factory yield of cooligomer (38,5 wt. %) is achieved with
AICI; as a catalyst.

The catalyst concentration increase from 0,5 to 1,0 wt.
% leads to considerable increase of HR yield when using
liquid catalysts (TiCly and CC), while when using AICl;
this increase is insignificant. HR colour becomes worse
when raising catalyst concentration.

Average molecular weight, softening point and BN of
HR produced with the studied three catalysts are rather
close. Catalyst concentration change from 0,5 to 1,0 wt. %
slightly affects these properties of HR. It is clear from the
obtained results that use of aluminium chloride as a catalyst
with concentration 0,5 wt. % is the most favourable.

3.2. The catalytic stage optimal temperature determi-
nation

The next step of research was aimed on the ascertain-
ment of the stage Il temperature effect on yield and proper-
ties of the cooligomers at the same conditions of stage I
(523K, 3 h.).

The obtained results (table 2) indicate that temperature
raise from 293 to 353 K leads to yield increase, while fur-
ther raise of temperature has no positive effect. The yield
decrease at temperatures above 353 K may be explained by
considerable increase of chain termination rate at such con-
ditions. This results in formation of some amount of low-
molecular products which are distilled out during stripping,

Bromine number decreases (from 65,8 to 53,7 g Br,/100
g) when raising temperature of the stage II. This also results
in substantial increase of cooligomer colour (from 60 to 900
mg [,/100 ml).

Molecular weight changes very slightly (fig. 1). This
indicates that low-molecular compounds, formation of
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Fig. 1. HR average molecular weight and softening point de-
pendence on the stage II temperature (catalyst — AICI; (Cey. = 0,5
wt. %), duration — 1,0 h.; stage I: T =532 K, duration —3 h.)

which is favoured by temperature rise, are partially re-
moved during distillation and did not enter the final product
composition.

Based on the obtained results we can conclude that 353
K is an optimal temperature of the stage II, because at this
temperature HR yield is maximal, its molecular weight and
softening point are high and the cooligomer colour is rela-
tively low.

3.3. The catalytic stage optimal duration determination

The effect of stage II duration on the process indicators
was investigated under the same thermal stage conditions
(523 K, 3 h.) and at the catalytic stage temperature found to
be optimal (353K). The stage I was carried out at duration
from 0,5 to 2,0 h. Duration value equal zero means that
there were no catalytic stage at all (only thermal stage was
carried out). The catalytic stage duration raise from 0,5 to
1,0 h. results in yield increase from 31,5 to 38,5 wt. %,
while further duration raise from 1 to 2 h. leads to yield
increase by 0,5 wt. % (absolute) only (fig. 2). Thus, in
terms of yield, the catalytic stage duration raise over 1 h. is
unreasonable.

45
40 S

—
35 A

B ,o/
. 30
Sal
" 20 9/
|
15 +
\ 0 0.5 1 1.5 2

Duration of stage 11, h

Fig. 2. HR yield dependence on the stage II duration (cata-
lyst — AICL; (Cey, = 0,5 wt. %), T=353 K; stage : T=532K,
duration —3 h.)

Table 3. HR bromine number and colour dependence on
the stage II duration (catalyst — AICL; (Ce,. = 0,5 wt.%), T =
353 K; stage I: T =532 K, duration—3 h.)

Duration, BN, Colour,
h gBr,/100g mg Iy/ml
0 52,9 90
0,5 66,6 130
1,0 59,6 160
2,0 54,1 300

As the catalytic cooligomerization duration increases
from 0,5 to 2,0 h., molecular weight and softening point
naturally increase (fig. 3), because the cooligomer mole-
cules can reach bigger size over more time. At that, dura-
tion raise from 0,5 to 1,0 h. has considerable effect, while
duration raise by another hour results in very slight increase
of these parameters.

Bromine number of the cooligomer obtained in the
process without catalytic stage is 52,9 g Bry/100 g, and in
two-stage cooligomerization process it increases up to 66,6
(Table 3). This indicates intensive oligomerization of dicy-
clopentadiene (DCPD) and cyclopentadiene (CPD) formed
during the thermal stage. Both substances involve two dou-
ble bonds in their structure. During cationic oligomerization
by one of the double bonds another one remains unreacted
that causes unsaturation of the final product .As the cata-
lytic cooligomerization increases, the product unsaturation
regularly decreases.

The catalytic stage duration raise results in cooligomer
colour deterioration (Table 3). That is why, in terms of HR
colour, the catalytic stage duration raise over 1 h. is unrea-
sonable.

When only thermal stage is carried out, the cooligomer
yield is 19,8 wt. % only (fig. 3). However, molecular
weight and softening point are higher than in the two-stage
process (fig. 4). This may be explained as follows. At high
temperature (523 K)) and short time (1 h.) of thermal cooli-
gomerization part of low-molecular products (dimers and

= 800 ¢ y
fg" o0 —0—M —O—T 1400 7
L =]
= RS
g {380 &
g 60 | E;
S { 360 E
2 500 t %
wn

00 L 1 340

300 + { 320

200 — 300

0 05 1 1,5 2

Duration of stage II, h

Fig. 3. HR molecular weight and softening point dependence
on the stage II duration (catalyst — AlCl; (Cey. = 0,5 wt. %), T =
353 K; stage I: T=1532 K, duration —3 h.)
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Fig. 4. HR yield dependence on temperature and duration of
stage I (stage II: catalyst — AlCl; (Ce, = 0,5 Wt. %), T=353 K,
duration — 1 h.)

trimers of styrene and its homologues) formed by radical
mechanism is considerable. These products removed dur-
ing distillation and do not enter the final product composi-
tion. The product obtained in residue contains some amount
of long chains build of CPD oligomers formed by cycload-
dition mechanism. Short stage of catalytic cooligomeriza-
tion results in formation of great amount of medium cooli-
gomer molecules, which enter the final product composi-
tion, resulting in lower average molecular weight of the
final product. The obtained results indicate the optimal du-
ration of the catalytic stage is 1 h.

3.4. The thermal stage optimal conditions determi-
nation

When investigating the two-stage HR synthesis process
with the aim of the thermal stage optimal conditions deter-
mination, the catalytic stage was carried out under condi-
tions found to be optimal for it: catalyst — AlCl;, Ce. = 0,5
wt. %, T =353 K, duration— 1 h.

Though optimal temperature of thermal stage is 523 K
according to the literature [1], the process was also studied
at higher temperature (573K), to find out if temperature
increase has positive effect on HR yield and properties and
if this allows to reduce the stage I duration.

As is clear in fig.4, the stage I temperature raise by 50 K
results in considerable increase of HR yield, and this effect
takes place at different process duration (1-3 h.).

BN of HR is high and varies in rather narrow range
(59,6-66,4 g Br,/100 g), as thermal stage duration changes.
At 523 K BN decreases as duration increases, while at
573K BN increases on the contrary (fig, 5).

Polymerization of styrene and its homologues does not
lead to unsaturated product formation. Only terminal dou-
ble bonds can appear in macromolecules formed at chain
termination by disproportionation in radical polymerization
during the thermal stage, and at chain termination in cati-
onic polymerization during the catalytic stage.

DCPD does not polymerize without a catalyst but at the
temperatures above 443 K it monomerizes to form two
molecules of CPD capable of oligomerization by Diels—
Alder reaction. Such oligomerization product also does not

70
66
62

58

54 1 —— 523 K —{—573 K

Bromine number,gBr,/100g

50

2
Duration of stage L, h.

Fig. 5. HR bromine number dependence on temperature
and duration of stage I (stage II: catalyst — AlCL; (Cey. = 0,5 wt.
%), T =353 K, duration — 1 h.)

contain double bonds in the midsection of the chain, and
contains terminal double bonds only (1 or 2 per macro-
molecule).

DCPD monomerization results in cooligomerizate un-
saturation increase, because in this reaction number of dou-
ble bonds doubles. DCPD and CPD oligomerization during
the catalytic stage occurs in resulting formation of the prod-
uct with residual double bonds. The higher CPD content in
cooligomerizate of stage I, which is further fed to the stage
I, the higher the final product unsaturation is.

The higher the temperature and duration of the thermal
stage are, the higher DCPD monomerization degree is. On
the other hand, the shorter the first stage duration is, the
greater the amount of DCPD and CPD remains unpolymer-
ized, and during the catalytic stage the product with higher
BN is formed. Ratio of DCPD monomerization rate and
CPD oligomerization rate, which depends on temperature,
determines the character of stage I duration effect on the
final product unsaturation.

When stage | temperature is 523 K, its duration increase
results in decrease of final product BN. In case of higher
duration of thermal stage, greater amount of CPD, and
fewer amount of DCPD and CPD remains unreacted to be
able to polymerize by the scheme fig. 5 resulting in unsatu-
rated structures formation.

At 573 K the factor of raise of the stage I oligomerizate
unsaturation due to increase of monomerization degree,
obviously, prevails over the factor of unsaturation decrease
due to CPD.

As the stage I duration increases, molecular weight
changes in the range close to its determination error. Mo-
lecular weight of the product obtained at the thermal stage
temperature equal to 573 K is higher than that of HR ob-
tained at 523 K (fig. 6). In case of one-stage thermal cooli-
gomerization the result would be opposite, because tem-
perature increase leads to chain termination rate increase,
resulting in low molecular weight of the HR. The lower the
molecular weight of the product formed in thermal cooli-
gomerization is, the greater the number of double bonds
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Fig. 6. HR molecular weight dependence on temperature
and duration of stage I (stage II: catalyst — AlCl; (Ce, = 0,5 W.
%), T =353 K, duration — 1 h.)

per mass unit of the cooligomerizate of stage I is. In two-
stage process the low-molecular products with terminal
unsaturation, formed in stage I, participate in cationic po-
lymerization more easily due to their higher mobility. And,
as is known [1], cationic polymerization allows to obtain
the product with higher molecular weight. Increase of HR
molecular weight, as the thermal stage decreases, also con-
firms the above considerations.

Softening point is higher at higher temperature of ther-
mal stage and decreases, as its duration increases (fig. 7).
This conforms well to the data obtained for molecular
weight.

As stage I duration increases, HR colour decreases both
at 523 K and 573 K (fig. 8). As is known, cooligomeriza-
tion of styrene and its homologues results in product with
light colour. The substance, which deteriorates HR colour is
DCPD [3]. When DCPD (actually CPD) oligomerizes by
Diels—Alder reaction (in thermal cooligomerization), the
cooligomer formed is much lighter, than that produced by
catalytic cooligomerization. DCPD oligomerization with
Friedel-Krafts catalysts, occurring by cationic mechanism,
results in products with very dark colour. It is for that, in
industry, when the feedstock with high DCPD content is
used, HR are usually produced by thermal method [1, 2]. If
HR synthesis is carried out by catalytic method, the raw
material is often previously purified from DCPD, that is
rather complicated [1]. Thus, one of the ideas, underlying
suggested thermal-catalytic HR production method, may be
stated as follows: make as much DCPD as possible to po-
lymerize by cycloaddition mechanism during thermal stage,
for it not to deteriorate the product colour during cationic
cooligomerization on the catalytic stage.

When the stage I duration increases, amount of unre-
acted DCPD and CPD, fed to the catalytic stage, decreases.
As a result, final product colour is reduced (fig. 8). At
higher temperature of thermal stage more coloured HR are

363 L

B8 ¢ \o/

353 ¢

U8 t 00— 58K 573K

343 Il Il J

2 3
Duration of stage I, h.

Fig. 7. HR softening point dependence on temperature and
duration of stage I (stage II: catalyst — AlCl; (Cey. = 0,5 Wt. %),
T =353 K, duration— 1 h.)

obtained. This is, probably, related to the rise of amount of
low-molecular cooligomers with terminal unsaturation,
capable of participation in cationic cooligomerization.

Thus, in terms of colour, the optimal conditions of
thermal stage are T = 523 K and duration — 3 h. Under
these conditions HR colour is 130 mg I[,/100 ml. However,
in terms of yield and softening point, the optimal conditions
of stage [ are T = 573 K and duration 2 h. The colour, how-
ever, is 400 mg [,/100 ml.

3.5. Catalyst deactivation

All the researches described above were carried out
without isolation of the catalyst from the cooligomerizate.
Presence of the catalyst in cooligomerizate on distillation
stage, which is carried out at temperatures up to 463 K, has
negative effect on the product colour. Conventional tech-
nology of HR production from C, fraction by catalytic

700
600 | —m 523 K === 573 K
500

400 |

Colour, mg 1,/100 ml

300 F

200 F

100

0

1 2 3
Duration of stage I, h.

Fig. 8. HR colour dependence on temperature and duration
of stage I (stage II: catalyst — AICl; (Cey. = 0,5 wt. %), T=353 K,
duration — 1 h.)
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Table 4. Yield and properties of HR, synthesized from Csfraction by thermal-catalytic method without catalyst deactivation

and with deactivation of the catalyst by propylene oxide

Stage HR production conditions HR yield, HR properties
Catalyst Ceat %0 T,K | Duration, h % BN,gBry100g | M SP,K | Colour, mg I,/100ml
I - - 573 2
i AlCL 05 153 1 56,2 62,5 600 369 400
I - - 573 2
I AlCI; 0,5 353 1 64,4 61,0 550 357 130
m PO 5/1mol. 353 0,5

method stipulates the catalyst decomposition with water,
neutralization by alkali or soda solution, followed by wash-
ing and separation of the organic phase, which is than un-
dergone stripping [7-9]. However, such method makes
technology too complicated, due to the additional stages of
washing, neutralization and separation, requiring additional
equipment. In addition, this approach results in formation of
great amount of waste water. In last years a new approach
to catalyst deactivation, consisting in reaction of the latter
with epoxy compounds, has been suggested [7-9]. The
catalyst is, thus, deactivated, and deactivation reaction
products are well compatible with HR, do not deteriorate its
colour and are not to be isolated from the product. Propyl-
ene oxide (PO) was determined to be the optimal deactivat-
ing agent [7-9]. Deactivation was carried out at the second
stage temperature (353 K) for 0,5 h. at molar ratio PO/AICl;
=5/1[4,5].

The effect of the catalyst deactivation by propylene ox-
ide on yield and properties of HR, produced by two-stage
thermal-catalytic method under conditions, found to be op-
timal in terms of yield and softening point, is represented in
Table 4.

As is clear from the Table 4, the catalyst deactivation al-

70 644 —63.4 —
60 562 -

50 | 45.0

lows to reduce the product colour from 400 to 130 mg
1,/100 ml. Bromine number remains almost constant, and
molecular weight and softening point slightly decrease. In
addition to considerable reduction of colour, deactivation
results in increase of HR yield. The HR yield value in case

of deactivation indicates, that almost all the PO enters
the final product composition. When reacting with the cata-
lyst, PO forms high-molecular compounds, that remain in
HR composition after stripping. Excessive PO unreacted
with the catalyst, probably, joins to the cooligomer double
bonds with epoxy ring opening (O-alkylation mechanism)
and, thus, enters the final product composition too.

3.6. Comparison of the two-stage thermal-catalytic
method with one-stage thermal and catalytic methods

The results of two-stage cooligomerization of C, frac-
tion at the optimal conditions, defined above (stage I: 573
K, 2 h;; stage II: 0,5 wt. % AICl;, 353 K, 1 h.) without deac-
tivation (3) and with deactivation of the catalyst by propyl-
ene oxide (4); the results of one-stage thermal (1) and cata-
lytic (6) cooligomerization at optimal conditions for each
process (523 K, 6 h, for thermal one [1], and 2,5 wt. %
AlCl;, 373 K, 3h. for catalytic one [6]); as well as the results
of one-stage thermal (2) and catalytic (5) cooligomerization

2500 >2500
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2 500 | 400
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Fig. 9-10. HR yield and colour depending on production method
1 — thermal cooligomerization under optimal conditions: T = 523K duration = 6 h.,
2 —thermalcooligomerization under conditions of stage I of the two-stage process: T = 573K, duration =2 h.,

3 —two-stage cooligomerizationwithout catalyst deactivation,

4 — two-stage cooligomerization with catalyst deactivation by propylene oxide,
5 — catalytic cooligomerization under conditions of stage II of the two-stage process: AlCL(C=0.5wt.%), T=353K, duration =1h.,
6 — catalytic cooligomerization under optimal conditions : AICl; (Ce,= 2.5 wt.%), T = 373K, duration =3 h.
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Fig. 11 —12. HR softening point and average molecular weight depending on production method
1 —thermal cooligomerization under optimal conditions: T = 523 K, duration =6 h.,
2 — thermal cooligomerization under conditions of stage I of the two-stage process: T =573 K, duration—2 h.,

3 —two-stage cooligomerizationwithout catalyst deactivation,

4 — two-stage cooligomerization with catalyst deactivation by propylene oxide,
5 — catalytic cooligomerization under conditions of stage II of the two-stage process: AlCL (Ce, =0,5 wt. %), T=353 K, duration = 1h.,
6 — catalytic cooligomerization under optimal conditions : AICl; (Ce,. = 2,5 wt. %), T =373 K, duration =3 h.

at optimal conditions of first (573 K, 2 h.) and second (0,5
wt. % AICl;, 353 K, 1 h.) stages of the two-stage process,
respectively, are represented in fig. 13—17.

As is clear in fig. 9, use of two-stage technology (3) al-
lows to increase the product yield compared to the one-
stage thermal cooligomerization (1) at two times less over-
all duration of the process (3 h. vs. 6 h.). Catalytic stage
allows to achieve total conversion of the monomers, that is
impossible in thermal cooligomerization. Colour of the HR,
obtained by two-stage method (fig. 14 (3)), is far better,
than in case of catalytic cooligomerization (fig. 14 (6)) at
almost the same yield (fig. 13). The results of catalytic coo-
ligomerization, carried out at the second stage conditions
(5), indicates that essential reduction of colour cannot be
achieved just changing the catalytic process conditions (by
reducing catalyst concentration and process duration) (fig.
14 (5)). Only combination of two technologies allows
achieving desirable effect. In case of the catalyst deactiva-
tion by propylene oxide (4) colour of two-stage cooli-
gomerization product is even better, than in case of thermal
cooligomerization (1).

Average molecular weight and softening point of HR,
obtained by the two-stage process (3—4), are almost the
same, as in thermal cooligomerization (1), but lower, than
in catalytic cooligomerization (fig. 11-12 (6)).

During catalytic cooligomerization DCPD reacts only
by the scheme given in fig. 5 (1). High concentration (2,5
wt. %) of the catalyst in catalytic cooligomerization (6) fa-
cilitates DCPD cooligomerization by both double bonds,
resulting in branched and cross-linked structures formation
(fig. 13).

At low concentration of the catalyst (5) such processes
are very unlikely to occur, and molecular weight and sof-
tening point of the cooligomer, that is why, are lower (fig.
11-12 (5)).

Bromine number of HR produced by different methods
are rather close, but we can state, that it is higher for cooli-
gomers produced by the two-stage method (3, 4) compared
to BN of cooligomers produced by thermal method (1, 2).
This is related to the differences in DCPD oligomerization
mechanism in case of thermal (fig. 9) and catalytic method
(fig. 5 (1)), which have been described above. In the cata-
lytic cooligomerization more unsaturated product should be
formed (fig. 5 (1)). But this is observed for the process with
low catalyst concentration only (fig. 18 (5)). And in optimal
conditions of the catalytic cooligomerization (6) bromine
number is, on the contrary, lower. This fact confirms the
supposition about DCPD cooligomerization by both double
bonds (fig. 13). Bromine number of the cooligomer, ob-
tained by the two-stage method with catalyst deactivation

STy

Fig. 13. Branched and cross-linked structures formation at DCPD cooligomerization by both double bonds
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o 65 Under these conditions HR yield is 64,4 wt. %, its col-
g 60 our — 100 mg 1,/100 ml, average molecular weight — 550,
= softening point — 357 K and bromine number — 61,0 g
& 55 Br,/100 g These characteristics completely satisfy the re-
2 o quirements of the standard TU U 6-05743160.020-99 for
X hydrocarbon resins for paint-and-varnish industry.
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Fig. 14. HR bromine number depending on production
method

(4), is lower, than in case of the process without deactiva-
tion (3). This indicates, that propylene oxide reacts not only
with aluminium chloride, but with double bonds of the coo-
ligomer as well, and enters the final product composition.

4. Conclusion

The suggested two-stage technology of HR production
from C, fraction, where first stage is thermal and the second
one is catalytic cooligomerization, allows to obtain product
with high yield and good properties. This technology al-
lows to achieve higher yield compared to the thermal
method and to lower the overall process duration. Com-
pared to the catalytic method, the two-stage technology
allows to get cooligomeric product with much lighter col-
our at almost the same yield. It also enables to five times
decrease specific catalyst consumption at the same overall
process duration.

The catalyst deactivation by propylene oxide is favour-
able, as it results in colour improvement and yield increase.

The optimal conditions of suggested method are as fol-
lows:

Stage I: T =573 K, duration — 2 h.; Stage II: catalyst —
AICl;, Cee = 0,5 wt. %, T =353 K, duration — 1 h.; the cata-
lyst deactivation by propylene oxide at molar ratio
AICIy/PO=1/5, T =353 K, duration— 0,5 h.
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TEPMUYECKU-KATAIUTHYECKHAM CII0CO00M
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Hayuonanvnwi ynueepcumem “Jlososckas nonumexuuxa”,
Yrpauna, 79013 Jlveos, y1. C. banoepol, 12, men.: 863-80-64

Hccnenosan mporiece moirydeHnst KOoMMroMepoB 13 (pakury Co KHIKHUX TPOXYKTOB MTHPOIH3a
JIW3EIIBHOrO TOTUTMBA JBYXCTa/IMHHBIM TEPMHUUECKH-KATATUTHYECKIM CIOCOOOM. Y CTAaHOBIJIEHO
BIIVSIHHE TIPOJIOJDKUTEIBHOCTH M TEMITEPaTyphbl KOOIMTOMEPH3ALIHH, TIPUPOB! N KOHIICHTPALH
KaTaJi3aropa Ha BBIXOZ M (PUBMKO-XMMHYECKHE CBOMCTBA KOOJIMIOMEPOB. Y CTAaHOBJICHBI OITH-
MaJIbHBIE YCJIOBHSI KOOIMTOMEPH3ALHH, MTO3BOILIONINE TIOTy4aTh MPOAYKT ¢ BbIxonoM 64,4 %
Macc., KoTopblit cootBercTByeT TY VY 6-05743160.020-99 Ha cMmoiy HedTeHOMMMEPHYIO [UTs J1a-
KOKpPACOYHOM IPOMBIIUIEHHOCTH.

OT1puManHa KooJiromepis i3 ppakuii Cy
ABOCTAXIMHUM TEPMIYHO-KATATITHYHAM CIIOCOO0M
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’
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JlocitipkeHo nporiec OTpuMaHHS KoostiroMepis i3 ¢pakiii Co piKnX MPOAYKTIB Mipoi3y An3e-
JIGHOTO TAJINBA JIBOCTAiIHHIM TEPMIYHO-KATAIITHIHUM CIIOCOOOM. BCTaHOBIICHO BIUIMB TpH-
BAJIOCTI Ta TEMITEpPATypH KOOJiroMepu3arlii, pUpOIM Ta KOHIIEHTpAIlii KaTai3aTopa Ha BUXI] i
(i3MKO-XIMIYHI BIIACTHBOCTI KOOJIIroMepiB. BcTaHOBIIEHO ONTUMAaITbHI YMOBH KOOJTIrOMepH3a-
i, sIKi /JO3BOJSIIOTH OTPUMYBATH IPOAYKT i3 BuxomoMm 644 % wmac., SIKM BiATIOBIIAE
TY Y 6-05743160.020-99 Ha cMory HadomommMepHy Ui JIakoghapOOBOL IPOMUCIIOBOCTI.
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Work is devoted to study of the effect of two-

and three-component catalytic systems of cobalt

naphthenate at liquid-phase homogeneous catalytic oxidation of cyclohexane. The dependences of
the process speed and quality of products accumulation from the composition of the catalytic sys-
tem were determined. Article also contains comparison of impact on process depending on differ-

ent structure of catalyst.

Introduction

Processes of catalytic hydrocarbons oxidation are
widely used in industry of organic synthesis. One of such
processes is homogeneous catalytic oxidation of cyclohex-
ane (CH) to cyclohexanone (CHN) and cyclohexanol
(CHL), which is conducted in presence of metals of vari-
able valency(MVV). Organic modifiers of different nature
are used for improving of process indexes (convertion and
selectivity) [1] and their effect appears after accumulation
of oxidation products in the reaction mixture.

Previous studies have shown that the addition of alco-
hols to industrial cobalt naphthenate catalyst (NC) has posi-
tive effect on the oxidation of CH. Quantitative measure-
ments of this effect depends on the structure of alcohol
(chain length and the number of OH-groups) [2]. It was
found that from a technological point of view, the best re-
sults are observed with monoatomic alcohols [2]. With this
in mind, organic modifiers of different nature combined

9

with pre-created binary catalytic system NC + ethanol (ET)
has become the object of research. Influence of three-
component catalytic systems consisting from [NC+ET] and
organic additives — polyethylene glycol (PEG with M ~
400), glycine (GL) and aminesulfonic acid (AS) at catalytic
CH oxidation were analyzed.
Experimental part
Investigation of the influence of catalytic systems for
homogeneous catalytic oxidation of CH was carried out in
a reactor of bubbling type (Fig. 1) under temperature T =
413 K and pressure P = 10 atm. Technical oxygen was used
as oxidant. The concentration of the catalytic system was
chosen with reference to previous studies where was found
optimum catalyst content — 5x10~* mol/1 [3].
Samples were taken in containers with previously
amended isopropyl alcohol, for homogenization of samples
and dissolution of adipic acid, which is formed in large
numbers with increase of cyclohexane conversion degree.

8 into the atmosphere
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Figure 1. Autoclave plant for cyclohexane oxidation: 1 — oxygen cylinder, 2 — reducer, 3,7,8 — valves, 4 — control equipment, 5 — re-
actor for cyclohexane oxidation, 6 — shell-and-tube heat exchanger, 9 — pressure gauge, 10 — differential pressure gauge for the oxygen

cost measuring, 11 —magnetic mixer, 12 — capillary for oxygen, 13 —

thermocouple.
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Table 1. Indicators of cyclohexane oxidation at conversion value X =2 %, X=4 %, T=413 K, P =1,0 MPa, Cxc. =5,0- 10™ mol/1

Catalyst \ S(HPCH*), % \ S(A), % \ S(ES), % \ S(CHL), % \ S(CHN), % \ [CHL/CHN] \ W, mol/l's
Conversion X ~ 2 %

NC 2,11 1584 0,00 36,70 2535 1,45 1,11-10°

[NCH+ET] 23,77 1902 0,00 36,43 20,78 1,75 1,12:10°
Conversion X ~ 4 %

NC 10,32 22,01 5,90 37,26 24,52 1,52 2,11-10™

[NC+ET] 10,82 21,85 0,00 042 24,90 1,70 589-10™

*: W—speed of CH consumption mol/(1-s)

Concentration of following substances in oxydate: hy-
droperoxide of cyclohexyle (HPCH), dicarboxylic acids
(A) (in terms of adipic acid) and esters (ES) (on dicyclo-
hexyl adypinate was determined by titration method of
analysis. The content of cyclohexanol (CHL) and cyclo-
hexanone (CHN) were determined chromatographically.

Results and analysis

During analysis of the experimental data we were inter-
ested primarily in the process indicators under CH conver-
sion (X) close to 2 % and 4 %. X =2 % was chosen due to
the fact that this critical conversion, in which it is possible
to observe the practical effect of the catalytic process; value
of X =4 % is close to the parameters of the industrial proc-
ess of cyclohexane oxidation. The results of studies on the
effect of three-component catalytic systems were compared
with the industrial catalyst NC (Table 1).

As can be seen from the data, the use of ethanol as part
of a binary catalyst system [NC + ET] leads to an increase
in selectivity for CHL (as X ~ 4 %), and to increase of ratio
value CHL / CHN at both stages of oxidation. The binary
catalyst system significantly increases the rate of CH con-
sumption in the second stage of the process. Also the pres-
ence of [NC + ET] excludes esters from cyclohexane oxi-
dation products and reduces the acid content in oxydate.

Effects of ethanol usage in the ternary catalytic systems
depend on the properties of organic additives (Table 2).

The use of ethanol as part of three-component systems
is significantly different from the effect on individual CN, —
selectivity for acids increases, selectivity for esters and al-
cohols decreases, the rate of oxidation decreases as well.
More quantitative effect was obtained during usage of etha-

nol in the catalytic system containing glycine.

Discussion

Obtained data showed that the use of alcohol (for ex-
ample ethanol) as additive to the homogeneous catalysts
leads to changes in both — their activity and selectivity in
their action. Various qualitative effect of ethanol on indi-
vidual CN and binary catalytic systems suggests that alco-
hol not only affects the intermediate radicals formed during
oxidation, but also takes part in the formation of the actual
catalytic complexes.

Previous studies have shown that the effect of organic
modifiers is connected primarily to their participation in the
creation of catalytic complexes [4]. This correlates with the
literature data and the ability to create complexes with met-
als [5]. For glycine example, the structure of the catalytic
complex might look like this (Figure 2, 3).

0

ey

H;C’""CIH‘ H’C\CH;

Figure 2. Predicted intermediate complex NC + GL

Table 2. Indicators of cyclohexane oxidation in presence of binary and ternary catalytic systems at conversion value

X=2%,X=4% (T=413 K, P=1,0 MPa, Cxc. =5,0-10"* mol/l)

Catalyst ‘ S(HPCH*), % ‘ S(A), %| S(ES), % | S(CHL),% | S(CHN), % [CHL/CHN] ‘ W, mol/(Is)
Conversion X ~ 4 %
NC +AS 9,94 6,21 745 48,88 27,52 1,78 3,03-10°
[NC+ET]+AS 9,03 VAT 602 3443 28,05 1,23 2,09-10™
NC+GL 11,11 417 1667 46,17 21,89 2,11 542:10™
[NC+ET]+GL 11,57 2454 694 3222 24,72 1,30 3,410
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Figure 3. Predicted intermediate complex [NC + ET + GL]

Effectiveness of homogeneous catalysts is related to the
properties of the metal cation. Glycine and ethanol coming
into the catalytic complexes alter the electron density at the
metal cations, which affects both the activity and the stabil-
ity of the intermediate catalytic complexes.

Conclusion

Studies have found different qualitative and quantitative
impact of ethanol additives on individual cobalt naphthen-
ate and binary catalytic systems, due to the different struc-
ture and thus the catalytic activity of intermediate com-
plexes.
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Po3rsHyTO BIUIMB /IBOX- Ta TPHOXKOMITOHEHTHHX KaTAITHYHUX CHUCTEM Ha OCHOBI Ha)TeHaTy
KOOIBTY Ha pIIMHHO(A3HE TOMOTCHHO-KaTAIITHIHE OKWCHEHHS IMKIOrekcaHy. BcraHoBieHo
3aJISKHOCTI MBUAKOCTI T SIKOCTI HAKOIIMYEHHS TIPOIYKTIB Bifl CKIaIy KaTAITUYHOI CHCTEMH Ta
BHKOHAHO ITOPIBHSHHS BIUIVBY KaTaJIi3aTOPIB PI3HOI CTPYKTYpH.
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PaccMoTpeHo BiIUsIHYE IBYX- M TPEXKOMIIOHEHTHBIX KATAJTUTHICCKUX CHCTEM Ha OCHOBE Ha(hTe-
Harta Ko0aJlbTa Ha YKHUIAKO(A3HOE TOMOTreHHO-KATATMTHYECKOE OKUCIICHHE IMKIIOreKcaHa. Y cra-
HOBJICHBI 3aKOHOMEPHOCTH CKOPOCTH M KAQueCTBAa HAKOIUICHUS TPOIYKTOB OT COCTaBa KaTAIHTH-
YeCKOHM CHCTEMBI, a TAKKE BBITOIHEHO CPABHECHUE BITMSTHUS KATATT3aTOPOB Pa3HOH CTPYKTYPEL
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JlocitipkeHo Tporiec nepeaneTatizalii JieTHIaeTaIboTOBOro alb/erity H-OyTHIOBUM CITHD-
toM Ha HY-¢oxaszuri, kucnoraomy ZrO,—-SiO,-okerai Ta cynbhokationiti KY-2.8 y nporou-
HOMy peaktopi. [Tokazano, mo KVY-2.8 € eeKTHBHAM KaTanizaTopoM IHOT0 MpOIiecy: 3a0e3re-
gye 90%-Hy koHBepciro 1,1-mietokcierany nipu 50 °C 3 yrBopeHHsIM 1-eTOKCI-1-OyTOKCieTany

Ta 1,1-mqulyTokcierany.

Po3poOka mporieciB CHHTE3Y €KOMOTIYHO YHCTUX J00a-
BOK JI0 aBTOMOOUTLHOI'O MAJIFHOTO 3 BiTHOBITFOBAHUX TTPH-
POIHHX PEcypciB € OHUM 13 MPIOPUTETHUX HAIMPSMIB Ha-
¢roxiMiuHOI TIpoMucTOBOCTL. B pomni Takux m0o0aBok 3a-
CIYTOBYFOTh Ha yBary aleTai, iX MOXKHa BUKOPHCTOBYBa-
TH SIK JUTS TIBUILICHHST OKTAHOBOT'O YMCia OCH3UHY, TaK 1
TOMINIICHHS BIACTUBOCTEH JU3CIBHOrO MajbHOro [1-7].
Kpim Toro, ameranmi 3acTOCOBYIOTBCS SIK PO3YMHHHUKY,
eMyJIBraTopH, (hIoTOpeareHTH, IIACTU(IKATOPH Pi3HHUX
CMOII 1 TTonmimMepiB [8].

Jierrnarerans onToBoro anbaeriny (1,1-mierokcieran)
CHUHTE3YIOTh 3 OL[TOBOTO aJIBJICTily Ta €TAaHOIY 13 3aCTOCY-
BaHHSM KUCJIOTHUX Katamizatopi [9]. Lle pimiHa 3 mocuTh
pizkuM 3amaxoM (7 = 104 °C), mo odMexye i 3acTocy-
BaHHJ SIK PO3YMHHYKA. J[MOyTHnaneraab OTOBOTO abae-
riny (Tam = 185-187°C) pekoMeHayroTh SK Oe3neqHuit
PO3UMHHUK ISl PI3HUX OpraHiyHnX pedoBuH [10]. Ockiib-
KH 151 peYOBHHA HE PO3UMHSETHCS Y BOMI, il MOKHA edhek-
THBHO BHKOPHCTOBYBATH SIK JOOAaBKY 10 IM3NATIMB a0
OCH3MHIB.

JlnOyTunareraib, sk MPaBUIIO, ONCPKYIOTh B PE3YIIh-
Tari B3aEMOJIii alCTAIBICTIAY 3 HAIUIIKOM OyTaHOIY,
BUXi/I IUTOBOrO MPOAYKTY HpH 1iboMy focsirae 80 % [10].
[HIIIMIM crtocoOoM Hioro crHTE3y MoXe OyTH TIporiec Tepe-
arreranizamnii 1,1-1ieToKcieTaHy, OCKUTbKH BiTOMO, IO i
Yac B3a€MOII] alleTatiB 31 CIMPTAMHU 32 TIEBHUX YMOB BijI-
OyBaeTbCs 0OMIH CIIMPTOBMMH pajukaiamu [8]. B it po-
0OTI TpENCTAaBICHO pE3yABTaTH TepearieTam3amnii 1,1-
TieTOKCieTaHy H-OyTaHOJIOM Ha KUCJIOTHHX KaTajli3aTopax.

Marepiasu i MeTou J0CTITKEHHS

Pearenramu ciyryBam 1,1-mietokcieran (99 %, Ku-
Tail) Ta #-OyTaHon (x.4.). Ponb KatanizatopiB BimirpaBaiu
TBEp/i KUCIIOTH: ioHooOMiHHA cyibhocmona KY-2.8 (Uep-
kaceke [TAT “Azor”), 3mimanuii okeua ZrO,—SiO,, cuH-
Te30BaHMit 3a MeTogukoro [11], Ta HY-doxaszurt (Si: Al =
=2,6, “Peaxim”, Pocis).

Peaxuito mpoBOAIIIM B IPOTOYHOMY CKIITHOMY PEaKTO-
pi 3 mapoMm KatanizaTopa 06’emom 1,5 cM’ 3a Temreparyp
30-110 °C. Pozuun 1,1-mieTokcietany B #-OyraHoini (Mo-
JIbHE CITIBBITHOIICHHS OyTaHOI : alleTainb = 2—0) mogaBaiu
B PEAKTOp 3a AOMOMOrOI0 IIMpHIeBoro no3atopa (Orion
M361) uepe3 cKIIsIHUIN Karmiisp 3 00’eMHOFO MBUAKICTIO 1—
20 rox .

[pomykT peakuii po3AUUIA METOOOM (paKIiHHOI
TIEPErOHKY, 10 JAJI0 3MOrY BUAUIATH IUTBOBI MPOIYKTH
MPAaKTUYHO 03 JOMIMIOK BHXIIHUX PEYOBUH 1 €TAHOINY.
Binirnany cymim 1,1-mieTokcierany 3 #-OyTaHOIOM ITiCIIst
BIJMOBIIHOTO KOPUTI'YBaHHsI KOHLIGHTpALil BUKOPHUCTOBY-
BaJIM IOBTOPHO.

[ponykTr peakuii aHai3yBaI METOIAMH TA30BOi XPO-
marorpadii (Chrom-5 3 50-MeTpOBOIO KATIUIPHOI KOJIOH-
xor0) Ta “C SIMP criextpockomii (Bruker Avance 400).

Pe3ynbTaTn 1ociiimkeHHs Ta iX 00roBOpeHHs

TekeTypHi ¥ KHCTIOTHI TTapaMeTpH MPOTECTOBAHUX Ka-
TaJi3aTopiB 1 pe3yAbTaTH AOCTIDKEHS iX KaTaiTHIHOI aK-
THBHOCTI B peakuii mepeareraizanii JieTHiIaneTamo oll-
TOBOT'O AJIBJIETILY H-OYTaHOIOM HAaBEIEHO B TAOMMILIL.

3rifHO 3 MPECTABICHUMH Y TAOJHIT TAHUMH, KaTiOHIT

IMapameTtpu karajizatopiB, konBepcisi 1,1-gieTokcierany i cejekruBHicTs yrBopennsi nmpoaykris (C4HyOH : CgH14,0, = 4,

50°C, V=14 rox™)

Karasmizarop Sim Trops Viops Hy [BH], Konsepcis, CeNeKTHBHICTD, MOITb %
M2/ T HM CM3/ T MMOJIB/T % eTmI6yrmaue'Ian}, | [[1/16y1"1/maue'1aﬂ},
KVY-2.8 15 - 2,8 5,6 82 45 55
7rO0-Si0, 390 1,2 0,24 -11,5 84 43 57
HY-¢poxazur 600 0,7 0,3 5,6 62 58 42
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Puc. 1. Konsepcist 1,1-mierokcietany (/), CEIEKTHBHICTH
yrBOpeHHs 1-eTokci-1-Oyrokcierany (2) Ta 1,1-muOyTokcieraHy
(3) 3a piBHEX cmiBBiTHOIICHP H-OyTaHoM : 1,1-mieTokcieTan
(50°C,V=1rox")

KV-2.8 i 3mimannii okcun ZrO,—SiO; 3a 0JHAKOBHX €KC-
MEPUMEHTATFHIX YMOB TPOSBUIIM BHILY €(peKTHBHICTb y
nporeci nepeerepudikamii aneramo, Hbk HY-hoxasur.
Komnsepcis 1,1-mierokcierany mocsirae 82—84 %, npu 1po-
MY CITIBBIIHOIICHHS €TUIOYTHIIALETAIIO i AMOyTHIIamera-
JIFO OLTOBOTO aiberimy, onepskanux Ha KY-2.8 1 ZrO,-
SiO,, cranoButs 0,8 : 1. Crtijx 3a3Ha4MTH, 10 32 IMX YMOB
Ha Kataiizatopi ZrO-Si0O,, Ha BinmiHy Big KY-2.8, yTBO-
protoThest 3a0apBiieHi MoOiuHI npomykra peakuii. Tomy
JUIS ISTANBHININX JIOCII/PKEHb 3raJlaHoro Iporiecy OyIto
o0pano katioHiT KY-2.8.

BrymB  MonbHOrO  CIiBBiAHOIICHHS H-OyTaHon : 1,1-
JIETOKCICTaH Ha KOHBEPCIIO alleTATIO Ta CEICKTUBHICTH
TIEpETBOPEHHS UTIOCTpYE pHC. 1.

Ipu 30inbIIeHHi BMicTy #-OyTaHony 3 2 10 4 MO Ha
MOJTh JTICTHNAIICTAITIO KOHBEPCis 3poctace i3 77 1o 89 %, a
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Puc. 2. Konsepcis 1,1-mierokcietany (/), CEIEKTHBHICTD
yrBOpeHHs 1-eTokci-1-Oyrokcierany (2) Ta 1,1-muOyTokcieraHy
(3) 3a pizaux Temmeparyp peakmii (C,HyOH : CH 4,0, = 4,
V=14rox")
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Puc. 3. Konsepcist qieTrateramo onroBoro asaeriay (/),
CEJIEKTHBHICTh YTBOpEHHS 1-eTokci-1-OyTokcierany (2) ta 1,1-
JmOyToKcieTaHy (3) 3a pi3HEX 00’€MHUX IIBHIKOCTEH Tomadi
BrxiHoOro pozurHy (C4HyOH : CsH140, =4, 50 °C)

ceNeKTUBHICTh 3a 1,1-mibyTokcieranom — i3 37 o 61 %.
[Nonanpme 30UIbIIEHHST BMICTY H-OyTaHONY HENOLUIGHE,
OCKUTBKM BOHO MPAKTHYHO HE BIUIMBAE Ha KOHBEPCIIO Ta
CITIBBITHOIIICHHS TIPOYKTIB (puc. 1).

3riHO 3 pe3y/bTaTaMy EKCIICPUMEHTIB, MiABUILCHHS
Temrieparypu peakuii Bin 50 mo 110 °C Ha BuXiA NpOIyK-
TIB peakii BiumBae He3HauHo (puc. 2). Lle ysromkyeTses 3
JTEpaTYpHUMH JaHUMH [§], 32 SIKUMH KOHCTAHTH PIBHO-
Bary 00OX CTaJiii peakIlii mepeareTani3alli Jieruiamnera-
JIO aJTihaTHUHUM CITUPTOM, 30KpeMa METAHOJIOM, TIPAKTH-
YHO He 3aJIeKaTh Bin Temmneparypyu. OOUIBI cTafii MaroTh
TICPIIINIA TIOPSJIOK 3 areTaieM i OM3bKi eHeprii akTUBaIlii
[8].

PesynbraTit mociimkeHHs BIUIMBY 00’ €MHOI IIBUKOCTI
To/iavi peareHTiB Ha BHXiJI IIUTbOBUX MPOMYKTIB HABEICHO
Ha puc. 3.

3rifHO 3 eKCIEPUMEHTAIBHUMH JJAHUMH, 32 00 €MHUX
IIBHIKOCTEH, MeHImX V = 4 Tox |, IPOIYKTH peaKiii 3a-
0apBIIOIOTHCS BHACIIIOK YTBOPEHHSI HEHACHYEHHUX 10014~
HUX CHIONYK. 32 06°eMHoi mBrKocTi 414 rox ' koHBepcis
nocsirae 82—83 % Tpu MPaKTUYHO HE3MIHHIN CEEeKTHBHO-
CTi 3a AMOyTHIALIETAIeM, Y Mipy MONAIBIIOTO 30UTBIICHHS
mBraKocti 10 20 TOx | I MOKA3HUKH 3HIDKYFOTBCS (pHC.
3). ToMy TIpoIiec JIOLIIBHO MPOBOIMTH 3a 14 Tox ', 1m0
BI/INIOBiIA€ HABAHTAKCHHIO HA Karaiizatop 78 MMOIb
CeH 140/ Tr/ron. Tlicis hpakmiifHOl BiTOHKU HAIIUIIKY
Oyranomy i 3ammky 1,1-mierokcietany (T, = 117 °C)
OTpUMaHoO cyMmim 1-erokci-1-OyTokcierany (MacoBa 4yact-
ka 22 %) Ta 1,1-mibyTokcieTany (MacoBa actka 78 %) 3
TPHEMHUM ECTEPHUM 3aIlax oM.

Binomo [8], 110 nepearieramizailis HAIGKUTB JI0 peak-
il SKi KaTami3yroTbcs npoToHaMu. OCKUTBKH CIIOpiaHe-
HicTb Monekyn 1,1-mieToKcieTaHy o MPOTOHA 3HAYHO BU-
ma (902 xJbx/mMonb), HiX H-Oyranomy (789 k/lx/Monk)
[12], mepury craniro nmepeareraiizatii 3 yTBOPEHHSIM Hpo-
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MDKHOTO KapOEHIEBOTO i0HA alleTAI0 MOKHA TIOJaTH Ta-
KOIO CXEMOIO:

o/ B NN o~/
o HOT N ° H* 0
A\ \—\

OTXKe, IOKA3aHO, 10 KaTioHoOOMIHHA cMoa KY-2.8 €
eeKTMBHIM  KatajizaTopoM mepeaneranmizamii  1,1-
JieTOKcieTaHy H-OyTaHOMOM, SIKUA 3a0e3Meuye KOHBEPCiio
arteramo 90 % 3a 50 °C. Ilpu 1150My yTBOPIOIOTHCS 1-
eTokci-1-0yrokcieran (40 momb %) Ta 1,1-muOyTokcieran
(60 %) 3 MOCUTH BHCOKOI MPOAYKTHBHICTIO — 28 MMOJIb
CsHi50, /Ty /TOI T2 42 MMONB C19H20, / Ty / TOR Bin-
TIOB/THO.
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Iepeaneranusanus 1,1-1u3TOKCHITAHA
H-0YTAHOJIOM HA KHCJIOTHBIX KATAIM3ATOpPaxX

C.U. J/lesuyxan, O.H. Hnvwiuna, B.B. bpeit

HUrnemumym copoyuu u npobnem snoosxonoeuu HAH Ykpaunoi,
Yrpauna, 03164 Kues, yn. I'enepana Haymosa, 13; men.: (044) 452-54-17

W3yden npouecc nepearieTaam3aniy ATHIANETANIS YKCYCHOTO abICIHIA H-OyTHIIOBBIM CITHp-
Tom Ha HY-¢okazure, kucnoraom ZrO,—SiO, okcrze u cynbgokatnornte KY-2.8 B mporounom
peaktope. Ilokazano, uro KVY-2.8 smusiercss 3(p()eKTUBHEIM KATaIM3aTOPOM 3TOTO TIPOIIecca,
obecrieanBaer 90%-to koHBepcHto 1,1-mmrokcnsTana mpu 50 °C ¢ oOpasoBanueM |-3ToKCcH-1-
OyrokcuaTana 1 1,1-mbyTokenaTana.

Transacetalization of 1,1-diethoxyethane
by n-butanol on acidic catalysts

S.1. Levitska, O.1. Inshina, V.V. Brei

Institute of Sorption and Problems of Endoecology, NAS of Ukraine,
13, General Naumov Str., 03164 Kyiv, Ukraine, Tel.: (044) 452-54-17

The process of transacetalization for diethyl aldehyde acetal with n-butyl alcohol over HY-
faujasite, ZrO,—SiO, acid oxide and KU-2.8 sulphocationite in flow reactor has been studied. The
effect of temperature, n-butanol : 1,1-diethoxyethane molar ratio and space velocity on the
conversion of acetal and selectivity of desired products have been investigated. It has been shown
that KU-2.8 cation exchange resin is effective catalyst for this process providing 90 % conversion
of 1,1-diethoxyethane at 50 °C to give 1-ethoxy-1-buthoxyethane and 1,1-dibuthoxyethane.
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Jlocni/pkeHO KIHETHYHI 3aKOHOMIPHOCTI TIPOIeCy OKWCHIOBAJIBHOI JIerifpatarii TpeTOyTHIIOBOrO
CIIMPTY HA 3AI30-TETypP-MOJIO/ICH-OKCHIHOMY KaTajli3aTopi, MPOMOTOBAaHOMY iOHAMH MAarHiio 3
aTOMHIM CITiBBiTHOIIICHHSM aKTUBHHX KomrioHeHTiB Fe : Te : Mo : Mg=1:0,85: 1 : 0,2. [TokazaHo,
1o npoxykTn rimookoro okrcHeHHs1 CO i CO, yTBOPIOIOTHCS M0 HApaJIEIbHOMY MapLIpyTy Ha aKTH-
BHUX LIEHTPax AECTPYKTHBHOI a/1copOLii i300yTiIeHy. 3arporoHOBaHO KIHETUYHI PIBHSHHS, SIKi 3a-
JIOBUJIFHO OIMHCYIOTBH TPOLIECH YTBOPEHHS IJILOBOT'O MPOIYKTY — METAKPOJIEIHY Ta MOOIYHHX TPOJIYK-

1iB—CO, 1 CO.

Teyp-MomiOIeH-OKCHTHI KaTali3aTopy — OJiHI 3 Haid-
e(hEKTHBHIIIMX Y PEAKIIIIX HETOBHOTO OKUCHEHHS Ta OKHC-
HIOBJIBLHOTO JIETIPYBaHHS HIDKYMX ONe(iHiB 10 BIATIOBI-
HUX HEHACUYCHHX AJTBJICTIIIB Ta JTIEHOBHUX BYTJICBOMHIB [1].

HaiiedexruBHinmmM 1 cTabiibHUM Y poOOTi TIpU OKHC-
HeHHi 1300yTuneny (Ib) mo metakponeiny (MA) BUsSBUBCS
3aJTi30—Teyp—MOMiOICH-OKCHIHIN  KaTali3arop, SKUd y
HAaMIBIIPOMUCIIOBUX BHUIPoOYyBaHH:X 3a0e3neuyBaB 90%-
Hy KoHBepcito Ib, 92%-Hy cenekTUBHICTb YTBOpeHHS MA
Ta, HE3BKAKOYM HA HeTlepe0adeHi reperpiBaas 1o 550—
600 °C, 30epiraB KaTaJiTHUHy CTaOUTBHICTE poTsirom 600
rox [2].

OCKUTBKH 1300yTHIIEH BUKOPHCTOBYETHCSI CAMOCTIHHO,
a TAaKOX 3aCTOCOBYETHCA UTsI BUPOOHWIITBA BHCOKOOKTA-
HOBHX JI00aBOK JI0 TIAJIMBA 1 CTae Jenami Je]iiuTHImmMm,
JOLUTBHO BUBYMTH MOXIIMBICTh BHKOPUCTAHHS IHIINX
CUPOBUHHHX JpKeper. 3’CyBajioch, IO JOCIIPKyBaHi Ha-
MH KaTali3aTopy MPHIATHI TAaKOXK ISl OKUCHEHHs [3] Ta
OKHCHIOBAJIBHOI JIeTiipartaltii cruptis [4]. 30kpema, Takoro
CUPOBHHOIO MOXE CIYTYBaTH TpPETHHHHMN OyTHIIOBHIA
cimpt (TBC) — nobiyHmil NPOXYKT BUPOOHMIITBA OKCHIY
NPOMIEHy OKMCHEHHSIM TIPOMUIEHY  TiApONepoOKCHAOM
TperOytmny. [lpore Buxim MA Ha 3amizo-Temyp—
MOJTIOJICH-OKCHAHOMY KaTalli3aTopi HelOCTATHHO BUCOKHIA
[4].

KartanitiuHi BIaCTUBOCTI IILOr0 KaTaii3zaTopa MOYKHa ic-
TOTHO TIOJIIMIIKATH TPOMOTYBaHHSIM 10HAMH JIY>KHUX [5, 6]
Ta JykHO3eMeTbHUX MeTaiB [7-9]. Tlpu okucHIOBaNbHIM
nerigpatanii TBC kpanmx pe3ynbsTaTiB JOCSTHYTO Ha KaTa-
JTi3aToOpi, MPOMOTOBAHOMY ioHamMi Mg, 3 aTOMHHM CITiB-
BiJTHOIIICHHSIM aKTHBHUX KomrioHeHTiB Fe : Te: Mo : Mg =
=1:0,85:1:0,2[8].

V miif po0oTi IOCHIHKEHO KIHETUYHI 3aKOHOMIPHOCTI
TPOLIECY Ha 3raJjaHOMy KaTali3aTopi.

Marepiasu i MeTo J0CTITKEHHSA

Karanizaropu BUrOTOBILSIIN 32 METOAMKOIO, OMMCAHOIO
B mpatii [12], Ta aktuByBamm ix 3a 673 K cyminmmo TEC
(00’emHa yacTka 5 %) 3 TOBITPSIM 10 TOCSTHEHHS CTaJIOl
AKTHUBHOCTI.

Kinernky oxuchioBanbHOI nerigparanii TBC  mocoi-
IDKYBaJId MIKpOIMITYJIbCHIM METOIOM Y Au(epeHItianb-
HOMY PEaKTOpi MOBHOTO 3MIIIyBaHHS 3 BiOPO3PIHKEHHIM
mapy Karaiizaropa [10]. Peakropom crmyrysana TpyOka 3
HepykaBitoyoi ctaii (dy, = 5 MM, £ =20 cm), B 5Ky Ha ciT4a-
CTy PEILITKY BMILIyBaIM LIAp KaTajli3aropa 3 pO3MipoM
3epeH 1,0—1,5 mM. PeakTop nprieiHyBamm 10 MEXaHIYHOTO
eIeKTpoBiOparopa 3 yactororo S0 [ Ta aMITTiTyI0r KO-
ymmBab 2-10 Mm. [Ipy poMy 00’eM 1mapy katamizaropa
30UTBIIYBaBCS y 2—3 pasH, 110 3a0e3neuyBaio BiCyTHICTh
TpallieHTIB KOHIEHTpalii Ta Temmneparypu. [lonepeaHiMu
JIOCHIIAMF BCTAHOBJICHO, 10 32 TAKUX YMOB PEaKIlisl Bill-
OyBa€THCS Y KIHETHYHOMY PEKHMI.

HasBHicTh y crcTeMi IBOX IIECTUXOJOBUX Ta OIHOIO
YOTUPHXOJOBOT0 KPaHiB JaBaja 3MOr'y BKITIOYAaTH PEAKTOP
B 1otk ra3y-Hocis (He = 2,4 1/rop), 110 Haaxoms B aHa-
JiTHUHY crcreMy xpomatorpada “Liger-100”. ITicnst mporo
3a JOMOMOrOI0 KpaHa-703aTopa B PEaKTOp BBOOWIM iM-
MyIIbC PeaKIiiHoOi cymimt 06’emoM 5,5 cm’. CrieliaabHu-
MH JIOCHTIaMU BCTAHOBJIEHO, IO (hopMa iMITyJbCY Ha BH-
XO7i 3 peaKTopa OMM3bKa 0 MPSMOKYTHOL

JIist KiTBKICHOrO aHaili3y MPOMYKTIB peakwii ra3oBuit
TOTIK Tiepen XpomarorpadoM po3aissuM Ha ABi piBHI Yac-
THHH. B omHOMY 3 OTpHMaHHX MOTOKIB XpoMaTorpagpiaHo
BI3Ha4aM MA Ta iHIII KICHEBMICHI CIIONTYKH, B HILIOMY —
CO,, N, O,, CO [6]. 3acrocyBanm MeTON aOCOMFOTHOTO
kastiopyBanHs. [licist 3aBepieHHs aHami3y AOCHTIA TOBTO-
proBamm. IloxuOka BU3HAYEHHS MIBUAKOCTEH YTBOPEHHS
MPOIYKTiB OKUCHEHHS nepeBuiyBaa + 10 % BinH.
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Ockinpku Katamizatopu Fe-Te-Mo-O icrotHO 3Mi-
HIOIOTh KaTaJITHYHI BIACTHUBOCTI I BIOHOBIIFOBAJILHOIO
JIER0 CepeNoBHINa, a 3a criBBimHOmMEeHHs O, : b < 4 ix ak-
THBHICTh Ta CEJICKTUBHICTh 3MEHINYIOThCA [11], KiHETHKY
OKHCHIOBAJIGHOI JleriipaTallii TpeTOyTaHOIy BHBYAIH 32
BiJITIOBITHOTO HAJYTHINKY KHMCHIO. JlOCITIPKEHHS IPOBOIH-
mm ipu 623, 643 1 663 K, TpuBaIticTe KOHTaKTy CTaHOBUJIA
0,6-3,3c.

Pe3ynbTaTn 1ociiimkeHb Ta ix 00roBopeHHs

OxkucHroBaibHa aeriapararis TBC noeanye mocminos-
Hi craii gerinpararti crmpry 1o Ib Ta okvicHeHHst ocTaH-
Hboro 710 MA. 3rimno 3 manumu nipatti [4], yxxe npu 523 K
Ha jociimKyBaHoMy KaTanizatopi ThC minmaeTses moBHii
nerigparauii 10 Ib, ToMy KiHeTHKa TIPOLIECY OKHCHIOBAJIb-
HOI Jierimparaiiii BU3HAYAEThCS TOBLIBHIIIOW CTAIE0
OKHCHEHHS 1300y THIICHY.

ExcniepyiMeHTAITBHI aH1 100 KIHETHKU TIepediry J1o-
CIiKyBaHOTO Tiporiecy npu 623, 643 1 663 K naBeneno B
Tabm. 1. KpiM 0CHOBHOTO IPOIYKTY HEMTOBHOIO OKHCHEHHS
— METAKpOJIEiHY — YTBOPIOIOTHCS TAKOK TPOIYKTH TIOBHO-
ro okucHeHHs — CO, i CO. BoHr MOXYTh YTBOPIOBATHCh
Ha IIeHTpax CHJIBHOI JeCTPYKTHBHOI aicopOuii sik 3 Ib, Tak
13 MA. ODxe, MOKHA TIPHITYCTUTH, IO MPOAYKTH MOBHO-
T'O OKHICHEHHSI YTBOPIOIOTHCS 32 MapaJIebHO-IIOCIIOBHOIO
CXEMOIO:

I 4
Ib -»MA — CO,+CO.

o0 oOWiHUTK pPONb MOCTIZOBHOrO MapLIpyTy YTBO-
pernst CO i CO,, npoBeneHO OKUCHEHHS MA 3a yMOB,
AHAJIONYHUX OKWCHIOBaJIBHIH nerinpatanii ThC. Otpruma-
Hi pe3ysbTaTd HaBeleHO Ha puc. 1. BiH imoctpye 3anex-
HOCTi cymapHoi mBuakocTi yrBopeHnst CO, + CO Big
koHireHTpartii [b Ta MA mpu iX OKUCHEHHI 32 aHAJIOT TYHHX
yMoOB. Sk 6aunmMo, B TeMIiepaTypHOMY iHTepBaiti 623—663
K mBuzakicTs yTBOpEHHSI IPOAYKTIB TOBHOI'O OKMCHEHHS 3
MA nprGnm3HO B 2,5 pa3u MeHIIa, Hik npy okucHeHHi b
B npHCyTHOCTI MA, 110 YTBOPIOETBCS TIpH IbOMY. [loTpi-
OHO TaKOX BpaxoBYyBaTH, o npu okucHeHHi ThC i300y-
THIJIEH KOHKYpye 3 MA 3a aKkTUBHI HEHTPH KaTaJiTHYHOI
TIOBEPXEHi, IO I1e OUIbIle 3HWKYE MOXIIMBICTH JTOOKHC-
HeHHsI MA. OTxe, MO)KHA BBaXKATH, L0 POJIb TOCTIOBHO-
TO MapupyTy OTPUMAHHS MPOAYKTIB TIOBHOIO OKMCHEHHS
HE3HAYHa 1 BOHU YTBOPIOIOTHCS B OCHOBHOMY Oe3rocepes-
HE0 3 Ib Ha KaTtanmiTHYHMX LEHTpax HOro AeCTPyKTUBHOL
ancopOuii. Llell BUCHOBOK Y3rOmMKYETBCA 3 Pe3yNIbTaTaMy
YUCIICHHUX JIOCITIDKEHb, 3T1THO 3 SIKUMH MPOIYKTH MapLii-
AJIBHOTO 1 JIECTPYKTHBHOTO OKWUCHEHHS oreiHiB (opMy-
IOTBCSl Ha PI3HUX AKTHBHUX LIEHTpax KartaiizaTopa [15].
MoxHa BBa)KaTH JOBEJCHHM, II0 MPOXYKTH HETOBHOIO
OKVICHEHHS YTBOPIOIOTHCSL B Pe3YJIbTaTi B3a€EMOIii aacop-
OOBaHMX Ha TOBEPXHI KaTajizaropa MOJEKyNl onediHy i
kucHio [1]. Crapii BiTHOBIICHHS i1 PEOKUCHEHHST aKTHBHUX
LIEHTPIB MOXKYTh OyTH B3a€MO3B’SI3aHUMH 1 BIUTHBATH OJTHA
Ha omHy [13], mpore cyTh CTamifHOrO MEXaHi3My 3aJIvIla-
€TbCS. HE3MIHHOLO.

Omxke, ipu OKMCHIOBaNIBHIN jerifparanii THC Bu3Ha-

=
tn

&
=

2

£
w

Wenieo (100, MO nibiM 2+ ¢

0.2

0.1

0.0

00 05 10 L5 20 25 30 35
C-10° ,Momp/1
Puc. 1. 3anexHicts cymaproi mmBuakocti yrBopensst CO i
CO, Bin xoHUeHTpaii i300yTHeHy npu okucHenHi ThC (7, 2, 3)
1 xoHueHTpatii MA (4, 5, 6) npu toro okucHenHi (/, 4 — 663 K;
2,5-643K; 3,6 623 K;1=1,25 ¢; Co,= 13,3-10 " momms/m)

YaNBHOIO CTafielo yTBopeHHsT MA € Bzaemomist ancop0o-
BaHWX HA aKTUBHUX IIEHTPaX KATATITUYHOI TIOBEPXHI MO-
nexyn b i kucHro, 11e# mpolec MOYKHA OMKCATH BiIOMUAM
piBHsHHEAM Mapca—Ban Kpesenena, npupataumM st cra-
JIHHOT CXeMH KaTATITHYHUX TporieciB [14]:
MA MA
_ kl 'CIB 'kz 'C02
MA™ T MA MA >
kl 'CIB+k2 'C02

ne Wya — LIBHIKICTH YTBOPEHHS METaKpoOJEiHy,

(1)

2 N. 1,.MA MA .
monb/(Mmc); k;°, Kk, — KOHCTaHTH LIBHAKOCTEH CTa-
Tl BiTHOBJICHHS 1 PEOKUCHEHHSI aKTUBHUX IICHTPIB ITOBE-
pxHi Karanizaropa; Cig, Co2 — CTalioHapHI KOHIICHTpPa-
il 1300yTHJIEHY Ta KUCHIO B PEaKIiiHi{ 30Hi, MOJB/I.

3a3HadyeHi KOHCTaHTH BH3HAYAIM TpadoaHATITHIHUM
METOJIOM 3 JTiHiHHOI popmu piBHsHHSA (1):

Co, 1 1 G,

MA MA
W K© KT Gy
3a HaBeneHUMH B TabMI. 1 eKcriepuMeHTAIEHUMU KiHe-
C
0,

@

y Co
THUYHUMHA JaHUMU U 3aJICKHOCTSIMU 2 — f( ) 00un-

MA CIB
cmeno k' i k)" 3a pisaux Temmeparyp (Ta6m. 2).

Y nocrimkenomy intepsani Temmeparyp k't >k},
TOOTO BU3HAYAJIFHOIO € CTa/Tisi PEOKUCHEHHS BiZIHOBIICHIX
aKTHBHHUX LEHTPIB MapLiaIbHOr0 OKUCHEHHS. ToMy, 1100
3aro0IrTi HaAMIPHOMY BiIHOBJIGHHIO KaTIITHYHOI ITOBe-
PXHi, HEOOXiTHO MIATPUMYBATH B PEAKLiHHIA CyMilli Ha-
JIEXHUHN HaJUTILIOK KUCHIO.

3 TeMrepaTypHUX 3aJIeKHOCTEH KOHCTAHT MIBUAKOCTEH

: MA v MA
BigHosnenHs (k") # peoxuchenns (k, ") axruBHHX
LEHTPIB Karaji3aTopa, HABENCHMX Ha pUC. 2, 3HAHICHO
3HaueHHS KOHCTAaHT PiBHSAHHS AppeHiyca (Tao. 3).
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Tabmums 1. KineTnka okMCHIOBAJIBHOI AeriapaTanii TpeToyTHiI0OBOro cnupty Ha Fe-Te-Mo—Mg—O-karamnizaropi
(Mg : Mo = 0,2; Vior = 0,56 cm’/c; Vimn = 5,5 em’; Snur = 1,5 m%/r; 1, = 1,25 ¢)

T, K CrarjioHapHa KOHIIEHTpAILLis, Xi_cas, | Sma W, 10° mosb/ (M2~c)
(Momnb/m)- 10° % .
O, |i-C4Hg| MA | CO, CO % MA CO, CoO
EKC PO3P EKC PO3P EKC PO3P

13,3 2,78 0,62 0,129 0,0603 194 930 0,58 056 0,12 0,117 0,056 0,054
13,7 1,76 047 0,108 0,0560 22,5 920 044 045 0,10 0,106 0,052 0,051

623 13,8 1,14 0,38 0,097 0,0485 26,7 91,3 035 0,34 0,09 0,088 0,045 0,046
14,0 0,62 0,24 0,065 0,0431 30,1 899 022 0,21 0,06 0,063 0,040 0,037
142 047 0,17 0,048 0,0377 289 89,0 0,16 0,17 0,045 0,053 0,035 0,033
134 2,82 097 0226 0,109 272 920 09 089 0,210 0,220 0,101 0,098
13,6 1,70 0,68 0,204 0,097 30,8 90,1 0,63 064 0,19 0,186 0,090 0,089

643 139 091 044 0,156 0,076 354 884 041 039 0,145 0,140 0,071 0,074
140 045 0,22 0,08 0,054 362 863 020 021 0,079 0,088 0,050 0,052
14,1 031 0,17 0,074 0,045 392 851 0,16 0,15 0,069 0,066 0,042 0,042
243 2,80 1,62 0,76 0,34 40,3 855 1,50 1,44 0,71 0,70 0,32 0,31
18,2 2,70 1,49 0,57 0,26 38,6 87,8 1,38 1,32 053 052 024 0,23
132 290 145 038 0,19 354 91,0 1,34 1,28 035 038 0,17 0,17

663 7,99 246 1223 026 0,13 350 92,7 1,14 1,00 024 022 0,12 0,10
134 1,61 085 035 0,17 37,8 86,7 0,80 0,82 0,32 0,31 0,16 0,15
13,7 0,85 0,50 0,29 0,14 41,7 823 046 048 026 022 0,13 0,11
139 040 025 0,17 0,084 439 79,7 023 024 0,16 0,14 0,08 0,075
140 0,22 0,14 0,098 0,049 445 792 0,13 0,13 0,09 0,08 0,05 0,049

Ipumimxa. EKC — excnepument, PO3P — po3paxyHok

3 ypaxyBaHHAM 1MX JaHUX piBHAHHA (1) HaOymo Bu- kb.-C..C
TIISITY: W i 16 0, (4)’
3960 14500 1+b,-Cy

_0.25-¢ T .Cp-1,03-10°-¢ :OO-COZ )

3960

0,25-¢ T -Cy+1,03-10°¢ T -C,

PiBasiHHs (3) ageKkBaTHO OMMCYE KIHETUKY YTBOPEHHS
MA 3a okucHOBabHOI nerinpartarnii ThC Ha mocmimke-
HOMY KatautizaTopi (Ta0n. 1). Pi3HuL Mk ekcriepuMeHTa-
JHHAMM 1 PO3PaXyHKOBUMH 3HAYCHHAMU IIBHAKOCTEH
yTBOpeHHs MA B JOCHIIKYBaHOMY [jiara3oHi YyMOB HE
niepeBepuye 10 % BigH.

My BCTaHOBWIIH, IO MPOXYKTH MOBHOTO OKHWCHEHHS
YTBOPIOIOTBCS 32 MAPAIETHHOI0 CXEMOIO BHACIIZOK OKHC-
HeHHs1 Mosiekyn b, ancopboBaHKX Ha LIEHTpax JeCTPYKTH-
BHOI aicop6uii. Ockinbku mist okucHenHst Ib o CO, 1 CO
MOTPIOHHH BiIMOBIHO LIECTH- 1 YOTHPUPA3OBUI HaUIH-
IIOK KHCHIO, BIPOTi/IHIIIMM € TaK 3BaHWH “‘yIapHUN ™~ Mexa
Hi3M Lni-Pinina — B3aemoziis MK IeCTPYKTHBHO aJ1cOpOO0-
BanuM Ib Ta kucHeM 13 razoBoi Qasu. B Takomy Bumagky

MA

e W; — mBukocti yreoperss CO, (Weo,) 1 CO (Weo); ki
— koHcTaHTH 1K KOCTI yTBopeHHS CO; (kco,) 1 CO (kco);
b; — ancopOuiiini koedirientn b mpu yrBopenni CO,
(bcoy) 1CO (beo).

JInst 3HAXODKEHHS KOHCTAHT IHOTO PIBHSHHS 3pY9HO
CKOPHCTATHCh HOr0 JIIHIHHOIO (POPMOFO:

Co 1. 1

= . G
Vvi ki ki'bi'cus )

. Co 1 y
I3 3anexnocTi —= = f(——) 3HaliIEHO 3HAYEHHS 11X
i 16
KOHCTaHT nipu 623, 643, 663 K (Tabm. 2).
3 TemrepaTypHHX 3I©KHOCTEH LUX BEIMYMH (pHC. 2,
3) BU3HAYCHO KOHCTAHTH PIiBHSIHHA AppeHiyca (Ta0m. 3).
Toni piBHsHHS (4) MOXHA TTOAATH B TAKOMY BUTJISII:
12800 2500

_1,06-10" ¢ T 1635 T -Cy-Cy,

uBuaKicts yrBoperHs CO, Ta CO MoXHa onmcaTé pis- co, 50 ;o (0)
HSHHM [16] 1416,35-¢ T -C,
Tabmurs 2. 3Ha4eHHsS KOHCTAHT Y KiIHeTHYHUX PIBHSHHAX MBWIKOCTei peakuiii yrsopennss MA, CO ta CO,
T.K kM -10° kY -10° kco, 107 kco 10 boy 107 beo 107
623 0,43 0,073 0,0126 0,0048 0,89 2,00
643 0,52 0,180 0,0239 0,0087 0,80 1,58
663 0,63 0,330 0,0435 0,0167 0,72 1,25
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e
-8 T
2

-9

-10 F 3

-11 4

-12

-13 L .
L5 1.55 1.6

1/T-10°
. . MA MA
Puc. 2. JlorapugmiuHa 3a5eXHICTh k] (1), kz ), keo,
(3), takeo (4) Bin I/T

12500 4800

2,49-103-6 T .0,90-¢eT -C,,-C
Weo = 4800 - )

140,90-¢ T -C
[NpuparnicTs piBHAHB (6, 7) 171 ONKCY KIHETUKH yTBO-
PCHHSL TIPOIMYKTIB TIMOOKOr0 OKWCHEHHS ITiTBEPIDKYE
3a[I0BUTbHA 30DKHICTh HaBENEHUX Yy TaOl. | eKkcrepuMeH-

€KC

eKC  :
TaJIbHUX 3HA4YCHb \NYCO2 1 co 3 PO3paxOBaHHMMU 3a U~

MH PIBHSHHSMH.

AHami3 pe3yabTaTiB BUKOHAHMX JOCHTIIKEHb IOKa3aB,
10 Ha ONTHMAIBHOMY 3aJTi30—TeIlyp—-MOJi0AeH-OKCUTHO-
My KaTalizaTropi, Momu(ikoBaHOMY J00AaBKAMH 10HIB Mar-
HIIO 3 aTOMHUM CITiBBiTHOLIEHHSM aKTHBHUX KOMIIOHEHTIB
Fe:Te:Mo:Mg=1:0,85:1:0,2 3a 623-663 K B mpo-
1eci OKUCHIOBaTBHOI jierinparariii ThC moBHicTIO Tiepe-
TBOpIOEThCS Ha 1B, KU miamaeThes MOJaNIBIINM OKHCHIO-
BaJIbHUM TIEPETBOPEHHSIM Ha JIBOX TUIMAX aKTHBHUX
LEHTPIB KaTalliTHIHOI moBepxHi. Ha 1ieHTpax i3 momMipHO0
cutoro azcop6rtii 3 Ib yrBoproeTtbcst MA, a Ha HeHTpax
JEeCTPYKTUBHOI a1cOpOLIii — MPOIYKTH IIOBHOIO OKMCHEHHS
(COTa CO,).

3 miABHILICHHSM TEMIIEpaTypy B 3a3HAYCHOMY IHTEpBa-
JIi CEJIEKTUBHICTh YTBOPEHHA M A 3MEHIITYETHCS HE3HAYHO.

3i 30inbmeHHsM koHneHTpanii 1B Bix 0,2-10_3 bi (o)
2,9-10" MOJIB/11 IBHUAKICTS i CEEKTHBHICTh YTBOPEHHS

Tabunns 3. 3nayeHHs eHepriii akTUBAN|i Ta MepeaeKcno-
HEHUIHUX MHOKHUKIB Y KiHeTHIHUX PiBHAHHSAX (1), (4)

kl(;/iA kl(;/éA kOCOz kOCO bOCOz bOCO
025 | 1,03-10° | 1,06:10% | 2,49-10° | 1635 | 0,903
EMA EMA ECOZ ECO ECOZ ECO
1 2 b, by
JIx/Monb

33000] 120500 | 106400 | 103900 [-20800] —39900

753
741

6.9 F

7
6.7

L0 152 154 156 158 160 162
/T-108

Puc. 3. Jlorapn¢miyHa 3a1exKHICTh a/IcOpOIIHHIX KoediLi-
€HTIB beo, (1) Ta beo (2) Bin 1/T

MA icroTHO 3pocTaroTh. BojHOUAC MiBUITICHHS KOHIICH-
Tpawii kucH:o Bix 8-10 10 25-10° MOIB/1 CripuumHse 3po-
cTaHHs cyMapHoi mBuAKocTi yrBopeHHs CO 1 CO, B 2,9, a
MA nure B 1,3 pasu, M0 MOMITHO 3MEHIIYE CEIICKTHB-
HICTB I[HOT'0 TIPOIIECY.

3anpornoHoBaHi KIHETHYHI PIBHSHHA 33/I0BUIBHO OIMH-
CYIOTh TIepeDir mporecy i MoKyTh OYTH 3aCTOCOBaHi ISt
HOro onTUMIzaliii.
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KuHeTHKAa OKMCIIMTEILHOU AeruapaTanuy TpeToyTaHoiaa
B METAKPOJICHH HA IPOMOTHPOBAHHOM MOHAMM MATHUA
7KeJ1e30-TeJLTYP-MOJIM0/IeH-OKUCHIHOM KAaTaJIu3aTope

E.B. (DeOeeuul, B.M. )Kusueecxuﬁz, O.E. ®eoesu’

! ITososcxuii nayuonanshblil aspapmbiii yHusepcumen,
Yrpauna, 80381 Koexosckuii p-w, Jlbeosckas 0o, [[yonsanui, yi. B. Bewxoeo, 1;
Hayuonanshwiti ynusepcumem “Jlo6o6ckas nomumexmuxa”,
Yrpauna, 79000 Jlveos, y1. Cmenarna banoepot, 12, men.: 258-25-09

HccremoBaHbl KHETHYECKUE 3aKOHOMEPHOCTH TIPOIECca OKMCIUTEEHOM ETHIPATAIHN TPETOY-
THJIOBOTO CIHPTa HA YKEIE30—TELTyP—MOIMOICH-OKCHIHOM KaTaI3aTope MPOMOTHPOBAHHOM
MOHAaM{ MarHus, C aTOMHBIM COOTHOLICHMEM aKTHBHBIX KomrioHeHTOB Fe:Te:Mo: Mg =
=1:0,85:1:0,2. [Nokazano, uro mpomykTs! momHoro okucineHns CO u CO, oOpasyroTes TIo Ia-
paJUIEIEHOMY MapIIpyTy Ha aKTHMBHBIX IEHTpax JECTPYKTMBHOM ajicopOImy M300yTWiIeHa.
[penioxkens! KNHETHYECKUE YpaBHEHHS, YIOBJICTBOPHTEIFHO OIMCHIBAIONIME TPOLECChl 00pa-
30BaHUS LIEJIEBOTO MPOYKTA — METaKpOJIEHHa M TOOOYHBIX rpostykToB — CO, u CO.

Kinetic of the oxidative dehydratation
of tert-butanol into methylacrolein
over iron—tellurium—molybdenum-oxygen
catalist promoted by Mg**-ions

E.V. Fedevich', V.M. Zhyznevsky’, O.E. Fedevich’

'Lviv National Agrarian University
Ukraine, 80381 Zhovkovskiy region, Lvivska area, Dublyany, Volodimir Great Str., 1;
*National University “Lviv Polytechnic”
Ukraine, 79013 Lviv, S. Bandery Str., 12; tel. 258-25-09

The kinetic regularities of oxidative dehydratation process of tert-butyl alcohol over iron—
tellurium—molybdenum—oxygen catalyst promoted by Mg”" ions with atomic proportion of active
components Fe: Te: Mo: Mg=1:0,85:1 : 0,2 were investigated. It was shown that products of
deep oxidation (CO and CO,) form by parallel route on active centers of destructive adsorption of
isobutylene. The kinetic equations describing satisfactory the velocity of forming the main product
—methylacrolein and by-products (CO, CO,) were proposed.



Kamanus u nepmexumusn, 2014, Ne 23

85

YK 661.183.661.128

©2014

N3yyeHue KaTaIMTHYECKUX CBOIICTB
MOAU(PUIIUPOBAHHBIX YIJICH B MOJEIbHbIX PEaAKIIUAX
CHHTE3a U TUAPO0JIM3a CJIOKHBIX 3(PUPOB B KaUeCTBe
TECTOBOI'0 METO/1a HAXO0KIACHUSA I(PPeKTUBHBIX
KATAJIM3AaTOPOB CUHTE3a 0M0IM3eJIbHOI0 TOIJINBA

A.C. @eoopunmiun, C.C. Cmasuyxan

HUrnemumym copoyuu u npobnem snoosxonoeuu HAH Ykpaunoi,
Yxpauna, 03164 Kues, yn. I'enepana Haymosa, 13;
men.: (044) 452-93-28, paxc: (044) 452-93-27; e-mail-ispe@ispe.kiev.ua

W3ydensl 1 npeyiokeHbl MOJIETIBHBIC PEAKIMN KUCIIOTHOTO THIA (3TEpU(UKAIS ¥ THIAPOIH3
CIIOXKHBIX 3(pUPOB), yeKopsiemble MonupHIMpoBaHHBIMH O-, N-, S-, P- yrismMu ¢ pa3sHbIM KoJTide-
CTBOM IIPOTOHOTCHHBIX IPYIII, B KAYECTBE TECTOBBIX ISl HAXOKACHWSI Hanooee 3P (eKTUBHBIX
KaTaIu3aTopoB MPOTOIUTUYECKOr0 CHHTE3a OMOIU3ENBHOIO TOILUIMBA — OMO/M3ENs. Y CTaHOBIIe-
HO, YTO HanOoJiee aKTHBHBIE CHIIBHOKHICIIOTHBIC YITIEPOIHBIC KaTaIM3aTophl B BEIOPAaHHBIX TPO-
1eccax JIydIle BCEro YCKOPSUIH U PEaKIUIO HOTydeH s OUOqU3eIs.

WsBectHO, uto okucnennsie yrmu (OVY) [1] Onaronapst
HAJIMYHIO Ha MX ITOBEPXHOCTH PA3HOOOPA3HBIX KUCIOTHBIX
TPy CriocoOHbI 3(QEKTUBHO YCKOPSITH MHOTHE TIPOTO-
JIUTUYECKUE PEAKLIN KaK B YKUIIKOW, TaK U B apoBoil a-
3ax [1, 2]. OmHUM U3 BaXXHBIX MPOLIECCOB TAKOT'O TUIIA SIB-
JIsIeTcsl KaTaTMTHIecKas: MOAU(UKALINS KUPOBBIX CMecel
[3]. Ona 3axmouaercs: B 3Tepu(pUKaiy CBOOOTHBIX SKHP-
HBIX KHCJIOT IJIMLIEPUHOM, CIIOCOOCTBYET CHMKEHUIO H3-
OBITOYHOW KHCIIOTHOCTH JKHPOB, YXYIIIAIOMIEH HX Kade-
CTBO (KpOME TOro, 0OeCITeurBacT JOMOIHUTEILHOE TTOTY-
YeHHe LEHHBIX KUPOB), U TiepedTeprudrKaiyy cMeceit (00-
MEH pafuKalaMi MEXIy KOMIIOHEHTAMH CMECH TIIHLICPH-
JI0B), YTO COMPOBOXKIACTCS YIYYIIEHHEM WX KayecTBa —
JOCTHTAIOTCS 33/IaHHAs TIACTUYHOCTD, HEOOXOMMAasI KOH-
CHUCTEHIIMS, TeMIlepaTypa IUIaBlIeHus] U Tpodee, KOTOpEIe
COOTBETCTBYIOT TPEOOBAHHUAM XJIeOOTIEKAPHOU, KOHIUTEP-
CKOMH, (hapMarieBTHIECKOH, KOCMETHYECKOH M APYTUX OT-
pacieil TPOMBIIIIIEHHOCTH.

B mocnenaue rompl MOCTOSHHO BO3pacraeT MoTped-
HOCTh B TBEPIBIX KUpPaX HE TOIBKO ISl MUILEBBIX, HO U
TEXHUYECKUX IIeNeld; aKTUBHO Pa3BUBAIOTCS PalOTHI, Ha-
TpaBlicHHbIE HA WCIOJB30BAaHUE PACTHTENBHBIX Macen M
YKUBOTHBIX KUPOB B KAUECTBE OCHOBBI JUISI CO3IAHMS DKO-
JIOr4ecKy O6e30MacHOro MOTOPHOTO TOIUIMBA JJIsl AU3EIb-
HBIX JIBUTaTesei — Onomp3ens [4—7].

Bronu3ens npon3BOIST 13 paCTUTENBHBIX MACceN U JKH-
BOTHBIX KUPOB, B TOM YHCIIE M KHUPOBBIX OTXOJOB, IPO-
HIEANINX TEXHMYECKUH MK Ha MPEANPUATHSIX MHILEBON
MPOMBIIUIEHHOCTA. JTO CMECh MOHOAIKWIBHBIX 3(HpOB
BBICOKOMOJIEKYJSIPHBIX JKHPHBIX KHCIOT M METaHOMa, B
HACTOsIIIIee BPEMsl ee MOMy4aroT MyTeM IepesTepuduka-
LMH KUPOB U MAcell METHIIOBBIM WIIM 3TUJIOBBIM CITPTa-

Mu B ipucyTcTBud romorenHbix (NaOH, KOH) mm6o re-
TEPOTCHHBIX KaTaIM3aTopOB (HAIpUMeEp, KUCIIOTHBIX KaTa-
JIM3aTOPOB HA OCHOBE aKTHBHBIX yriei) [7, 8]. O6pasyro-
mecst 3Upbl MEHEE BA3KHE, YeM HCXOIHBIC PACTHUTENb-
HBIE MacJIa, ¥ HE 3aTBEPACBAIOT IIPH OTHOCUTEIFHO HU3KUX
TeMITepaTypax, 4To BaKHO [ OMOIH3EIL.

[pu mompoOHOM HCcrenoBaHNM TpoLiecca KaTaIUTH-
YeCcKO! TepepabOTKH KUPOBBIX CMECE ¢ TOMOIIbI0 Na-
¢dopm OV, 0COOCHHO TEXHUYECKHX, OBLIO 3aMEUEHO, YTO
oTaenbHbIe 00pasupl OY MpOsBIAIOT pa3Hylo KaTaauTHye-
CKyI0 akTUBHOCTH [1-3, 9]. Tak, cornacHo JaHHBIM O KaTa-
JIMTHYECKUX cBoricTBax yrirei (JIOY) yBemuuenue ooiero
KomrdecTtBa mporoHoreHHbIX rpymi (COE) Gnarompusiter-
BYET KaTaJIUTUYeCKOMY JecTBuUIO [9]. OmHaKo oHO3HAY-
Hoit cBs3u MeKy COE 1 ciocoOHOCTBIO YTONBHBIX KOH-
TAKTOB YCKOPSITb PEAKLMH 3TepUPUKALNN U TIepe3TepH-
(HKaLMH JKUPOB HET.

JleiicTBUTENHEHO, O0pasIbl, WMEIOIIME OMHAKOBYIO
OOMEHHYIO eMKOCTb, MPOSIBISIIOT Pa3Hyl0 KaTaJuTHye-
CKYyIO aKTUBHOCTb. BBICOKOH aKTMBHOCTBIO 00najaer o0-
pasel] ¢ CyIIeCTBEHHO MEHBIIIEH EMKOCTBIO.

Panee ormeueno [1, 2], uro misa OY, npUroroBIeHHBIX
W3 OIHOTO M TOT'0 K€ MaTeprana U OKUCIICHHBIX JI0 Pa3HOM
CTENICH! B MICHTUYHBIX YCIIOBHSIX, HAOMIONAETCS POIop-
LMOHATIBHAS 3aBUCHMOCTh KAaTJIMTHYECKOH aKTHBHOCTH B
PCAKINY 3TepPUPUKAITIN KapOOHOBBIX KUCIOT OT OOIIEro
KOJTMYECTBA KHCIIOTHBIX IIEHTPOB. BepostHO, B padore [9]
OBUIH MCCIIENOBAHBI YN OJTHOM OCHOBBI, HO MOMYYEHHEIC
B TIPOMBINIUICHHBIX YCIIOBHSX B Pa3HOC BPEMs, B Pa3HBIX
YCIIOBUSIX OKUCIICHHSL: IPOAODKUTENIEHOCTD SKCIIEPUMEHTA
(#a omrtHOM 3aBone [[THWJIXMU, r. Hwxauit Hosropon,
Poccust), Temmepatypa onbita, CKOPOCTh ABIKECHHUS JIpe-
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BECHOM OCHOBBI 10 TPAHCIIOPTEPY H T.IL.

VYunThIBas NPAKTHYECKYIO BAXKHOCTH MEPEUHCIACHHBIX
MPOLIECCOB, HEOOXOAUMO OBLTO OMpPENENUTh BIUSHUE 00-
IIEro CofiepKaHusl MPOTOHOreHHBIX rpymnm Ha OY omHOro
TPOUCXOXKIEHHSI, OKUCIIEHHBIX OTHUM M TEM K€ OKHUCIH-
TeJeM Ha TIPUMEPE MOJIENIBHBIX PEAKIU dTeprudrKayy (B
JIAHHOM ClTyJae — 3TeprU(UKaiy YKCYCHOW KUCIIOTHI Oy-
TaHOJIOM M I CPAaBHEHMS — THAPOJIN3a TUIIaleTara), B
OIMHAKOBBIX TEMIIEPATypPHBIX W BPEMEHHBIX YCIOBHSIX.
[IpoBeneHHbIE WCCENOBAaHMSA, IO HAIEMy MHEHHIO,
JOJDKHBI TIOMOYB YCTAaHOBHTH, OT YEro 3aBUCHT KaTaj-
THYECKasi aKTHBHOCTb KUCIOTHBIX KaTaJIM3aTOPOB B IPO-
TOJIMTUYECKUX PEAKLMSX, YTO TO3BONUT LIENICHANPABIICH-
HO TIOJXOJUTH K BBIOOPY YITIEPOIHBIX KaTaIU3aTOPOB UL
YCKOpEHHsI TIPAKTUYECKH BayKHBIX MporeccoB. Llemecoos-
Pa3HO KCIIONB30BAHME HECTIOKHBIX MOAEIBHBIX PEaKLIHid
STeprU(UKAIMK ¥ THAPOIN3a — MOKHO JIOBOIBHO OBICTPO
BBIOMpaTh B JAHHOM CEpPUM KHCIOTHBIX KaTAIM3aTOpPOB
HauOoree 3¢ QeKTHBHbIC W B JAJbHEHIIEM MPUMEHSAT,
HanpuMep, B PEaKliy TOro yKe THIa — B CHHTe3e OHom3e-
TISL.

Tem campIM TpemIaraeTcsi HCIONb30BaTh JIOCTATOYHO
XOpOLIO HM3y4YEHHBbIE MPOTONUTHYECKHE PEAKLHH, JIeKa-
IIME B OCHOBE IPOM3BOACTBA OMOIM3EIBHOrO TOILIMBA
(HanpuMep, STEpUPUKALINK SKUPHBIX KHCIIOT), B Ka4eCTBE
Tecta Ha HauOonee >P(eKTHBHBIE KATaIM3aTOPbl B 3TOM
MPOMBIIUIEHHO BaYKHOM ITPOLIECCE.

HccenenoBaHo TOBOMBHO OOMBIIOE KOIMYECTBO 00pas-
LOB YITIEH: W3 TPUPOAHOTO CHIPbS — KOKOCOBOTO Opexa
(Aquacarb 607-C Chemviron Carbon) HCXOIHBINH U OKHC-
neHHbI B 25%-M pactBope HNO; 10 pasHoii obrieid 00-
MEHHOH E€MKOCTH, KOTOPBIH BIIEpPBBIC HCIIONB30BAH B pe-
aKLHH 3TepUPHUKALHL.

Jist cpaBHEHUsI ObUT BBIOpaH CUHTETHYECKHH YTOb U3
¢enonpopmanbaernaHor cmoinsl POY, OKUCIEHHBIH BO3-
JIyXOM JI0 Pa3IM4HbIX creneHed (or 1,3 mo 2,4 r-Moib/T)
[1] u @30THOI KUCIIOTO JI0 pa3HON OOMEHHON EMKOCTH 32
pa3HOe BpeMsl CHHTETMUYECKHMI a30TCOAEpKAIlli yroib
CKHI1,2].

OkwucrieHne yrieil — He eIMHCTBEHHBIN CIIoco0 BBee-
HUSl B MX IIOBEPXHOCTHBIA CJIOH MPUBUTBIX KHCIOTHBIX
rpynmupoBok. [IporonHas GyHKIMOHATM3AIMS TOBEPXHO-
CTH MOXET ObITb IOCTHTHYTa TakKe CYJIb(hHpPOBaHHEM
aKTUBHBIX yryieil (AY) M MHBIX YITIEPOAHBIX MaTepHajioB
(YM) KOHLEHTPHPOBAaHHON CepHON KUCIOTOH (Cynbgho-
yronb) [7, 8] wm ¢ocdopunmpoBannem npu TepMoodpa-
6orke hocdoproit kucmoroi [10-13].

Jiist momydeHnsT TBEpIbIX KHCIOTHBIX KaTAIM3aTOPOB
WCTOJB30BAIM [TOPUCTBIE CUHTETHYECKHE COMOMMMEPHI U
cMOMBI (TpaHyAupoBaHHasT GeHonpopMaTbaAeTUIHAS CMO-
7, AKPWJIOHUTPWIBHBIA M CTHPOIIMBUHMIOCH30IBHBIN
COTONIMMEPHI), a TaroKe APOOJIeHYI0 KOKYpPy KOKOCOBOTO
opexa ¢ pazmepamu rpanyin 0,25-0,50 mm.

HcxomHbie mpomyKThl MoABEpraayd KapOOHHM3AIMH B
WHEPTHOHN Cpefie MpH ONpEAeNCHHBIX TeMIIEpaTypHOM H
BpeMEeHHOM pexxumax. [lomydeHHbIi kKapOOHHU3aT aKTHBH-

poaiu B uneptHOH cperne (CO,, N,), a moToM OKUCIISUIHN:
DAY Bozryxom npu 410 °C B TeueHHEe pa3IUHOro Bpe-
MeHH /10 (POPMHUPOBAHKSI OOpA3llOB C pa3HOM OOMEHHOW
emkocTbio (COE), yrons 607-C obpabaTbiBaiy mpy KUris-
YeHNU Ha BosiHOM OaHe 25%-M pactBopom HNO; Taroke B
Pa3IMYHOM BPEMEHHOM PEKHIME.

W3 axTHBHpOBaHHBIX 00pa30B MOMYdYaId CYAbHHUpPO-
BaHHble SS MO0 (ochopumpoBanHbie yri. B mepsom
cily4ae I TOBEprajiv CyIb(pUPOBaHUIO KOHILIEHTPUPO-
BaHHOW cepHOH kucnoTol npu Temmeparype 180 °C B Te-
yeHre 2 4; coorHomieHue YM : kuciora = 1:10, kak B
paborax [7, 8]. Bo BTopoM ciydae CXOAHBINA KapOOHU3AT
oOpabateBarm (hochOopHOM KHUCTOTOH 10 KO3 uUIeHTa
npormtky 0,9—1,2, BBICYIIMBaIM Ha BO3AYyXE, 3aTeM Ha-
TPEBATIM B CpeZie aproHa MO0 BIAYKHOTO BO3/yXa B TeUe-
uue 0,5 1 mpu 400-900 °C. IMocie TepmMoodpaboTKH 00pa-
3ell OXJIKAAIM B COOTBETCTBYIOLIEH cpezie IO KOMHATHOM
TEMITEpaTyphbl, 3aTeM TLIATEIHHO OTMBIBAIM TOPSTYEH JcC-
THJUTMPOBAaHHOW BOAOH 10 HeNTpanbHOro pH nmpoMBIBHBIX
Boa ¥ BeicymmBamy mipu 100-110 °C, xak ykazaHo B Iy0-
ykarusix [10-12].

B pabore [13] npeacrapieHs! AaHHbBIE O BIMSHUM CTe-
MeHn OKHcleHns] YM Ha TOIBIKHOCTH IPOTOHOB B T10-
BEPXHOCTHBIX (PyHKIMOHATIBHBIX rpymmax ([IPI) OV, 1. e.
Ha UX KUCIOTHOCTh. KBAHTOBO-XMMUYECKUE pacyeTsl yoe-
JUTEIBHO TPOJIEMOHCTPHUPOBAIN YBEINUEHNE MOIBUKHO-
cTH mporoHa (moBbinieHre kucnoTHocTH) [IDI mo mepe
WX HakKoIUIeHUs B KiacTepax. JlokazaHo, 4To KapOOKCHIIb-
HBIC TPYIIIbI, CBSI3aHHBIE C OBEpXHOCTHI0 OY, o0nanaroT
KHUCIIOTHOCTBIO Ha 2-3 mopsiaka OOnbIeid, YeM Te ke
TPYIITUPOBKH Ha KApOOKCUIIBHBIX CMOJIaX.

[NomBrKHOCTH TPOTOHOB HaMOONEe KHUCIBIX KapOOK-
CUIIBHBIX TPYIII B CIy4yae CHIBHOOKHCICHHBIX YIJIeH xa-
pakrepusyercst 3HaueHHsMH pK =~ 1,2—1,5, mmst kapOoK-
cutbHBIX cMon pK = 3,5-4,1 [13]. UsBecteH dakT, 4To Ha
niopepxHocti OY, 00paOOTaHHBIX JTHOOBIMH OKHUCITHTEIIS-
MH, OOHAPYKMBAIOTCSl JIMIIb TPOTOHOTEHHBIE CIA00KH-
CJIOTHBIE TPYNITUPOBKH (DEHONBHOTO THIA M BECbMa KHC-
Jble KapOOKCHJIBHBIE TPYIIIBI (C1ab0- M CHUITBHOKKCIBIE)
[1, 13].

Karamutideckyro akTHBHOCTb YTOJIBHBIX KaTajau3aTo-
POB B pEaKIMH 3TepUPHKALMN OLCHHBAIN MO CTEIEHU
TOCIIEIHEN — YMEHBILICHUIO KOJIMUECTBA YKCYCHOM KHCIIO-
TBI B PEaKIMOHHON CMECH T0CIIE KaTain3a, KOTOpPoe OIpe-
JeMsUT TUTpoBaHUEM 1o ¢enondranenHy [2, 13]. Peak-
LIO TPOBOMIFIIM B CTATHYECKHUX YCJIOBHSAX B KPYIJIOIOH-
HOM peakTope ¢ 00paTHbIM XOMOAMIbHUKOM. [lyis mccre-
JoBaHMsl Opaji CMech KHCJIOTBI C M30BITKOM OyTaHOma
(1 :20), Bpems peakumu cocraBisuio 2 4, T~120 °C, xak u
B pabore [2].

B cratideckux ycIoBHAX HCCIIEIOBaHA TAKKE PEAKIHS
ruapomu3za 0,4 M stunarnerara Ha yKa3aHHBIX BBIIIE yIie-
pomHbIX Katanmuzatopax. O creneHn rHapoin3a STIaLeTa-
Ta CyAWIM IO KOJIMYECTBY 0Opa3OBaBILCHCS B PE3yNbTaTe
PEaKUMK YKCYCHOM KHCTIOTHI (TUTPOBAHKE, KaK U B CIIydae
peakumy 3repudukarii). Bpems peakupn — 2 1, T~98 °C.
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Tabnuna 1. ’KuakoazHslii cuHTe3 OyTIIALETATA HA OKHUCJIEHHBIX BO3XyXoM yriisix @OY pa3Hoii creneHN OKHCJIEHUs

(COE) B H-¢popme u cyabpoxatuonute KY-2 (1151 cpaBHeHmst)

Yrom COE, N-10% 3,% Konnenrparus a¢upa, AKA-10%,
(copOenT) MMonb/T I-MOJIB/JT T-MOJTB/(Y-JT Tzr)
dOY-H; 1,3 7.8 299 0,153 1,31
®OY-H, 1,7 10,2 41,2 0,212 1,39
®OY-H; 2,1 12,6 50,7 0,260 1,38
dOY-H, 24 144 56,1 0,300 1,39
KV-2 3,7 222 96,4 0,495 149

Tpumeuanue. N — KOIMYECTBO aKTUBHBIX LIEHTPOB Ha 1 Ty O — srepudmkammst; AKA — aToMHast KaTalTHIecKast akTHBHOCTb.
3neck 1 B TaOM. 2 U 3: KaT — KaTAI3aTop.

Tabnuna 2. IrepupuKanus yKCyCHOI KHCIOThI OyTAHOIOM M T'HAPOJIN3 dTIIALETATA B *KUIKOI (paze HA MCXOAHBIX YIUISIX
mapok 607-C u CKH, okucyieHHbIX 25%-M pacTBOPOM a30THOM KHUCJIOTHI /10 PA3JIMYHOM CTATU4eCKOoi 00MEeHHOI eMKOCTH

Yronb COE, Oreprudukanys T'unpomis

MMorb/r % W % | W
607-Cpex 0,62 4,6 0,27 1,05 0,05
607-Cogaren 1,7 13,8 0,83 259 1,29
To xe 1,8 10,6 0,62 27,0 1,35
To xe 2,6 18,8 10,83 729 3,064
CKHyx 0,6 - - 3,6 0,19
CKHO 0,8 4,1 0,25 9,0 0,45
To xe 0,88 9,9 0,60 14,0 0,70
“ 1,28 12,6 0,77 21,4 1,07
“ 2,04 19,0 1,14 33,0 2,0

Tpumeuanue. 3nech 1 B Ta01. 3: W — POM3BOAMTENBHOCTD KaTai3aTopa, MMOmb/(J1-4-Tyy,)

Ta6muma 3. Karamm3 peakiun 3TepuuKaniy YKCyCHOH KUCI0THI OyTaHoiioM (ocdopconep:xammmvu yriasvu 607-C, Tep-
M000pa00TAHHBIMH B IIMPOKOM MHTEpPBaJle TeMIepaTyp B aprone u Bosayxe. m = 0,5 r; V =25 mur; T = 120 °C, ucxognas

cMech Kue1ota : crupt = 1 : 20, ucxonnasi koHueHTpaus Kucaotsbl Cy = 0,03 r/mu, JMTe/IbHOCTD ONbITAa — 2 )

[Nokazarens COE, C, KHCIIOTHL, KomuectBo Kucnotsl Oreprudrkanys
MMois/r /M1 Ha PEaKIUIO, I/MII % | W
607-Cyex - 0,0282 0,018 6,0 0,03
607-C-O 1,8 0,0267 0,033 11,0 0,055
O0paboTKa BO3IyXOM ITIPH TEMIIEpaType
400 °C 0,8 0,0241 0,0059 19,7 0,098
500 °C 0,8 0,0231 0,0690 23,0 0,115
600 °C 0,8 0,0183 0,0117 39,0 0,195
700 °C 0,8 0,0180 0,0120 40,0 0,200
800 °C 0,4 0,0159 0,0141 47,0 0,235
900 °C 0,8 0,0153 0,0147 49,0 0,245
O0paboTKa aproHOM IMpH TEMIIEpaType
400 °C 1,2 0,0246 0,054 17,3 0,090
500 °C 1,0 0,0244 0,0056 249 0,093
600 °C 1,3 0,0195 0,0105 33,6 0,175
700 °C L5 0,0185 0,0115 35,0 0,175
800 °C 1,0 0,0211 0,0089 44,0 0,165
900 °C 14 0,0091 0,0209 452 0,235

Tpumeuanue. ucx — UICXOIHBIN

[NomyueHHbIe NaHHBIE IPUBEAEHBI B Ta0m. 1-3.
AKTHBHOCTH KaTajn3aTopa ONPEACIISUIM B IMPOLIEHTAX
MpOpearupoBaBIIei (3TepuduKarms) TMO0 BhIICIUBILICH-
cs (TMAPOIU3) YKCYCHON KUCIIOTBI, JINOO XapaKTepru30BaIH
MPOU3BOIMTENBHOCTEI0 W KaTaizaropa — KOMMYECTBOM

KHCIIOTBI, ONPENIETICHHON B €IMHUILY BPEMEHH Ha SIMHHULIC
Macchl KaTanusaropa, 100 B BUIE aTOMHOM KaTaJlUTHYe-
ckoil axtuBHOCTH (AKA) — paccunThiBaM aKTUBHOCTB
OJHOrO AKTMBHOIO IIEHTpa, HAmpuMep KuciaotHoro H'
(Tabm. 4).
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Tabmuna 4. F'mapomms 3twnanerata (I, %), 3Tepuduka-
sl YKCYCHOH KUCJI0THI OyTanoinom (3, %) u mepedrepu-
(uxanus (I13) pancosoro MacJia (creneHb MpeBpaLLeHHUs],
%) Ha cepycoep:KaImX Yrisx Tuma SS ¢ pasHbIM KOJIH-
YeCTBOM KUCJIOTHBIX TPy

Vrom | COE, T, 9, 113,
MMoms/T | % % %
SS-2* 0,8 7,7 51 65,2
SS-8 12 375 30,2 80,1
SS-6 1.8 649 449 88,5
SS-3 24 66,6 46,0 922
SS-7 2.8 742 511 94,0

* [ompoOHO 00 3THX YIIEIX cM. B pabore [§]

Ha nprmMepe MonenbHBIX peakuuid cuHTe3a OyTHiiate-
Tara v THPOM3a TUIIAlleTaTa MmokazaHo (puc. 1, Taom. 1,
2, 4), uto ¢ poctoM obero komryectsa [1OI" (BemurHbI
cratimdeckolt oomerHoi emxoct COE) karamutuueckas
akTUBHOCTH OV, KaK MPaBUIIO, OBBIIIACTCS.

WHTepecHo 0TMETHTB, YTO Ha BBIOpaHHBIX yrisix 607-C
(Tabn. 2) mpouecc rHApONM3a STIALETaTa MpoTekaeT 0o-
Jiee MIHTEHCHBHO, YeM CHHTE3 CIIOKHOTO dupa (3reprdu-
Karus), pudeM MomuguipoanHbie (Gocopconepxa-
LIME U CYIb(QUPOBaHHBIE) 00pa3Ibl YCKOPSUIM HCCIIenye-
MBIE peaKL HAMHOTO OOJTbIlIe, YeM OKHCIICHHBIE TOU JKe
npupoasl. [lo Hamemy MHEHHUIO, 3TO CBHICTENBLCTBYET O
TOM, YTO Iy OoJiee YCIEIHOrO MPOTEKaHUs MCCIemye-
MBIX MPOTONUTHYECKUX PEAKIMid HeoOXOAMMO OIHOBpE-
MEHHOE HaIM4ue J00aBOK MOMHMO KHCIOpONa Ha Yriie
ere u cepbl 00 Goctopa. Mcxomusbiii sxxe obpazers (Tado.
2, 3), He conepKaIlMii STUX JT00ABOK, ObLT MPAKTHYESCKU
HEAKTUBHBIM B HCCIIEAyEMBIX POLIECCaX.

JleiicTBUTENLHO, CKOPOCTh CHHTE3a OyTHiarierara Ha
okucneHHoM yriie 607-C cocraBmsiia ~ 11 %, Toraa kak
(octhopconeprkarnme yrim tana 607-C Obumt B 4-5 pa3
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Puc. 1. 3aBucumocts ckopocty arepudukarmn (3, %) yK-
cycHOM kucioTel OyraHotoM (1, 2) u rugponmsa STHaneraTa
(T, %) (3, 4) ma yrmsax 607-C (1, 4) u CKHO (2, 3) ot creneHu
nx okucnernst (COE, MMornb/r)

aKTHBHEEe HeMOAN(HUIMPOBAHHBIX TOH e MPUPOIBI — Ha
HHX Pearrpylolye BEIecTBa MPEBPAILATICH B KOHCUHBIH
nponykT yxe Ha 4549 % (tabn. 3). OOBSICHUTB 3TO MOX-
HO YCTaHOBJIEHHO#H B paboTe [12] BbIpayKEeHHOW KHUCIOTHO-
CTBIO MPUBHUTHIX K MOBEPXHOCTH (pocdaTHBIX rpyrmmupo-
Bok P-OH um (=P-O-P =) (OH),, T. €. cunTe3upoBaH-
HBIA HaMH (ocopcopepKal|ii yronb OKa3aics aKTHB-
HBIM KHCJIOTHBIM KaTaJI3aTOPOM.

U3 oxucnennsix obpasuos 607-C u CKHO (puc. 1,
Tabn. 2) B H-hopme Oornee akTHBHBIMU B peakuyu (THAPO-
713) OBUTH YIIIM U3 KOKYPBI KOKOCOBOTO OpeXa; BBEICHHE
K€ aTOMOB a30Ta Ha MOBEPXHOCTH YISl MAJIO BIHSUIO HA UX
KaTaJIMTHYECKYIO0 aKTUBHOCTb B HCCIIEAYEeMBIX MPOTOIH-
THYECKHX PpEAKIMAX B ONIMYME OT OKUCIUTEIBHO-
BOCCTAaHOBUTEBHBIX MPOLIECCOB HA YITISAX 3TOro Tuma [9,
14], tne azorcomeprkanme copoertel CKH mposeism
3aMETHYIO aKTUBHOCTb.

Pezynerathl MpOBEIECHHBIX CPaBHUTEIBHBIX HCCIEHO-
BaHMH KATJIUTHYECKHX CBOMCTB BBIOpPAaHHBIX YIJIeH —
CUJTBHOKUCIIOTHBIX TBEPIBIX KaTAIM3aTOPOB B KHCIOTHO-
OCHOBHBIX MOJIEIBHBIX U UMEIOLIMX MPOMBIILICHHO BaXK-
Hoe 3Ha4yeHue (Taln. 4) yoequmu Hac B TOM, YTO HauOosee
aKTHBHBIC YTIIEPOJHBIC KATAIN3aTOPhl B PEAKLMSX ITEpH-
¢uKamy ¥ TUIPOIM3a MOTYT 3(QPEKTUBHO YCKODPSTH U
peakiuio cuHTe3a Omomm3ens. Peakiuio mepestepuduka-
LMK PaTiCOBOrO Macja, JISKAIILYI0 B OCHOBE MOMYyYECHHUS
OMOIM3EITLHOrO TOTUTNBA, IPOBOJIVIIHN, KakK B padotax [7, 8,
14], B repMeTHYHBIX CTANBHBIX cocyaax nmpu 140-160 °C u
naeienny 10 10 aT™; COOTHOILIEHHE KaTau3aTop : parico-
BOE Macio OObIMHO cocTapsuio 1 : 10, mpomormmKuTens-
HOCTB OIbITa — 56 4.

CreneHp KOHBEPCHH PaTicOBOrO Maciia OMpeeisuiid Me-
TOZIOM BBICOKOA((EKTHBHOI >KMAKOCTHOM XpoMaTorpaduu.
VY nanock 70OUTECS BecbMa BBICOKHX CTEIEHEH IpeBparie-
Hus (o 94 %) Ha cepyconepxkanmx YM Ha OCHOBE CTH-
PONMBHHIIOEH30IBHOTO cortormmepa (SS) (puc. 2). lpo-
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Puc. 2. Conocrabienne ckopoctu srepudmrarm (1), rampo-
TM3a STWIALeTaTa (2) ¥ peakuyy MepesTepr(UKaIIH ParicoBOro
macra (3) (Ipespamienue, %) (CHHTEs GHOMIBEST) Ha CYITBHOHIPO-
BaHHBIX yIVIIX SS pazHoii creneny okvcnenns (COE, MMonsT)
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CMaTpUBaeTCsl SIBHASI MapasuIefbHasi 3aBHCUMOCTb MEOKIY
KaTaJIMTHYECKOM aKTHBHOCTBIO BHIOPAHHBIX 00pasloB C
pasHoii crenensto okucnenus (ot 0,8 mo 2,8 MM/T) B peak-
LUSIX THAPOJM3a ATIVIALETAaTa U STepH(HKALIN YKCYCHOM
KUCIIOTBl OYTaHOJIOM M TIepe3TepU(UKAK PaTiCOBOIO
Macya: Yrolib C BEICOKOH aKTHBHOCTBIO, HAI[pUMEp B CITy-
yae ruapommnsa A0 74,2 %, okazaics caMbIM aKTUBHBIM U B
nporiecce cuHTe3a onommuzens (94,1 %).

B paborte [8] Hamu ObLTa OlICHEHA TIOIBKHOCTH TIPO-
TOHOB B CYJIH()MPOBAHHBIX 00pasuax SS Mo KpHUBBIM IO-
TEHLIIOMETPUUECKOr0 THTPOBAHMS, U3 X0Ia KOTOPBIX YC-
TAHOBJIEHO, YTO KUCIOTHOCTb YIJIeH Imocie CyabpupoBa-
HUA pe3Ko nosblmaercs: yxe npu pH ~ 1,5-2,0 npouncxo-
Ut copOums KaTnoHoB Na'. DTo CBUIETEILCTBYET O Ha-
JUYMM B TIOBEPXHOCTHOM CJIOE MaTepuaia OLIyTHMOIO
KOJIMYECTBA TPYHITMPOBOK C BEChbMa IOJBHKHBIM IPOTO-
HOM (pK, ~ 1,0-1,5).

Takum 00paszoM, B ciTydae nepesTeprUKaly parco-
BOr0 Macla CIpTamMy ObIIO YCTAHOBJIEHO 0CO00E CBOHCT-
BO CHJIbBHOKHCIIOTHBIX (CyNb(pHpoBaHHBIX) YM, a NMEHHO
UX CHOCOOHOCTh KaTaJIM3MPOBAaTh MPOLIECCHl TepeHoca
MPOTOHOB.

[poBeneHHbIE HCCIEOBAHMS TIO3BONSIIOT 3aKITIOUHTD,
YTO HCCIIeAyeMble HAMH MOJIETIbHbIC PEAKIMH KHCIIOTHOTO
Tna (3TepudrKays U THAPOIN3) PEATbHO MOTYT OBITh
TECTOBBIMH Ha HanOoyiee aKTUBHBINA YITIEPOIHBIN KaTalli-
3aTOp MpH THepe3TepU(UKALNN PACTUTENBHBIX )KUPOB — B
CUHTE3€ OMOAM3ENISL.

BuiBoabI

1. TTommydeHs! OKHCTEHHBIE U MOIU(UIMPOBAHHEIE Ce-
poi, GochopoM, a30TOM YIJM PA3TMIHOTO MPOUCKOXKIIC-
HUYS (M3 IPUPOTHOTO U CHHTETUYECKOTO CHIPBsT) B Ka4eCcTBE
TBEP/BIX KUCIOTHBIX KaTaJIM3aTOPOB CHHTE3a U TUIPOIIH3a
CIIOXKHBIX A(HPOB € PasHBIM cozepkaHueM B HuX [1DI
(COE or 0,6 mo 2,8 MMonb/T), a ClIeI0BaTEIbHO, H KH-
CJIOTHOCTBIO.

2. M3ydeHa karanuTH4eckass aKTUBHOCTb CHHTE3HPO-
BaHHBIX YIJIEH B MOJEIBHBIX PEaKLHsAX STepUPUKALIN
YKCYCHOM KHCJIOTBI OyTaHOIOM (HEKOTOphIe M3 HHX WC-
CJIeIOBaHBI B JAHHOW PEAKIMH BIIEPBBIC — YIIM U3 KOXKY-
pbI KokocoBoro opexa 607-C B H-hopme, yrim SS u doc-
(hopconepxarie 00pasiibl ¢ pa3HbIM KOJIMICCTBOM MOJIH-
(urpyroriei 100aBKM), THAPOIN3a YKCYCHOITHIIOBOTO
a¢upa u cuHTe3a OMOIH3EIISL

3. Ilpocnexena cBsi3b MEKAY KaTATUTUYECKON aKTHB-
HocTblo YM u kommdectBoM [IDI' B HMX: yBesmueHHe
conepkanus [IOIT ciocoOCTBYET YCKOPEHUIO HCCIemye-
MbIX peaknmii. HatiieHno, uto saddexriuBHee Bcero mpore-
KaeT Ipolecc THAPOIn3a dpupa Ha BeeX YIIIEpOAHbBIX Ka-
TalM3aTopax Mo CPaBHEHHIO C PEaKIMEH STepru(UKaIym.
MomudunmpoBanHbie cepoid u hocdopom yrimu ObuH 60-
Jiee aKTUBHBI, YeM OKUclIeHHbIe B H-¢opme mommduka-
LWL

4. YCTaHOBIIEHO, YTO HANOOJIEE KATATUTUIECKH aKTHB-
HBIMH  SIBJISTIOTCA  YIJIEPOJHBIC KOHTAKTHI, MPOTOHHYIO
(YHKUMOHAIM3ALMIO KOTOPBIX MPOBOIWIM CYJIb(pUpPOBa-

HHEM CHHTETUYECKOr'0 YIS W3 TIOIMMEPHOT'0 ChIPhS (THMa
SS).

5. ConocTaBlicHHE MX KATAIMTUYCCKONM aKTHBHOCTH B
WCCIICYEMBIX MOJICIBHBIX PEAKIUSIX U B CHHTE3E OMOIH-
3e/151, B OCHOBE KOTOPOr'O JISXKAT MPOIIECChl TiepedTeprdu-
Kallu¥ PAaCTUTEIBHBIX KUPOB, a TaKKe ATEPUPHKAIK
CBOOOIIHBIX KUPHBIX KUCIOT CIHPTAMH, IOKA3aJI0, YTO
JIYYIlIE YTJI B MOJIEIBHBIX MPOTOIMTHYCCKUX PEAKIIUSIX
SIBISTIOTCSL OMHOBPEMEHHO M HanOonee 3PdeKTHBHBIMU B
TIPOM3BOJICTBE OMOH3EITLHOTO TOILTHBA.

6. YCTaHOBIIEHO, YTO IOUCK HauOoIee aKTMBHOIO Ka-
TanM3aTropa B MOJEIBHOM KHCIIOTHO-OCHOBHOM PEaKIM
MMeET OOMBIIIOE MMPAKTUYESCKOE 3HAUCHHE, TAK KAaK MOXKET
CITY’KUTb TeCTOM Ha JTy4IIi onTUMaIbHEI YM B KauecT-
BE KaTaJjM3aTopa CHHTe3a OMOIM3ENsL.
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BuB4YeHHsI KATAJITUHYHUX BJIACTHBOCTEH MOIU(IKOBAHOIO
BYTI'ULJISI B MOJICJIbHUX PEAKUISAX CHHTE3Y i TApoJIi3y
CKJIA/IHUX eCTepiB K TECTOBOI0 METOLY 3HAXO/IKEHHS
e()eKTUBHUX KATAJII3ATOPIB CHHTE3Y 0i0qU3eJIbHOI0 NMAJIUBA
O.C. ®eoopuniun, C.C. Cmasuybka

Inecmumym copbyii ma npoonem endoexonoeii HAH Yipainu,
Yxpaina, 03164 Kuis, éyn. I'enepana Haymosa, 13;
men.: (044) 452-93-28, parc: (044) 452-93-27; e-mail:ispe@ispe.kiev.ua

BuBueHO i 3anpOIIOHOBAHO MOJIENBHI PEAKLii KHCIIOTHOTO THITY (eTepHdiKkariis i TiIpoti3 cKiIa-
HUX €CTEpiB), 10 MPHIIBUIITYIOTECS Moau(pikoBaHuM O-, N-, S-, P- Byrisumsm i3 pi3HOIO KiJIbKic-
TIO IPOTOHOT'€HHUX TPYII SIK TECTOBI ISl 3HAXO/DKEHHS Hale(heKTHBHIIINX KaTajli3aTopiB IpOTo-
JHTAYHOTO CHHTE3Y OlOM3eIbHOrO NaiBa — Oiomizerst. BCTaHOBIIGHO, 1110 HAHAKTHBHIIII CHITH-
HOKHCJIOTHI BYIVICHIEBI KaTali3aTopy y BHOpaHWX Npoliecax HaHKpalle MPHUIIBHIIIYBAINA TaKOX
PEAKITO OTPUMAaHHS 010131,

Study of catalytic properties of the modified coals
in the model reactions of synthesis and hydrolysis
of ethers as a test method of being of effective
catalysts for biodiesel fuel

A.S. Fedorishin, S.S. Stavitskaya

Institute of Sorption and Problems of Endoecology, NAS of Ukraine,
13, Gen. Naumov Str., 03164 Kyiv, Ukraine;
Tel..: (044) 452-93-28, Fax: (044) 452-93-27, e-mail:ispe@ispe.kiev.ua

The model reactions of acid type (esterification and hydrolysis of ethers), accelerated by O-, N-,
S-, P- modified coals with the different amount of protogenic groups, as the test methods of be-
ing of the most effective catalysts of biodiesel synthesis. It is found that the most active strong-
acid carbon catalysts in the chosen processes are the best for the acceleration of the reaction of
biodiesel reception.



Kamanusz u negpmexumusn, 2014, Ne 23

91

YK 661.183.2+541.128.13

©2014

I'asorenyBanHsi Ta aMiHyBaHHHA
HOBerHeBOFO mapy AKTHUBOBAHOI' O ByI‘iJIJIﬂ
B.E. ,ZIitoxI, JILM. I pimemcol, O.M. 3a()epK01, .M. Eesya/zal, O.B. Micuauuykz

!Kuiscoruii nayionamsnuii yuisepcumem iveni Tapaca Ilesuenka,
Yxpaina, 01601 Kuis, syn. Bonooumupcoka, 60; men: (044) 239-34-38;
*Inemumym ximii nosepxui iveni O.0. Yyiika HAH Yipainu,
Yxpaina, 03680 Kuis, eyn. I'enepana Haymosa, 17; men: (044) 424-11-35

Ipoeneno OGpomyBaHHS 1 XJIOpYBaHHS akTHBOBaHOro Byriyust mapku CKH, mociipkeHo XiMiuHi i Tep-
MoJIecopOIiifHI BIACTUBOCTI OTPUMAHFX 3pa3kiB. BCTAHOBIICHO, IO TAIOreHyBAHHS TIPUBOIUTH JIO0 BBC-
nernst B ioBepxHeBnii map CKH 10 0,5 Mmvons/T 6pomy Ta 4,6 MMons/T xitopy. [IprieruieHi ranoresy €
rifportiTiyHO crifiknMu 3a Temmeparyp 30-100 °C. TepmonecopOiiist GpoMy BitOyBa€ThCsI B TEMIIEpATY-
promy inTepBam 80-800 °C, xmopy — 400-800 °C y BUIIsm BiAIIOBIAHMX TaIOreHOBOHIB. [lokasaHo,
110 OpOM 1 YaCTHHA MPHIICIIICHOro XII0py (OMm3bKo 25 %) XIMIYHO aKTHBHI i MOXKYTB OYTH 3aMillicHi HA

A30TOBMIiCHI (DYHKIIIOHAIGH] TPYIIHL.

AxrtrBoBaHe BYrinis (AB) 3aBmsku BeNMKid MUTOMIN
TIOBEPXHi, PO3BHHEHIA MOPUCTIil CTPYKTYpi Ta XiMiuHii
CTIHKOCTI y pi3HHX CEpEIOBHIIAX € TIEPCIEKTHBHAM MaTe-
piasioM m1s1 ancopOuii 1 karamizy [1]. BractuBocti AB ic-
TOTHO 3aJIeXaTh Bil (HYHKIIOHAIBHIX MTOBEPXHEBUX TPYIL,
SKi (POPMYIOTBCS TMifT Yac MOro onepkaHHs abo MOXKYTh
OyTu BBeJICHI B TIOBEPXHEBHH MIap MOIM(iKyBaHHSM [2].
CydacHi BUMOTH JI0 BYTJIELIEBUX HOCIiB, COPOEHTIB 1 KaTa-
J3aTOPIB MOJSATalOTh Y LIIECTIPSMOBAHIH 3MiHi iX (i3uKO-
XIMIYHHMX BIIACTUBOCTEH, IO JIOCSTAETHCS BBEICHHSM Y
TIOBEPXHEBUI Imap crenudiuanx rpyn. Baxomsum 3a-
B/IAHHSM € (DYHKIIOHAITI3a1lisl TOBEPXHEBOro Iapy BYTiLILL
rajloreHo-, a30TO- Ta CIPKOBMICHHIMH TpyIamH, fKi, Ha
BIIMiHY Bil KHCHEBMICHUX TpYII, 3MIHIOIOTb KHCJIOTHO-
OCHOBHi BJIaCTMBOCTI IMOBEPXHI B LIMPOKOMY IHTEpBai,
MOXKYTb OyTH e()eKTUBHILLIMMH LIEHTPaMH a/IcopOLiii MeTa-
JIB 1 METaJIOBMICHHUX cHOMyK. [loBepXHeBi rpyry, 1o Mic-
TSTH TETEPOATOMH, MOYKHA C(DOPMYBATH 3 BUKOPHUCTAHHSM
kpaioBux C=C-rpym rpad)eHOBHX MOapOMaTUUHHUX CTPY-
ktyp AB. KpaiioBi mofBiliHi 3B’S3KH € TIEPCIICKTUBHUMUI
AKTHBHUMU LIEHTPaMH B peaKLii pueaHanHs Opomy [3].

Pobory npucsiueHo BuBueHHIO B3aemonii AB 3 Opo-
MOM 1 TETPaXJIOPHIOM BYIJICLIO, JOCIIHKEHHIO BIACTHBO-
CcTell oTpUMaHuX rajioreHoBMicHux AB. PosrsiHyTo Mox-
JIMBICTh BUKOPUCTAHHS CHHTE30BAHMX TaJIOrCHOBMIiCHUX
MPEKYpPCOpIB WISl OTPUMAaHHS a30ToBMicHOro AB.

Marepiaim i MeTOH HOCTIKEHHS

3a BuXigHuWi Matepian Oymno B3STO CHHTETHYHE aKTH-
BoBaHe Byrunst CKH, orpumane mipomizoM BiHUTIpUIM-
HOBOT'O MOJTIMEPY Ta NOJATBIIO aKTHUBAIIEID OFEPKAHO-
ro KapOoHi3aTy. MeTooM HU3BKOTEMITEPATYPHOI aJIcopo-
1ii-necopOitii Oyno onmepkaHo 30TepMy aacopOIil a3oTy
Ha noepxHi CKH. ITuromy nosepxato CKH BuzHauamm 3
i3oTepMu  azncopOuii, BukopucroBytoun wmeronq BET
(Sger = 1100 M7/r). Cymapuuii 00’eM TOp BU3HAYAIH 32
BEIIMYMHOIO aJICOpOITii a30Ty Mpy BiTHOCHOMY TUCKY 0,95

(Vs=047 CM3/F).

BpomyBamm CKH 3a metomukamu, siki He riepeadada-
10Tb BUKOPUCTAHHS PO3YMHHUKIB, 1110 MICTSITh aTOMH TaJlo-
reHy a00 MOXKYTh TIiJl 4ac PeaKLii yTBOPIOBATH TaJoreHo-
BMICHI CITONYKH, 30aTHI MIIJHO a/icopOyBaTHCs Ha TTOBEPX-
Hi AB 1 B HogayibIIoMy CHIOTBOPIOBATH PE3YJIbTATH aHATTI-
3y.

bpomysanns CKH: 5t Buximaoro CKH o0poOimsim
5 M1 pinkoro 6poMy abo 50 M1 BOOHOTO pO3YHHY, IO Mic-
B 10 % Gpomy 1 15 % Opomimy kaiiro, 3a KIMHaTHOI Te-
mreparypu npotsiroMm 1 rox. ITicns GpomyBaHHs 3pasok
mimaBam 11 200 vt 10%-r0 po3drHy OKcaiaTy Ktk J10
npunvHensst BuabieHH CO,. Ocan BinguIsTpoByBaiH,
MPOMHBAJIA BOAOIO 10 BiACYTHOCTI Y MPOMHMBHHX BOJAAx
ioHiB Br’, Bakyymysammu 3a 80 °C nporsirom 2 roa. Otpu-
MaHi 3pa3ku no3HadeHo sk CKH—Br, Ta CKH-KBr.

OCKINBKA XJIOpYBaHHSI HACHYEHHM BOIHUM PO3YMHOM
XJIOpY (XJIOPHOO BOZIOIO) BEIE JIUILIE 10 OKHCHEHHS TTOBE-
pxHi [4], K XJI0pyBaJIbHUI areHT 3aCTOCOBYBAIM TETpax-
JIOpUJI BYTJIELO, SIKUI HE Ma€ OKUCHIOBAIBHUX BJIACTHUBO-
creit [5].

Xnopyeanns CKH.: xpi3b 3pazok Buxignoro CKH (5 1),
Harpitoro a0 450 °C, npomyckam razoBy cymim Ar—CCly
npotsiroM 1,5 ron. KonmenTpartist CCly B moToI1i cTaHOBH-
ma 2,03-10° Momb/, MBHAKICTH MOTOKY AaproHy —
50 cm’/xB. TTic/Ist TIPOBEIECHHS PEAKIIiT 3pa30K XIOPOBAHOTO
Byriust (CKH-CCly) BUTpuMyBaii B MOTOLIi aproHy Mpo-
TIroM | rof, 0X0MopKyBaJIN A0 KIMHATHOI TEMITEpaTypy.

3 METOI0 JIOCHiDKEHHS TiIPONITHYHOI CTIMKOCTI MpH-
LIETIEHOTO TAJIOTeHy Ta BU3HAUYEHHS! MOMKIIMBOCTI ITPOBE-
JIeHHS1 peaKIlii 3a HOro y4acTro B IOBEpXHEBOMY Iapi AB
raJloreHOBaHi 3pa3ku OOpOOISIM CIMPTOBO-BOIHIM PO3-
yuaoM KOH, criupToBUM PO3YMHOM JieTHIAMIHY Ta BOA-
HUM PO3YMHOM Tiocyib(ary Hatpito mpotsiroM 40 XB 3a
110 °C. [ami 3pa3ku BiqMHMBaIM 10 HEUTpaJbHOI peakuil
MPOMHMBHHUX BOJI 1 BUCYILYBaJIM Ha moBiTpi 3a 120 °C.
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Tabnuns 1. Konnentpanisi rajgoreniB (Cya), CO- it CO, noBepxHeBHX HEHTPIB i pe3ybTaT 00pOOKH OCHOBAMH

rajoreHopanux 3paskis CKH

3pasok Am, 1/ Ciial, MMOJTB/T C((CO), mmoms/r | C(CO,), MMOTB/T OcHoBa ACya, %
CKH 0,03 - 025 0,10 - -
CKH-KBr3 0,13 042 1,89 0,16 I{ﬁ?;f)z ‘6‘?
CKH-Br, 0,10 0,44 1,62 0,17 I\l\é‘f;gé =
CKH-CCly 0,16 458 1,93 0,98 “ﬁggz Z

Samiwgenns eanoeery Ha samuuxu aminig: 3pazok CKH—
Br,, CKH—KBr; a6o CKH-CCl, (1) 3amiBamm 20%-m
CIIMPTOBHM PO3YMHOM aMiHy 1 HarpiBajiy B aBTOKJIABI IPo-
irom 12 roa. 3a Temneparypu 110 °C. Ilicas uporo Byrii-
7 POMHUBAIIH BOJIOIO, PO30aBIEHUM PO3YMHOM COISHOI
KUCIIOTH [IsT BUOAJIEHHS ()i3MYHO COpOOBAaHOro amiHy,
10%-m pozurHOM Na,COj; 1y BiTHOBIICHHS OCHOBHOTO
CTaHy TIOBEPXHEBHX aMIHOTPYII, TIOTIM 3HOBY BOJOIO JO
HEHTpaIbHOI peakilii MPOMUBHUX BOJ 1 BHUCYLIyBaId Ha
nioBiTpi 3a 120 °C. st MommgikyBaHHS! BAKOPUCTOBYBAIN
Taki amiam; etwieHmiaMid (En), giermnmamin (ELN), cymb-
(onmaninernnengiamia  (SuEn), monoeranonamin (MEA),
ninepasuH (Pi). BianoBinHi Mo3HaueHHS! aMiHiB BUKOPHC-
TaHO B HA3BaX aMiHOBAaHHX 3Pa3KiB, HABEICHNX y TaOI. 2.

Bwicr ramoreny y 3paszkax BU3Ha4aiay MeronoM Dob-
rapia 3 TOnepeHiM IEpPEeBEACHHAM 3pa3ka B PO3UYMHHY
(hopmy crmmaensiHAESM #oro 3 NaOH B mpucytaocTi NaNOs
[6]. TepMomecopOITiFHI TOCTIPKEHHS MPOBOAMIIA 3 BUKO-
PUCTaHHSIM METOZIB TEPMOTPaBIMETPHYHOTO aHAM3y 1
TepMOIporpaMoBanoi aecopouii 3 [U-crexTpomMerpinaHo0
peectparieto razormonioHux npoxnykriB (TTA-TIIAMY).
JlocmimKkeHHs: POBOIMIIH Y CEPENIOBHILI aproHy B TEMITe-
patypHomMy inTepBaiti 30800 °C 31 HIBHAKICTIO HArpiBaH-
us1 10 °C/xB. OmHoYacHO 3 peecrpauiero 3MiHn mMacu [Y-
CIIEKTPOMETPUYHO BH3HAYaIM KOHIIEHTPALII0 Tra30momnio-
Hux nponykti gecopouii (CO, CO,). Merogom TepMmo-
TPOrpaMOoBaHOl necopOiiiHoT Mac-CIIEKTPOMETPii
(TIIAMC) mocmimkeHo TeMIepaTypHi iHTepBaJlk Ta Mpo-
JYKTU PO3KIIaJaHHS FJIOreHOBMICHHX TPYIL.

Pe3ynbTaTn 1ociimkeHb Ta ix 00roBopeHHs

MerogoM XiMIYHOTO aHalli3y BCTaHOBIEHO (Tadu. 1),
0 KUTBKICTh TpHierieHoro opomy (Cyy) criabko 3aie-
UTb Bil BAKOPUCTAHOr0 OPOMYBAJIGHOTO areHTa i CTaHo-
BuThH 0,42-0,44 Mmors/T. [pu xnopyBanni CKH Kinekicts
TPHLIEITIEHOrO XJI0pY AOPIBHIOE 4,58 MMOJIB/T.

Anamiz manux TIIJIMC mokasaB, 1110 B Mac-CIEKTpax
CKH-Br; it CKH-KBr; HaliOLIbIITy IHTCHCHBHICTD Cepel
OpOMOBMICHHX MPOAYKTIB AecopOLii MartoTh (parMeHTy 3
m/z 80 1 82 (MICTATHCS B OTHAKOBUX KUTHKOCTSIX), IO BKa-
3ye Ha necopOuiro HBr. [HTeHcHBHOCTI (hparMeHTiB 3 m/z
79 1 81 (atomu Opomy) icTOTHO (B 2—3 pa3u) MeHIII 3a iH-
TeHCHBHICTh BuauieHHs HBr, 1m0 cBimunTh mpo yTBOpEeHHS
atoMiB OpoMy B pe3ynbTati po3puBy 3B’s3ky H-Br micis

necopOrii 3 moBepxHi. Mac-criekTpu OpOMOBaHMX 3pa3KiB
He MICTATH curHamB 3 m/z 158, 160 1 162, sxi BimmoBiga-
10Th Br,. Omxe, mist OpOMOBaHUX 3pa3KiB OCHOBHMM TIPO-
JYKTOM JIECTPYKLiI OGpOMOBMICHOrO MOBEPXHEBOTO APy €
HBr. Bin BUAIISETECS B ABOX TEMIIEPATYPHUX IHTEpBasIaxX:
170-450 1 500-800 °C 3 makcumymamu 3a 250 + 20 i 620
+20°C.

Meronom TITAMC BcTaHOBIIEHO, IO IECTPYKLIsl XJI0-
poBMicHHX Tpyn y TioBepxHeBoMy 1mapi CKH-CCL, BinOy-
BaeThCA 3a Temreparyp, Bummx 3a 400450 °C, 3 yrBO-
perarsim HCI (m/z 36 i1 38). B mac-ciekrpax CKH-CCly
BIJICYTHIH MONEKYJSIPHUI XJIOp, @ aTOMapHHUIA XJIOp BUIi-
JIAETHCS 3HAYHO MEHII IHTEHCHMBHO 1 CMMOATHO 10 BHIII-
nennst HCL

Omxe, TecTpyKIis OpOMO- i XJIOPOBMICHHX TTOBEPXHE-
BUX TPYII, HE3BAKAIOUM Ha ICTOTHO Pi3HI YMOBH XJIOpY-
BaHHs Ta OpPOMYBaHHsI, BiIOYBA€ThCS 3 YTBOPEHHSM Tajo-
T€HOBOJIHIO.

Ha puc. 1 HaBeneno onepkani meromom TIA-TIIIIY
TeMITepaTypHi 3aIKHOCTI 3MIHM Macu ¥ BHIUIEHHS! OCHO-
BHUX TponykTiB poskiaganHs (CO, CO,) moBepxXHEBUX
Tpyn Wit BUXigHoro 6pomo- i xmopomicaoro CKH. Kpim
OKCHJIIB BYTJIEIIO, 3 TIOBEPXHi 3pa3KiB BinOyBaeThCs Aeco-
pOIIis pi3MUHO COPOOBAHOI BOJH, TPO IO CBITYUTH ICTOT-
HHH edeKT 3MiHM Mach 3 MakcumyMmoM tipa 100 °C.

Jiis BuxigHoro CKH (puc. 1, a) cnocrepiraerbes Bin-
HOCHO HEBENMKa 3arajibHa BTpara Macu (Am) B yCbOMY
TEMITEpaTypHOMY IHTEpPBaIi, 110 CBIAYUTH MPO HEBHCOKY
KOHIICHTPAITII0 TIOBEPXHEBUX KUCHEBMICHUX Tpyr. Bumi-
nserbess CO, B TemnepatypHoMy iHTepBati 250-750 °C,
omHak y cyMi C(CO,) He nepepumrye 0,10 MMOIK/T, 110
BIJITIOBi/IA€ Ty»K€ HE3HAYHUM KOHIICHTpAIlisIM TTOBEPXHE-
BUX KapOOKCIJIBHUX, aHT1APUAHUX 1 JakToHHHX Tpym. CO
Macoro 0,25 MMONB/T BUAUISETHCS 32 TEMIIEPaTyp, BUILMX
3a 500 °C, 1m0 BKa3ye Ha HAsIBHICTb Y TIOBEPXHEBOMY IIapi
yuie Bucokotemiieparypaux CO-eHTpiB ((eHOIBHUX
Ipym).

Jlist GpoMoBaHUX 3pasKiB (puc. 1, 6) B TemIiepaTypHO-
My iHTepBami 170450 °C Am 30itbIIyeThes B 24 pasu
niopiBHsHO 3 Buximaum CKH, 1o pa3om 3i BcTaHOBIIGHUM
BuniterHsM HBr 3a mux temmeparyp CBim4uTH PO Je-
CTPYKLiIO OPOMOBMICHHX TIOBEPXHEBUX IPYII.
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Puc. 1. TemrrepaTypHi 3ayIe)KHOCTI 3MiHM MacH B iHTErpa-
neHiH (1), mudeperHtianbHiil dhopmi (2), IBUAKOCTI BUIUICHHS
CO, (3) Ta CO (4) w1 CKH (@), CKH-KBr3; (6), CKH-CCly (8)

Kinbkicte HBr, sika necopOyeTnest 3a IIMX TeMIIeparyp,
BH3HAYAJIM SIK PI3HUINIO MDK 3arajbHOIO BTPATOIO MacH Ta
Macoro, 1110 Bimmosinae BMicTy CO,-1IeHTpIB (KapOOKCHITh-
Hi TPYNH), SIKi TAKOX PO3KIIAJAI0TECS B LILOMY TEMITEpaTy-
pHOMY iHTepBaii. Po3paxoBana KoHIEHTpallisi OpoMy, 10
necopOyetbest 3 noBepxHi CKH-KBr; a6o CKH-Br; B Te-
mreparypHoMy iHTepBai 170450 °C, cknamae 0,20—

0,24 MMOITB/T, IO BIATNOBiNA€ TPHOIM3HO TONOBHMHI BilT
3arabHOI KUTBKOCTI OpOMY B IMX 3pa3Kax.

Meronom TT'A-TIIAIY BcTaHOBIEHO TAKOXK, 10 TIOPI-
BrsHO 3 BuxiguuM CKH miss CKH-KBr; ta CKH-Br; Bin-
OyBaeTbea myke HeBerukuil mpupict CO,-LieHTpiB 1, Ha-
BIaKH, 3HauHe 3pocTanHs (B 5—7 paziB) C(CO), mo cBizn-
YUTh TIPO TapayieibHE OKUCHEHHS TOBEPXHi 3pasKiB 3
YTBOPEHHSIM (PEHOIBHUX TPyl [7].

s CKH-CCl, xapakTtepHe 30UIbIIeHHS Am OUTBII SIK
y 2 pasHl 32 paxyHOK JOIATKOBO C(HOPMOBAHHX BUCOKOTE-
mrepatrypHux (>400 °C) KMCHEBMICHHX TPYI MOPIBHIHO 3
Buximnum CKH (puc. 1, 6). 3rigHo 3 TemmepaTypHUMH
inTepBaiamu, BuzuteHHs CO Ta CO,, chopmoanmu CO-
ueHTpamu € ¢eHonbHi rpymH, a CO,-LieHTpaMu — JaKTOHH1
rpynu [7]. Ha Bimminy Big CKH-KBr; #f CKH-Br,, kuche-
BMicHI rpymu Ha noBepxai CKH-CCly dopmyrotscsa 3a
MEXaHI3MOM CTapiHHs 3pa3sKiB, IO BKIIIOYAE B3AEMOJIIO
KHUCHIO TIOBITpS 3 HaHaKTHBHIIIMME JUITHKAMH TTOBEPXHi
3paska BiKe MICIIsl 3aBEPIICHHS peakuii xiopyBaHHs. Kinb-
KICTh XJIOPY, SIKMH MO)Ke OyTH TepMIUHO eTiMiHOBaHHH y
TemrieparypHoMy iHtepBaii 10 800 °C (pi3HuLS MK 3ara-
npHOIO BTpatoo Mack i mMacoro CO i CO,), CTaHOBUTH
Omu3pko 1,3 MMoIe/T. EniMiHyBaHHS JIHIIIE YaCTHHU XJIOPY
(6rm3bKO 28 %) Bil KUTBKOCTL, BU3HAYCHOI XIMIYHUM aHa-
mizoM (4,58 MMOIIB/T), BKa3ye Ha 3HAauHy TEPMIUHY CTii-
KICThb XJIOPOBMICHHMX ITOBEPXHEBUX TpYyI. 3HAYHHUI BMICT
TPHIIEITIEHOrO XJIOPY Ta HOro BUCOKY TEPMIUHY CTiHKICTb
MO)KHA TIOSICHUTH yTBOpeHHsIM ToBepxHeBHX CCli-rpym.
[ligTBEpHKEHHSIM MOXIIMBOCTI ()OPMYBaHHS Came TaKUX
TIOBEPXHEBUX IIEHTPIB € EKCIIEPUMEHTAJIEHO BCTAHOBJIC-
HHH TEPMIYHHI TOMOII3 TETpaxJIOpyuay BYTJIELIO 3 yTBO-
pernsiM *Cl ta *CCl; pamukani [8—10], o 31aTHI npues-
HYBAaTHCS 32 MICIIeM TIOJBiiHOro 3B’s13Ky AB 3 yTBOpEH-
HsM Cl- Ta CCl-Tpymi B OTHAKOBHX KiTBKOCTSIX. SIK Bigo-
Mo [11], mpu 06poOLIi TETPaxIOPHIOM BYTJIEIIO Y 1HILN-
MH TETparaloreHigamy BYIVICHIO ACSIKHX CIONYyK i3 TI0-
JBIHNAM 3B’S3KOM B YMOBAX, IIO CIPUSIOTH PaJIUKaIbHO-
My Tiepe0iry peakiiii, yTBOPIOIOTHCS TAJIOreHOOX1THI, SIKi
MICTSITh TaJIOTeH 1 TPUXJIOPMETUIIBHY TPYITy IPH Hachye-
HOMY 3B’SI3KY.

JlocimimKeHHsT MOXJIMBOCTI BUKOPUCTAHHS TajoOreHo-
Bannx CKH sk mpekypcopiB s MONaNbIIMX CHHTE3IB
BKIJIIOYAJIO BUBYCHHS TiIPOTITUYHOI CTIHKOCTI TIPHIIICITIe-
HOoro OpoMy Ta xsopy. BcraHoBieHo, 1O 3a TpHBajIoro
30epiraHHs1 3paskiB 32 KIMHATHOI TEMITEpaTypHy Ha TOBITpi
BMICT TJIOTeHIB y HUX HE 3MIHIOEThCs. [ anmoreHoBaHi 3pa-
3KM HE TiAPONi3yBAIM TAKOK 1 NPU HETPUBAIOMY
ki’ sTiHHi (15 XB) y Bozi, 10 BKa3ye HA JOCTATHIO CTild-
KICTh TIPUILETJICHOrO TayioreHy. Bu3HaveHo, M0 micis
00poOku 20 %-My BOIHMMHM PO3YMHAMH CIAOKHUX OCHOB
Pi3HOI prpoaM (MeTIIaMiH abo Tiocynb(har HaTpito) Ipo-
Tirom 40 x8 3a 100 °C B 3pazkax 3ammmaerbes (ACyy) 50—
60 % Opomy Ta O1m3pK0 75 % xmopy (tadm. 1). Ipu o6po-
o CKH-CCly ciupToBO-BOOHMM PO3YMHOM TiIPOKCHIY
KaJtito mpoTsirom 40 XB BiqUIEILUTIOETHCS OUTBILICTB Tajiore-
Hy, IMOBIpHO, BHACITIIOK JIOJJATKOBOTO TiPONi3y YaCTHHH
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Tabmng 2. PesynabTaTé TepMoOrpaBiMeTPHUHOIO AaHATIZY
3paskiB CKH, momudikoBannx aminamu

3pazok b Amy, Gy,
°C /T MMOJTB/T

CKH-Br,—En 31010 0,032 033
CKH-Br,—Et,N 295+10 0,046 0,42
CKH—KBr;-Et,N* 330+10 0,045 041
CKH-Br,-MEA 330+10 0,071 0,73
CKH-Br,—Pi 295+10 0,027 0,22
CKH-Br,—SuEn 320+10 0,106 0,49
CKH-CClsEn 300+10 0,037 0,38
CKH-CCl~EtN 300+10 0,046 042
CKH-CCI-MEA 280+£10 0,067 0,69
CKH-CCl,Pi 315410 0,041 0,33
CKH-CCl4~SuEn 290+£10 0,130 0,61

* Jna onepxanast CKH-Br-ELN Oynmo BHKOpHCTaHO 3pasok
CKH-KBEr;, oopotrennii posunaoM NayS,0;, (mpomykr I) Ta B
TIOIATBILIOMY TIPOBEZICHO 00POOKY AiETHITaMIHOM IPOTSsIroM 12 oz

TPUXJIOPMETUIIBHUX TPy OTKe, HE3aIKHO BiJ] PHPOIU
PO3YMHHUKA (BOZA, CIIUPT) i OCHOBH 3 TIOBEPXHI rajore-
HOBaHMX 3pa3KiB BiNIICIUTIOETECS ONMM3BKO TOJOBHHA
OpoMy Ta nwre Oiu3bKo 25 % XJ1opy.

Otpumani JjaHi MOXKHA TOSICHUTH 1CHYBAaHHSIM JBOX
(hOpM MPHIIEIIICHOrO TAIOreHY, BIACTUBOCTI SIKMX OIUCYE
cxema 1. Sk BurmBae 31 cxemu, Bif rajgoreHosanoro CKH
(I) BHacmigok HerpuBanoi Aii ocHoBu (NHRR’) Bimmen-
JIFOETBCA YacTWHA TalOreHy (IIOJIOBUHA OpOMY 1 UBEpTh
XJIOpY) Y BUIVISIII TaJION€HOBOAHIO (ApYyTa CTafisl CXeMH) 3
yrBoperHsM niponykry (II), mo mictute omuH atom Gpo-
My, a00 CCl-rpyry.

Tak camo OMM3BKO MOOBUHM OpOMY MOXKE BiAIIEIH-
Trch y Buniai HBr npu HarpiBanzi 6pomoBanoro CKH
10 250-290 °C, mo miarBepmkero meropamu TITIIMC i
T A-TIIJIMY. MiMoBipHO, yacTHHA GPOMY BiILIEIUTIOETHCS
3a HEBUCOKMX TEMITIEPATYp 3a I0HHUM MEXaHI3MOM, a iHIIa
YacTHUHA — 33 BUCOKHUX TEMIIEpaTyp 3a paIlKaIbHIM MeXa-

Kh

—>
-HCI

NHRR' (40 XB.) NHRR' (12 r.)
—
-HBr -HBr

HizMoM. Bimierennst monexyn HCI Takoxx MOMKIMBE pr
HarpiBaHHi, OJIHAK IS IHOTO MOTPiOHI IS0 BHUIII TEMITe-
patypu. Jectpyxkuis CCly-rpyn npu HarpiBanHi 1o 800 °C
MPAaKTUYHO HE BiIOYBAETHCS, IO OOYMOBIICHO IXHBOIO BU-
COKOIO TepMivyHOIO cridikicTio [12]. TlonmoBuHa Opomy i
YBEPTh XJIOPY BHAAIAETHCA TOPIBHAHO JIETKO BHACIIZOK
BiTHOBJIGHHS TO/BiiHOrO 3B 513Ky C=C, SIKMii BXOIMTH JI0
3arabHOI CHCTEMH CIPSDKEHHX 3B’S3KIB BYIVICLIEBOI MaT-
purti. Taka ToBeTiHKa MOBIHHOTO 3B’3KY € JIOBOJII THITO-
BOIO /ISl OpraHiYHMX PEYOBMH 1 MOMIMEpiB, MOOBIMHMIA
3B’S130K Y MOJIEKYyJaX SIKMX CIPsDKEHWH 3 KapOOHLUTHHOIO
TPYINOI0, apOMATHYHUM SIAPOM a00 1HILMM TT-IOHOPHUM
ueHtpoM [ 13]. Mexani3m nporiecy momsrae y BiflersieHH1
MPOTOHA Bi] aTOMa BYIJICLIIO, CYCiTHIM 3 aTOMOM BYIJICLIO,
3’€THAHKM 13 TATIOr€HOM, Ta YTBOPEHHI KapOaHioHa, cTali-
JH30BaHOrO BHACHINOK JeIOKai3alii 3apsiy Ha BeIMKidA
TUIONI] BYTJIeTieBoi Matpwiti [ 14].

Tpusana 06pobka (12 rom) 3paskis CKH-Br,, CKH-
KBr;, CKH-CCl; cnuproBUMH pPO34MHAMH aMiHIB TIPH
HarpiBaHHi MPU3BOIMTH J0 TIOBHOIO BIITYyUEHHsI Opomy it
gacTKoBOrO (20-50 %) BHITydeHHS XJIOPY 3 TIOBEPXHEBOT'O
mapy AB (mani XiMiYHOro aHaiizy). XapakTepHOIO O3Ha-
KOIO TeMIIEpaTypHHUX 3aJI©KHOCTEH BTpaTH MacH aMiHOBa-
HUX 3pa3KiB (pUC. 2) € HAsBHICTh JABOX IHTEPBATIB BTPATH
Macu (KpiM BHAUICHHS BOAM): HH3BKOTEMIIEPATYPHOIO
(200400 °C) Ta Bucokoremrieparypaoro (>500 °C). 3a
HHU3BKOTEMITEpATYpHUM e(eKTOM BTpaTH Mach Oyjio po3-
paxoBaHO Macy aecopOoBaHoro aminy (Amy). Temmepaty-
pa MaKCHMAJIBHOI MIBHIKOCTI JECOpOIlil MPHUILCTUICHIX
aMIHIB (f,0x) cTaHOBUTH 30020 °C i HE 3aNeKUTH Bill BH-
KOPHCTaHOro aMiHy Ta Tpekypcopa (Tadm. 2). BuznaueHi
TEMITEpaTypH iCTOTHO NIEPEBUIIYIOTh TEMITEPATypPH KHITiH-
HsI aMiHiB, IO CBITYMTH MPO XiMiYHE 3aKPIILICHHS aMiHy
Ha roBepxHi. [loBepxHeBi KOHLIEHTpallii HAHECEHNX aMiHiB
(Cn) po3paxoBaHoO 3a eheKTaMul 3MEHIIICHHS MaCH BHACITI-
JIOK jiecopOrii amiHiB (Amy) y TeMIepaTypHOMY IHTepBati
170-400 °C (tatu. 2). [loBepxHeBi KOHLIEHTpALIil MPHIIIET-
JICHUX aMiHiB, 5K 1 TeMITepaTypH ix AeCTPYKLii, He 3aJIeKaTh
BiJ] TIpUpOIM aMiHy Ta Horo MomeKyisipHoi mach. Lleit daxr
TaKOXK MIATBEPIIKYE KOBAIEHTHE TPUILICIUICHHS aMiHIB J10
noBepxHi CKH. BucokoremmnepatypHuii iHTepBan BIpaTd
Macy Bianosinae aectpykiii peHonmpHux 1 CCl-rpyr.

'RRN,  NRR'
Cl,,  NRR

NHRR' (40 x8.) xs) >: NHRR'(121) 5

Cxema 1. bpomyBanHs1, xJiopyBaHHsI Ta amiHyBaHHs roBepxHi CKH
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Puc. 2. Turoi TemnepaTypHi 3aIeKHOCTI 3MiHM MacH B iHTerpaibHii (1), mudepenmianshiit dopmi (2) st CKH-Br,-EtN (a) Ta

CKH-CCLEtN (6)

C\ 3pa3kiB, onepkaHuX Ha ocHOBi OpomoBanmx CKH,
cranoButh (,22—0,49 MMOJIB/T, III0 BiITOBiIa€ KOHIICHTpa-
wii nmpumeruieHoro Opomy (mponykr I). 3amitnenns 6pomy
Ha aMiHH OIKCYe HaBeleHa BHUIIE cxeMa 1: aroM Opomy
(mpomyxkr I) 3aminryeThest Ha 3amiok amidy (pomykr II).
INokazoBuM (hakToM, 10 MIATBEPIKYE IFO CXEMY, € OIHA-
KOB1 KOHIIGHTpALIii MPHIIEIIEHOTO aMiHy B 3pa3Kax, ofie-
PPKaHMX 32 BUKOPHCTAHHS JUIsl aMiHyBaHHs nponykTiB I i
II (3pazku CKH-KBri—Et;N Ta CKH-KBrs—Et;N*).

C\ 3paskiB, onepkaHnx Ha OocHOBI xyopoBaHux CKH,
cranoBuTh 0,33-0,69, 1110 3HAYHO MEHIIIE 3a KUIBKICTh XJI0-
PY, SIKUii TIPU LIBOMY BiLIETLTIOETHCSL.

VIMOBIPHOKO MPHYMHOI) MEHIIOI KOHLIGHTPAL[i mpH-
mierieHnx amidiB st xjopoanoro CKH e mpocroposi
yCKIaaHeHHs, ToB’si3aHi 3 npucytHicTio CCl-rpymu mo-
DS 3 aKTHBHUM LICHTPOM JUTS TIpHILIeIIeHHs amiHy. JaHi
IU1sl aMiHOBaHMX 3pa3KiB, OTPMMaHHUX Ha OCHOBI OpOMOBa-
HOTO 1 XJIOPOBAHOTO BYTULIS, KOPEIIOIOTH MK COOOIO: B
000X BHIaAKax HAMMEHIIE MPUENHYETHCS IINEepasuHy 1
HaHOUTbIIIE — MOHOETAHONaMiHy. MeHIIa KiTbKICTh TpH-
LIEMIEHOT0 aMiHy XapaktepHa 1ist 3paskiB CKH-Br,—Pi ta
CKH-CCL~Pi, mo noB’s3aHo 3 MPOCTOPOBHMH YCKJIAJI-
HEHHSIMHM TIpH TIPUILEIICHH] mirnepas3uHy. biumbma Kimb-
KiCTh ~ TIPHIICIUICHOTO  MOHOCTAHOJIAMiHYy, WMOBIpHO,
MOB’s3aHa 3 HOro MIIHIMIOI aJcOopOLiEl0 Ha TOMSPHUX
rpynax CKH. Omxe, B pe3ynbTaTi 0OpoOKH raioreHoBMic-
Hnx CKH B mnoBepxneBmii map BBomuthcs 0,22-0,73
MMOJIB/T aMiIHOTPYIL.

Takum YMHOM, TaJOTeHYBaHHSIM aKTHBOBAHOT'O BY-
riuis mapku CKH otpumano 3pasku, 1o MicTSTh Ha
noBepxHi ~0,45 MMoJIB/T Opomy Ta 4,58 MMOIIB/T XJI0-
py. Y pe3ynbTaTi AOCHIIKEHHA XIMIYHUX 1 TepMofe-
COpOLIHMX BIACTHBOCTEH WX 3pa3KiB BCTAHOBJICHO,
10 MPUIIEIUICHI TaJOTeHU € TiAPOIITHYHO CTIHKUMHU
3a temnepatyp no 100 °C. TepmonecopOris 6poMoB-
MICHHX TpPYyIl CIHOCTEPIra€Tbcsi B TEMIIEPATYPHOMY

inTepBani 80—800 °C, XJIOpOBMICHUX TPyI — B iHTEp-
Baii 300-800 °C. Ilokazano, mo Opom i1 YacTUHa
npuuieruieHoro xjaopy (6auseko 25 %) € XiMigyHO ak-
TUBHI ! MOXXYTh OyTH 3aMillieHi Ha a30TOBMIiCHI QyH-
KL1OHANBHI TPYIIH.
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Ir AJIOIrCcHUPOBAHUC U AMUHHUPOBAHHUC
INOBEPXHOCTHOI'0 CJIOH AKTUBHPOBAHHOI'O YIJVISA
B.E. JTutor’, .M. Tpuuenxo', A.H. 3adepxo’, T.M. Besyena', A.B. Mucuanuys’

!Kuescxuii nayuonansmwiti ynusepcumem umenu Tapaca Illesuenxo,

Yrpauna, 01601 Kues, yn. Biaoumupckas, 60; men: (044) 239-34-38;

Hnemumym xumuu nosepxnocmu uvenu A.A. Gyiiko HAH Yipaune,
Yrpauna, 03680 Kues, yn. I'enepana Haymosa, 17; men: (044) 424-11-35

Ipoeneno GpomupoBaHue U XJIOpUPOBaHKE akTHBUpoBaHHOTO Y1t Mapku CKH, nccrnenoBaHsr
XUMHYECKUE M TEPMOJIECOPOLIMIHBIE CBOICTBA MOTYYEHHBIX 00pa3IoB. Y CTAHOBJICHO, YTO TaJlo-
TeHHPOBAHHE MPUBOANT K BBEAEHHIO B moBepxHOCTHBIN citoit CKH 1o 0,5 Mmons/r 6poma 1 4,6
MMOJIB/T XJ10pa. [IpHBHUTBIE TaJIOTEHBI SBISFOTCS THAPOIMTHYECKH YCTOMYMBBIME TIPH TEMIIEpa-
Typax 30-100 °C. TepmonecopOimst 6poma Habomaercsi B TemiieparypHom uarepsaie 80—800
°C, a xy1opa —400-800 °C B BUIIC COOTBETCTBYIOIIHX TaJIOTeHOBOAOPOIOB. [TokazaHo, uto 6poM u
YacTh IPUBUTOTO XJI0pa (OKOMO 25 %) SBISIOTCS XMMUYECKH aKTUBHBIMU M MOT'YT OBITH 3aMellie-
HBI Ha a30TcoJIeprKaliie (QyHKIMOHAIBHBIE TPYIIIIBL.

Halogenation and amination
of the surface layer of activated carbon

V.E. Diyuk', L.M. Grishchenko', A.N. Zaderko", T.M. Bezugla', A.V. Mischanchuk’

Taras Shevchenko National University of Kyiv,
60, Volodymyrska Str., 01601 Kyiv, Ukraine, Tel: (044) 239-34-38;
*Chuiko Institute of Surface Chemistry, NAS of Ukraine,
17, General Naumov Str., 03680 Kyiv, Ukraine, Tel: (044) 424-11-35

Bromination of activated carbon SCN with liquid bromine and aqueous solution of complex
Br,-KBr and chlorination with CCl, vapours in the gas phase at 450 °C were carried out. Chemical
and thermal desorption properties of the obtained samples were investigated. It was established that
halogenation caused the introduction of bromine up to 0,5 mmol/g and 4,6 mmol/g of chlorine into
the surface layer of SCN. Grafted halogens are hydrolytically stable at 30—100 °C. Thermal desorp-
tion of bromine is observed in the temperature range 80-800 °C, and chlorine in the range 400—
—800 °C in the form of corresponding hydrogen halides. According to TGA-TPDIR method it was
found that a slight increase of CO,-centres and a significant increase (57 times) of the concentra-
tion of CO-centres occur for SCN-KBr; and SCN-Br, compared to the original SCN, that indi-
cates the parallel sample surface oxidation with the formation of phenol groups. Unlike SCN-KBr;
and SCN-Br, samples, the formation of oxygen-containing groups on the surface of SCN-CCly
occurs according to the mechanism of aging of samples and includes the interaction of oxygen with
the most active areas of the sample surface when the reaction of chlorination is completed. Treat-
ment of the halogenated samples with alcohol solutions of amines of different origin at heating
leads to the complete removal of bromine and partially (about 2050 %) removal of chlorine and
causes the introduction of N-containing functional groups into the surface layer of carbon. The
concentration of amino-groups in the surface layer of SCN is equal to 0,22-0,73 mmol/g.
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Novel metal complexes of Schiff bases

as multifunctional additives for alternative fuels
Ye.O. Bozhko, Ye.V. Sheludko, R.S. Zhyla, V.S. Pilyavsky, Ye.V. Polunkin

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine, Kyiv
Department of homogeneous catalysis and additives to petroleum products

Metal complexes of Schiff bases have a number of valuable properties that determine their practical applications in
various fields of science, technology and medicine.

We have synthesized some metal salen complexes. These types of compounds are effective antioxidants. On the basis of
antioxidative studies it is clear that the copper (II) azomethine complex acts catalytically. The chain termination of organic
compounds oxidation occurs repeatedly (> 350). For instance, the inhibitory efficiency rate (fkroo.) of Cu complex of N-
salicylidene-4-octyloxyaniline are given in Table. The initiated oxidation of benzyl alcohol used as a model reaction
(W;=2,98-10" mol/(Is), 50 °C).

Inhibitor fhroo 10°, /(mol-s)
N-(4-hydroxysalicylidene)4-octyloxyaniline (1) 0,07
bis [N-salicylidene-4-octyloxy] copper II)  (2) 9,8
2,6-bis(1,1-dimethylethyl)<4-methylphenol ~ (3) 0,26

Comparing their activity, we found that the complex (2) greatly exceeds the known acceptor peroxide radicals (3).

The findings reveal that the introduction of carboxyl groups in the structure of the ligand compared with other groups
greatly enhances the value of the critical load indicator substrate (ethanol, fuel E-85) with the addition of complexes. Thus,
for complexes Cu, Zn, La with hydrocarbon substituents increase the critical load factor is 1,6, and for compounds
containing —COOH and —OH groups in their structure, this figure rises up to 2,5.

Schiff bases metal complexes could be used as an antioxidant and wear-reducing additives for alternative motor fuels.
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Properties of Pyrazolo|3,4-D][1,2,3]triazin-4-ones
and products of their transformation

A.O. Gurenko, B.M. Khytova, S.V. Khyuchko, V.S. Brovarets

Institute of Bioorganic Chemistry and Petrochemistry NAS Ukraine,
Department of chemistry of bioactive nitrogencontaining heterocyclic bases

In this paper the synthetic potential of insufficiently studied pirazolotriazines A is considered. Pyrazolotriazines A were
prepared by diazotization of 5-amino-4-carboxamide pyrazoles with aqueous sodium nitrite. Pyrazolotriazines are regiose-
lectively alkylated and acylated at center N-3 to form the structures I, II. Heating of compounds A with isocyanates and
isothiocyanates results in triazine ring destruction and formation of substituted pyrazolopyrimidine III and pirazolothio-
pirimidines IV respectively. Treatment of pyrazolotriazines A with thionyl chloride, leads to acid chlorides V and the amide
VI depending on reaction conditions. As a result of interaction of compounds A with phosphorus oxychloride, acid chloride
VII is formed. Heating of pirazolotriazines A with phosphorus pentoxide in dioxane leads to the formation of substituted
pirazolooxazines VIIL. Similarly, in the reaction with phosphorus pentasulfide pirazolothiazinethiones IX are formed.
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Focusing of protons’ current by weak magnetic field

P.Y. Yevdokimov, R.V. Korzh, V.A. Bortyshevskyi

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine,
Laboratory of Zeolite Catalysts and Sorbents

Here we study the possibility of focusing the current of protons in solids by weak magnetic field with intensity of 1.3 T.
Protons were obtained by the electrolysis of a 5 % aqueous solution of H,SO.. They were transported through the proton
conductor based on Nafion-117 introduced into pores of tubes from alumina-zirconium ceramics. The collective cathode
was made in the form of a cylinder or cone. These forms of cathodes were selected for the following reasons. A positive
charge moving in an electric field £ and a constant magnetic field B is acted by the Lorentz force which curved the trajectory
of the proton. This curvature in terms of the cylindrical cathode causes the protons to pass through an uniform electric field
around. The vector of Lorentz force is directed from the plane of the drawing. When using the cathode as a cone, proton
moves in a nonuniform electric field.

The results of current-voltage tests have shown that the study proton conductor has two zones of proton conductivity: low
potential at 0,3-0,75 V with the change of the conductivity of 2-2,5 orders, and high potential at 1,5-3.0 V with the
conductivity rise to 1-1,5 orders. The application of the perpendicular magnetic field regardless of its direction encourages
sensitivity to changes in low potential region. These results give a positive assessment for the possibility of creating the
sources of currents of protons, which could be regulated and focused by electric and magnetic fields, for new catalytic
processes.




Kamanu3z u nepmexumusn, 2014, Ne 23 99

UDC 676.083+665.1+662.758 ©2014

Perspectives of bioethanol using in biodiesel synthesis
S.0. Zubenko

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
Department of Catalytic Synthesis

The fuels of the biological source base are as the alternative to the usual petroleum fuels. Biodiesel is produced as a rule
by methanol homogeneous catalytic transesterification of vegetable oils and the fats. The using of bioalcohol for biodiesel
synthesis makes the raw materials for its production fully renewable. Today bioethanol is the most utilized bioalcohol in the
world. Simultaneously z-butanol using as a transesterification agent have been proposed by some researchers.

Now n-butanol production becomes in new wave of development. Modern technologies of biobutanol synthesis allow
producing relatively cheap alcohol.

The principal scheme of production of butyl esters of fatty acids of vegetable oils on the base of literature data has been
proposed. The process includes fermentation of natural materials like halm with butanol, ethanol and acetone mixture pro-
duction. Nowadays technologies of the butanol separation allow obtaining pure alcohol. There are two ways of glycerin as
by-product of transesterification applying: its fermentation for biobutanol production or its acetalization by acetone to pro-
duce solketal, which can be use as fuel additive.

Transesterification of linseed oil by n-butanol have been studied. The investigation has been carried out in a wide range
of reaction conditions: temperature (20—80 °C), reaction time (1-6 hours), alcohol/oil molar ratio (5—10) and amount of cata-
lyst KOH (1-2 wt. %). The best yield of esters (87,5 %) has been obtained at 20 °C, 2 % KOH, 6 hrs., alcohol/oil molar ratio
10.

Therefore, biobutanol can be considered as a perspective alcohol for more careful investigation as tranesterification agent
for biodiesel production.

UDC 541.49:541

Study of the complexation of Calix[4]arene
hydroxymethylphosphonic acid with amino acids
and N-acetyltryptophan amide by RP HPLC

O.L Kalchenko', S.0. Cherenok', R.V. Rodik’, Y. Mely’, V.I. Kalchenko'

!Institute of Organic Chemistry, National Academy of Sciences of Ukraine
02660, Murmanska str. 5, Kyiv, 94, Ukraine, E-mail: oik@joch.kiev.ua
*Universite de Strasbourg, 74, Laboratoire de Biophotonique et Pharmacologie UMR CNRS,
Strasbourg, Route Du Rhin, 60024, BP, 67401 lllkirch Cedex, France

Calixarenes and their derivatives are widely used as a molecular platforms on the design of the artificial receptors
for the recognition and binding of organic substrates [1-3]. The calixarene hydroxymethylphosphonic acid (CPA)
complexation with amino acids and N-acetyltryptophan amide (NATA) were studied. The binding constants of the CPA
complexes with amino acids and NATA (2000040000 M ') were calculated.

It was established that CPA is an effective receptor for the recognition and binding for amino acids and NATA. The
influence of the nature of the substituents in the amino acid molecules on the binding constants of CPA inclusion complexes
was studied. The correlation of the binding constant values with the Log P of amino acids has been made. CPA is an effec-
tive binder of the amino acids and NAT A in water solution. These results provide the foundation for the design of the protein
inhibitor (by Trp residue) that will block the activity of the HIV virus in the human body. The study of CPA in molecular
recognition and binding of Trp residues in proteins is in progress.

1. O. Kalchenko, S. Cherenok, R. Rodik, A. Drapailo, S. Miroshnichenko, V. Kalchenko. Phosphorus, Sulfur, Silicon,
2011, 186, 898.

2. 0. Kalchenko, S. Cherenok, O. Yushchenko, V. Kalchenko. J. Incl. Phenom., 2013, 76, 29.

3. O. Kalchenko, A. Drapailo, S. Shishkina, O. Shishkin, S. Kharchenko, V. Gorbatchuk, V. Kalchenko. Supramol.
Chem., 2013, 25,263.
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Autohydrolysis of pentosecontaining raw material
D.S. Kamenskyh, T.V. Tkachenko, V.O. Yevdokymenko, D.A. Matviychuk, V.I. Kashkovskiy

©2014

Institute of Bioorganic Chemistry and Petrochemistry, Kiyv
Department of Organic and Petrochemical Synthesis

Now biomass is one of the main promising sources of energy and raw materials. Since Ukraine is agriculture country the
best raw materials for autohydrolysis are agriculture waste e.g. straw, corn cobs, different plants stalks etc. The 80 mil. ton
they one were formed in 2012 year.

We were worked out and assembled laboratory equipment on this investigation stages. Corn cobs composition was iden-
tified. It was ascertained that they consist of carbohydrates, cellulose and lignin 0,8, 43, 41 % (as weight percent of dry sam-
ples) respectively. It should be noted that particle size of original herbaceous lignocellulosic biomass hadn’t effect on final
product. Dependence of corn cobs autohydrolysis versus contact time was investigated at 200 °C and pressure by saturated
vapor or excess argons pressure from bottle. Extremal dependence of sugars and lignin amount versus contact time was ob-
tained. Ceiling amount of sugars and minimum lignin observed at a 30-minute processing of raw materials in the reactor at

200 °C was established. The use of excessive pressure is shown achieves a greater degree of release of soluble carbohydrates
compared with data for the reaction without excessive pressure.

UDC 547.854.5+54.057
The new spirocycloalkenic
N-aryl-N"-alkylpyrimidine-2,4,6-trione
derivatives synthesis by means of ring-closing

N.I Kobyzhcha, V.M. Holovatiuk, Yu.V. Bezugly, V.I. Kashkovsky
Institute of Bioorganic Chemistry and Petrochemistry NAS Ukraine,
Department of organic and petrochemical synthesis
It has been synthesized the new series of 5-spiropyrimidine-2,4,6-triones (1-7) via ring-closing metathesis reactions

(RCM) in the following way:
QN N@
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Starting compounds (8—14) for RCM were got in two pathways:
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The structures of all new synthesized compounds were verified by NMR spectroscopy (1H).
The virtual screening of resulting products (1-7) was realized by means of Prediction Activity Spectra for Substances
program. The obtained data were shown, that the aforementioned compounds could be testosterone 17beta-dehydrogenase

(NADP+) inhibitors, anaphylatoxin receptor antagonist, kidney function stimulant also thay may have antieczematic and
other biological activities with a high probability.
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Development model system for determining
of influence of physiological activity substances
on key enzymes of oxylipin synthesis

V.M. Kopich, G.1. Kharitonenko, T.D. Skaterna, O.V. Kharchenko

Institute of Bioorganic Chemistry and Petrochemistry of NASof Ukraine
02660, Kyiv-94, Murmanskaya str. 1, Ukraine, kopich(@bpci.kiev.ua

It was investigated the influence of brassinosteroids, abscisic acid, lysophospholipids, phosphatidic acid, 13-
hydroperoxide linoleic acid on 9- and 13-lipoxygenases activity, key enzymes of oxylipin synthesis in vivo and in vitro
model systems. Determined value Vi, [Slos and h for lipoxygenase oxidation of linoleic acid with and withoute of 50 pM
lysophosphatidylinositol are 114,04 & 25,8 and 3,29 + 0,08 pmole/min; 0,48 & 0,05 and 0,12 + 0,002 mM; 2,44 £ 0,05 and
3,81 £ 0,14 respectively. In model systems of mechanical wounding on potato tubers in vivo under conditions of exogenous
1 uM linoleic acid 13-hydroperoxide application was found a significant decrease in lipoxygenase oxidation velocity and
biotransformation of linoleic acid 13-hydroperoxide. It was determined the inhibitory effect of 10 uM phosphatidic acid on
linoleic acid 13-hydroperoxide biotransformation. To significant changes in the activity of plant 9- and 13-lipoxygenase at
low temperature, high salt concentration and under exogenous 1 pM 24-epibrassinolide and 10 pM abscisic acid influence
were founded. Obtained results indicate on possibility to invlolve lysophospholipids, brassinosteroids, lipoxygenase primary
metabolites to regulation of lipoxygenase cascade and communication between multiple signaling pathways of plant cells.

UDC 547.787+547.853+548.737

Synthesis and properties of new 1,3-thiazol- and
1,3-oxazolesulfonylchlorides and their derivatives
A.M. Kornienko, S.G. Pilyo, V.M. Prokopenko, V.S. Brovarets

Institute of Bioorganic Chemistry and Petrochemistry NAS Ukraine,
Department of Chemistry of Bioactive Nitrogencontaining Heterocyclic Bases

We developed preparative syntheses of 1,3-thiazol- and 1,3-oxazolesulfonyl-chlorides (I - IV).

SO,Cl S0,Cl {2
\
Clo, S/QiCI /Qﬁ\Rl Arxiph Ar s0,c1 R=Alk Ar

R!'=Ph, H
| I I v R?=CN, COOMe
Corresponding sulfonylamides (V—IX) were olso obtained.
SO,NR?R3 SO,NR?R? COOMe
I | e
/
R/QS R! RZRNO, S/4 Cl R/4 Ar Ar/4 SO,NR?R3 Ar 0 SO,NR?R3
\' Vi Vil Vil IX

NR2R® = NH,, NHCH,Ph, NHPh, NMe,, N(CH,),, N(CH,CH,),0

Reactions of 2-aryl-4-cyano-1,3-oxazol-5-sulfonylchlorides and 2-aryl-1,3-oxazol-4-methoxycarbonyl-5-sulfonylchlori-
des with amidines, aminopyrazoles and aminotriazole with formation of bicyclic (X, XI) and tricyclic (XII, XIII) azahetero-
cycles were studied

= f* v fMR = J@ >

X XI Xl Xl R = Alk, Ar
Species with high antivirus and anticancer activity were found among synthesized compounds.
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Influence of conditions of the zeolite X ammonium

hexafluorosilicate modification on the toluene
with methanol alkylation

M.M. Krylova, Yu.G. Voloshyna, V.V. Ivanenko, O.P. Pertko, L.K. Patrylak, K.1. Patrylak

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine, Kyiv,
Department of Catalytic Synthesis

Styrene is the most desired product of the toluene with methanol side-chain alkylation reaction. The reaction proceeds
over the base catalysts like low silica alkaline-exchanged zeolites, but with utterly low selectivity. Xylene isomers concur-
rently appear on the such contacts as the result of ring alkylation.

The aim of the work is to evaluate the selectivity of the toluene with methanol alkylation reaction, realized over zeolite X
modified with ammonium hexafluorosilicate under different conditions.

The catalysts preparation includes the ammonium hexafluorosilicate treatment of zeolite X in aqua or ammonium acetate
medium following by ion exchange with KNO; or KOH and then the samples obtained were impregnated with 10 % wt.
CsNO;. The catalysts have been tested in the micro pulse setup at 400-500 °C (carrier gas — helium, toluene : methanol mo-
lar ratio 2 : 1).

It was determined that ammonium hexafluorosilicate modification causes rise of the catalyst activity in comparison with
such for the unmodified sample. Side-chain alkylation occurs exclusively on the modified in aqua medium catalysts. Such
catalysts produce in 3—11 times more styrene than sample modified in ammonium acetate. Moreover, the significant increase
of styrene:ethylbenzene ratio in the products has been observed. Therefore, the ammonium hexafluorosilicate treatment in
the aqua medium following by ion exchange with both KNO; and KOH and cesium impregnation seem to be the most ef-
fective catalyst modification procedure.

UDC 544.032.7

Hybrid nanocomposites of conducting polymers
for ammonia and amines detection

S. Mikhaylov"”, A. Pud', J-L. Wojkiewicz, P. Coddevillé’

!Institute of Bioorganic Chemistry and Petrochemistry NAS of Ukraine,
Chemistry of functional materials department
’Mines Douai, Département Sciences de I’Atmosphére et Génie de I'Environnement (SAGE)

The detection of ammonia and amines gases is an important challenge at present time. Specifically clinical diagnostics,
agriculture, industrial processes, environment protection need compact, sensitive and cost-effective solutions in the matter.
As a response to this challenge we focus our work on the development of polyaniline (PANI) and polypyrrole (PPy) based
hybrid nanostructured composites with high sensitivity to ammonia and amines at concentrations down to low ppb level.
Unlike their neat components, these new nanocomposites, made through combination of PANI or PPy with semiconducting
metal oxide nanoparticles, exhibit synergistic effect due to specific chemical and physical interactions along polymer-oxide
interfaces existing inside the nanocomposite. The used fabrication protocols involved simple one-step chemical aniline or
pyrrole polymerization in the presence of TiO, nanoparticles under action of oxidant (NH4),S,05 or FeCl; respectively. In
case of aniline the dodecylbenzenesulfonic (DBSA) and laurilsulfate (LSA) acids were used as dopants. This approach al-
lowed formation of nanocomposites with core-shell morphology. The influence of the polymerization conditions and dopant
nature on key properties of the target nanocomposite materials was investigated. The composition, structure and core-shell
morphology of the synthesized nanocomposites was confirmed by FTIR, XRD and TEM methods. The TiO,-PANI/DBSA
and TiO-PANI/LSA nanocomposites showed highest and reproducible responses to ammonia, methylamine (MA) and
trimethylamine (TMA) gases even at low concentrations (down to 200 ppb).
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Using of heteropolyacid catalysts
in the process of glucose and cellulose conversion

D.V. Molodyy, L.V. Golovko

Institute of bioorganic chemistry and petrochemistry of the NAS of Ukraine,
laboratory of sorbents and supports

Dehydration of glucose and cellulose in an aqueous solution in hydrothermal condition with presence or absence of
heteropolyacid catalysts was investigated.

The method of temperature programmed desorption of ammonia from the surface of catalysts was confirmed the super-
acid grade of catalytic centers of the synthesized hybrid catalysts. The Keggin structure of heteropolyacid in the composition
of hybrid catalysts was confirmed by IR spectroscopy.

It was showed that at the equal conditions of conversion on hybrid catalysts the depth of transformation of glucose con-
siderably exceeds conversion of cellulose. The catalytic activity of hybrid catalysts H;PW1,04¢/Si0; in 2-2,5 times higher
than the activity of pure HsPW,04. The ratio of the reaction products was almost equal in presence and absence of hybrid
catalysts.

It was shown that temperature dependence of 5-hydroxymethylfurfural yield as a result of conversion reaction of glucose
has extreme character with a maximum at the temperature of 190 °C.

UDC 547.814.5

Synthesis of isoflavone Mannich bases
and their transformation

G.P. Mrugl, S.P. Bondarenkoz, M.S. Frasinyukl, O.M. Vasylenkol

!Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine, Kyiv,
Department of nitrogen-contain heterocyclic compounds;
’Kyiv Taras Shevchenko National University, Kyiv

Chromane alkaloids and their synthetic analogues play significant role for the development of the new type of
drugs. We studied synthesis the aminomethyl- and (alk)oxymethyl derivative of 5-hydroxy-7-methoxy- and 7-hydroxy-5-
methoxyisoflavones as alkaloid and synthetic flavones analogues, which possess CDK1 inhibition, and there are promising
anticancer compounds.

Thus, the aminomethylation of 7-hydroxy-5-methoxyisoflavones led to formation of 8-aminomethyl derivatives
only. The aminomethylation of regioisomeric 5-hydroxy-7-methoxyisoflavones 4 led to formation of 6- and 8-aminomethyl
derivatives inratio 2 : 1 which were separated by column chromatography.

MeO o MeO o MeO o
Ar Ar Ar
N OH O
Me” “Me
5

OR OH O OAc OAc O
HO OH

Q;} — Q;} — — J

OH
4 3 1
R = H, Me, Et
Ar =2-MeOCH,, 4-MeOC H,

Interaction of the synthesized Mannich bases 5 with acetic anhydri-de/potassium acetate were synthesized di-O-acyl
5-hydroxy-6-hydroxymethyl-7-methoxyisoflavone 6 derivatives. The deacylation of these compounds in alcohol led to for-
mation of unexpected 6-alkoxymethyl derivatives 7. Cristatein and its derivatives were synthesized by hydrolysis of com-

pounds 6 in water-dioxane mixture. The synthesized compound structures were confirmed by 2D NMR spectroscopy
(COSY, NOESY, HMBC etc. methods).
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Synthesis of new pyroline containing isoxazole derivatives
by ring-closing metathesis reactions

0.V Pavliuk, Y.V. Bezugly, V.I. Kashkovsky

Institute of Bioorganic Chemistry and Petrochemistry NAS Ukraine,
Department of organic and petrochemical synthesis
Sulfonamides and their isoxazole derivatives, have recently attracted much attention of researchers as objects for phar-
macological investigations. A number of biologically active compounds has been identified among this class of substances
and some of which have already found practical use as commercially available pharmaceutical drugs.
We investigated the possibility of using ring-closing metathesis reactions for synthesis of new pyroline containing sulfonamides
of isoxazole series. The new series of diallyl su]i‘agilamides (27-28) were synthesized (Scheme 1) for this purpose.

H\C4O H._NOH cl NOH
N-CI Br N—O
NH,OH o = i
_ 7 Br
R R R R

(1-4) (5-8) (9-12) (13-16)

N—O

7 BrH
SC(NHZ)7W NH clf d, N—Q /\/
R (17-20) // SO,-N
SO5Cl
Na2S03 W\

SO3Na (25-28) (29-32)

R
(21_24) R= CH3’ OC2H5’ OC3H7’ OC4H9

Later, by means of reacting of the sulfonamides (29-32) with 1 mole% ruthenium carbene catalyst (Ru) new
sulfonylamide derivatives of Isoxazole (33—36) were synthesized by us with high yields (85-90 %)

PC)E’,I
4 \
o] Cl
- Vi PCy3
Lo (]
R\
R
(29-32) (33-36)

(29,33) R= CHj; (30, 34) R=0C,Hs; (31, 35) R= OC;H;; (32,36) R= OC,H,
The structures of all new compounds were verified by "H NMR spectroscopy.

UDC 541.128.13 ©2014
Dynamic Phenomena in Zeolites

O.P. Pertko, K.I. Patrylak
Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Sciences of Ukraine,
Department of Catalytic Synthesis

Zeolites are well known modern catalysts of carbonium ion petroleum-refining processes. Their catalytic properties de-
pend from the nature of exchanged cations and generated acid sites. Since zeolites characterize by developed porous
structure and molecular sieve effect, availability of active sites is a key point for catalytic conversion. Therefore, any infor-
mation about the cation distribution and behavior within the zeolite framework is of great importance.

The aim of presented work is to use ammonia TPD method to determine the localization of the cations in the zeolite
structure. As the research object the simplest zeolite form NaY has been selected.

Experiment procedure consists in zeolite sample (0,1 g) dehydration (up to 380 °C), ammonia adsorption at 200 °C, am-
monia thermoprogrammed desorption (200-500 °C) and sample rehydratation. After that, the experiment was repeated.

Absolutely different ammonia thermodesorption in the thirty consecutive experiments from the being dehydrated-
rehydrated NaY zeolite has been revealed. This picture has been explained by changing the current location of the cations in
the zeolite structure.

The zeolite was considered as the system of point charges which according Earnshaw’s theorem cannot has the energy
minimum, and so any negligible action can turn out the zeolite from the state of unstable equilibrium. Therefore, such dy-
namic phenomena as permanent motion of exchange cations is the condition of zeolite structure stability.
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First example of [3+2] intramolecular cyclization
with new fluorocontaining cyclopentenones formation
K. V. Tarasenko, V.E. Ivasyshyn, LI. Gerus, V.P. Kukhar

Institute of Bioorganic Chemistry and Petrochemistry NAS Ukraine,
Department of Fine Organic Synthesis

Recently we have developed the synthesis of new type of fluorinated enones — cyclic enones 1 bearing additional pro-
tected hydroxymethyl function, that was successfully utilized in various synthetic purposes. For example, some of CF; con-
taining products were obtained:

Q Q OH

s R o S8 O U, Yoy Vs SO

FsC g
1 (R =H, Me) FoC™ o7 FoC FC7707  FCTh07 TN

Now we have synthesized new cyclic enones 2 bearing (chloro,bromo)difluoromethyl groups (CCIF; or CBrF,) and un-
expectedly found that the reaction of the enones 2 with an excess of secondary amines afforded to 3-dialkylamino-5,5-
difluoro-4-hydroxycyclopent-2-enones 4 in good isolated yield:

XFoC~ N OX m
2 Me 0 C F OH o OH
2 2 FFF
X = Cl, Br 3 4

We propose that the formation of new C—C bond is a result of previously unknown [3+2] intramolecular cyclization of
an intermediate 3. The gem-difluorocyclopentenones 4 are versatile intermediates to synthesize a wide variety of difluoro-
methylene analogues of biologically interesting compounds.

UDC 544.72

The effect of carrier on the conductivity
of proton conductors based on nafion

D.O. Trepyadko, R.V. Korzh, V.A. Bortyshevskyi

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine,
Laboratory of Zeolite Catalysts and Sorbents

The purpose of our study was the investigation of the influence of the structure of the organic carriers for the conduction
of proton conductors based on Nafion 117.

It was developed and designed the installation for the measurement of total and proton conductivity of proton conductors
with length up to 25 cm in the temperature range from 15 to 200 °C at atmospheric pressure and relative humidity of 100 %.
The proton conductor was made by coating from a solution of Nafion 117 of the prepared media with structures shown in
Table.

Table. Organic carriers for proton conductors based on Nafion 117

. poly-para-phenylen
Fiber polyethylene terephthalate terephthalamid cellulose
) H\N‘< - OH
] ; o H‘N—(: :}—?_Q—« o " OH
Formula ~|:>\\C4©>7C//_O_CH2_CHZ_OE|‘ L©_§° K o H\N4< | |HO! 2 OFE)%?\O
n 9 H‘N—Q—N\j O $ OH
O~ A OH

Tensile strength, kgf/mm’ 17.2 362.0 43.0
E;df g;(,) tg/rclrcrf nductorear 1.3x10" 1.4x10” 1.7x10"

The developed experimental setup will allow the further simplifying of the search for the optimal proton conductor. Last
one would provide the proton transport in particular, and hydrogen at all, at long distances to the necessary places, and most
importantly, in controlled amounts.
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Development of non-peptide inhibitors of furin
T.V. Osadchuk', O.D. Fedoryak', V.V. Kyslyy', O.P. Kozachenko', V.S. Brovarets', V.K. Kibirev’

!Institute of bioorganic chemistry and petrochemistry, National Academy of Sciences of Ukraine, Kiev
*Palladin Institute of biochemistry, National Academy of Sciences of Ukraine, Kiev

Furin is a proprotein convertase that is a member of a family of serine proteases. The purpose of the work is design and
synthesis of new non-peptide furin inhibitors. The best results were obtained with bis-amidinohydrazone derivatives (I). The
inhibition mechanism was found to be competitive and mixed.

o o—<§ >—Am
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The antifurin activity was shown to grow with the increase of the length and hydrophobicity of the bridge. The most ac-
tive compounds containing in the bridge the lypophylic benzene cycle was found to inhibit the activity of furin with K; =~
0,50 uM. The docking of these compounds into active center of furin was performed.

Also the derivatives of thiazines were studied as inhibitors of furin.
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Methanol production under
mechanochemical activation of the catalyst
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One of the ways of improving the performance of catalytic processes is using the technology of continuous (uninter-
rupted) mechanical activation of the catalyst in situ under conditions of "mechanochemical Catalysis" (its variation — aerosol
nanocatalysis AnC) in vibroreactor.

The advantage of mechanochemical catalysis is continuous dispersion of the catalyst to particles of 5-200 nm in size
with simultaneous restoration of the active surface, formation of defects of the structure and decreasing the activation energy
of the adsorbed reactants.

In the submitted paper the impact of mechanochemical activation (MCA) of the industrial copper-zinc-alumina oxide
catalyst SNM-U (Ukraine) on the process of conversion of syngas to methanol is represented.

The experiment was carried out in statically circulating installation with non gradient reactor in the temperature range of
140-260 °C at atmospheric pressure. The reactor was filled with dispersive material for 50 % and a small amount (0,32-2,5
&/lieactor) Of shredded catalyst SNM-U with the initial particle size of ~ 200 microns.

The impact of temperature and catalyst contents in reactor on syngas conversion to methanol has been investigated.

It has been determined that mechanochemical activation of catalyst causes lowering of the initiation temperature of the
reaction for approximately 40 °C — from 200 to 160 °C.

There is an essential increase of specific reaction rate (capacity of catalyst), selectivity for the main components, carbon
conversion level and also decrease of the velocity of side reactions with the lowering of catalyst concentration in the reactor
from 2,5 to 0,32 g/l of reactor.

Productivity (0,16 g/g.. per hour) under the catalyst concentration in reactor of 0,32 g/l is only 4 times less than the best
results of the commercial tests of SNM-U catalyst at the temperature of 220-260 °C and the pressure of 9 MPa.

The research of compositional change of the initial and target products during the time of experiment confirms the cor-
rectness of the mechanism of reaction of methanol synthesis from syngas proposed by A.Ya. Rozovskyy and et al. for the
copper—zinc—alumina—oxide catalysts.

Results of the research illustrate the advantages of mechanochemical method of synthesis gas conversion to methanol:
simplification of the flowsheet; lowering of initial temperature of the reaction; possibility of carrying out the reaction at at-
mospheric pressure; significant decrease in value of the catalyst per unit volume of reactor; overall cost reduction of the
process of synthesis gas conversion to methanol.



Kamanusz u negpmexumusn, 2014, No 23 107

UDC 547.321 ©2014

Synthesis and investigation of physicochemical
properties of new difluoromethylene bearing enones

M.Ya. Bugera, V.E. Ivasyshyn, K.V. Tarasenko, LI. Gerus

Institute of Bioorganic Chemistry and Petrochemistry of NAS of Ukraine, Kyiv
Department of Fine Organic Synthesis

The finding new fluorine-containing synthons is the main subject of the department NeO1 of IBPC NUAS, and now we
have synthesized a series of diflluromethylene bearing enones 2a-g, using difluoroacetic acids 1a-g with aryl, hetaryl and
alkyl substituents as the starting reagents.
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Powerful synthetic possibilities of the compounds 2 were shown by the example of enone 2b: various heterocyclic com-
pounds bearing diﬂuorornethylene link at a desired position were obtained in good yields.
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Antimicrobial properties of imidazolium ionic liquids
and their complexes with 3-cyclodextrin

'D.M. Hodyna, 'L.E. Kalashnikova, 'L.O. Metelytsia, 'S.P. Rogalsky,
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Ionic liquids (ILs) are considered as novel promising biocides due to the broad spectrum of their antimicrobial activity, as
well as anti-biofilm activity. The goal of current research was to estimate antimicrobial properties and ecotoxicity of ILs
comprising 1-dodecyl-3-methylimidazolium cation.

Water soluble IL, 1-dodecyl-3-methylimidazolium chloride (DMIM-CI) and water immiscible 1-dodecyl-3-
methylimidazolium tetrafluoroborate (DMIM-BF.,) were synthesized according to the following scheme:
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Inclusion complexes of ILs with B-cyclodextrin (CD) were obtained in water-ethanol (1 : 1) mixture and characterized by
IR-spectroscopy.

Both IIs and their complexes with CD were found to have excellent anti-microbial activity against Staphylococcus
aureus (ATCC-25923), Escherichia coli (ATCC-25922), Pseudomonas aeruginosa (ATCC-27853), Candida albicans (M
885 ATCC 10231) and Candida albicans (clinical isolate) strains.

Acute toxicity (LDs) of samples on a model of hydrobiont Zebrafish (Danio rerio) was registered for DMIM-CI1 — 5
mg/l, DMIM-CI with B-cyclodextrin — 40 mg/l, DMIM-BF,4 — 7 mg/l, DMIM-BF, with B-cyclodextrin — 100 mg/l. Thus, the
obtaining of IL-CD complexes is effective approach to reduce the toxicity of IL biocides keeping strong antimicrobial
activity.
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The new spirocycloalcenic pyrazolidine-3,5-dione
derivatives synthesis by means of ring-closing metathesis
V.M. Holovatiuk, Yu.V. Bezugly, V.I. Kashkovsky

Institute of Bioorganic Chemistry and Petrochemistry NAS Ukraine,
Department of organic and petrochemical synthesis

A lot of different pyrazolidine-3, 5-dione containing compounds were shown to be used in biology, pharmacology and
medicine very actively. Therefore, this type of heterocyclic systems is interesting object for further research in the area of
chemistry and biology.

The new spirocyclic unsaturated 1, 2-diphenylpyrazolidine-3, 5-diones were synthesized by ring-closing metathesis reac-
tion. It should be noted, that metathesis transformations were carried out in the presence of ruthenium containing carbene
complex — Grubbs second generation catalyst (11) (3 mol. %) in dry dichloromethane (0.5 N solution) at 41 °C for 1 hour.
All new products were purified by column chromatography and the yields of obtained compounds were scope of 70-90 %.
The structures of spirocyclic pyrazolidinediones were verified by NMR spectroscopy ('H).
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It was carried out the computing analysis of synthesized products by means of Prediction of Activity Spectra for Sub-
stances program and resulting unsaturated spirocyclic pyrazolidindiones were found to have some biological activities, such
as CYP2AS substrate, testosterone 17beta-dehydrogenase (NADP+) inhibitor, L-glutamate oxidase inhibitor, anti-
inflammatory activity etc.
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8 epyous 2014 p. eunosuunocs 80 pokie 0okmopy XimiuHux Hayx, npogecopy IOniro Bonooumuposuuy
Tanuyky. Bin napoouecs y Hegenuuxomy ceni Poowcanisxa na Teproninni. Yepes nuxonimms, 8iliHy i NOBOEHHY
po3pyxy 3akinuue Toscmencovky cepeonio wkony mineku y 1954 p., a 6 1959 p. — Uepniseyvkuil ynisepcumen.
Ipotiwos neneexuil, mepHuUCmull Wax y Hayyi, 3 ycnixamu i Heeoayamu, 3000VmMKaAMU 1 pO3UAPYEAHHAMU. .

Mu, tiozo Opy3i ma npusmeni 3 lncmumymy 6ioopeaniunoi ximii ma nagpmoximii, Incmumymy ximii' uco-
KOMONEeKYAAPHUX chonyk, Tnemumymy opeaniunoi ximii HAH Ykpainu, cepoeuno simaemo xoneey 3 1siieem,
basccaemo tiomy wge 00682ux pokie sxcumms y 000pomy 300po8’i, wacms ma paoocmi, a npo me, K CMae Ximi-
KOM [ W0 3p0o6bue y Hayyi, 6iH pO3NOGICb CAM...

3a scix — axademik
Banepiu Kyxap

Mol miBCTOJITTA B XiMil

10.B. Tanuyx

Inecmumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu
Yxpaina, 02094 Kuis, eyn. Mypmanceka, 1; men. (044) 543-51-52

3pobiieHo TiICyMKOBHIT OIVIS HAYKOBOI JISUIBHOCTI JIOKTOpa XIMIYHMX Hayk, mpodecopa
FOmnist Bonogumuposnya Tandayka.

51 He XOTiB OyTH XiMIKOM. Y IIKOJIi HAHOLTBIIIE 3aXOMITIOBABCS (PIBUKOIO, JTIOOUB MaTeMaTHKY, OI0OTito, JiTepaTy-
Py, ale KoM Hall, st CKa3aB OW 3HAMEHWTH yuuTens ¢izuku Poman BacumsoBuy Jlannieiiko Bxe nepes caMiMH BH-
MyCKHIUMH eK3aMeHaMH CKa3aB, 0 TaHdyk erHMiT 3 000X KI1aciB IOro BUITYCKY 3aCBOIB IPOrpamMy CEpeIHbOI IIKOIH
JIOCKOHAJIO, TO MOSI JIOJsS OyJ1a BUpIIIICHA. .

HacrynHoro us1 micmst BUITyCKHOTO Be4Opa MU, OUTBIIICTD YUHIB HALIIONO BUITYCKY, KOMITaHIETO Moixanu 10 YepHiBLiB
— HalOMIKIOro BiJl HAC MICTa, JIe Y TOW Yac OYyIJI0 TP BUIIMX HABYAJIGHUX 3aKJIaJIH; JICP>KaBHHUI YHIBEPCUTET, MEIMYHUI
Ta MeJAroriYHUN HCTUTYTH. BUIbIIiCTh 13 MOIX ApY3iB Momaiy JOKyMEHTH 10 YepHIBEIBKOro MEAMYHOrO IHCTUTYTY. S
HE MIT IM TyT CKJIaCTH KOMIIaHito, 00 ayxe OOIOCh MEPTBUX, HE MOXKY AMBUTHCS Ha OyIIb-sIKi JIFOJCHKI BaH 1 CTpayK-
JIaHHS1, TOMY CBOI IOKyMEHTH TOJaB J0 YHiBepcuTeTy. Ta, TUIbKM 3aKiHYMBLIM TaM THCATH 3asBY, 5l IOOAYHB, SIK Y TPU-
Mittensst [ IpuiimManbHOT KOMICHT YBIHIIIOB CTYIEHT TeoIoriaHOro (axymnpTery B elleraHTHIN CTyJeHTChKil yHidopmi. S
MHTTEBO TIEPEAPECYBAB CBOIO 3a5BY 13 (PI3MKO-MATEMAaTUYHOTO Ha TEONOruHMiA (akymnbreT. CrpaliroBaB, MaOyTh, 1€
BOEHHUM, UM 1 CENISTHCHKUI CHHAPOM... [10100a110Cch Bee, 1110 ONHAIIUTS. .. $1 3aBKIM MpisSB OyTH TUTHKU BiliCBKOBUM.

o6 mocTynuTH Ha TeONOTUHMN (PaKyiIbTeT, sIK 1 Ha (i3UKO-MaTeMaTHUHUI YM 1 XIMIYHUH, TOIi Tpeba Oyio 3matu
11 BcrynHux ex3aMeHiB. 10 ek3aMeHiB 51 3/1aB Ha “BiMIHHO™, a 3 HIMEIILKOI MOBH OTPHIMAB ‘‘33JI0BUTLHO . Uepes 1ie y
TMIEPILIOMY CEMECTpi HE OTPUMYBAB CTHIICHI]I... XOTIB Oy/I0 KUHYTH yHiBepcuTeT. Ta Mu, 5 1 MOi OaTbKU, BUTPHMAIIH.
Ieprry ceciro st 30aB HA BiAMIHHO, OTPUMaB MiIBUILEHY CTHIICHIIO 1 cTaB HalbaraTimM y Haiiil poauHi. Ha nepum
CBOI CTYZIEHTCBHKI KaHIKYJIX 51 IPUIXaB y CENO BXKE Y PO3KIIIHOMY OJHOCTPOI CTyAEHTA-Te0NIOra. .

CTymeHTChKII MyHIIMD TIPUXOBYBaB MO€E KOJITOCITHE TIOXODKEHHS, 1 Ha CTYICHTChKHX Beuopax y Pesunentii 51 mo-
YyBaBCs IOCUTH BUIGHO... BapTo 3a3HaumMTH, 10 TaK, sIK pO3BaKAJMCS y Mill 4ac cTyeHTH Y UepHIBIUIX, Hi )KOZIEH YHi-
BEPCHTET, Hi )KOAHE MICTO IOXBAIUTUCS HE MOXKYTb. YCi CTYAEHTCBHKI BEYOPH MPOBOAIINCE Juiie y Pesunentii (6-i
KOpITyC YHIBEPCHTETY), & TaM — TPH BEJIMYE3HUX TAHIIOBATBHUX 3aJIH, IOCTYIHI KOOKHOMY... TOMY Lie i 1ano MeHi npa-
BO IIPY HArofli CKa3aTH, 10 TOi He OYB CTYAEHTOM, XTO He BUMBCA Y UepHiBIIIX!

Ha reonoriunomy ¢akymnbreTi BUATHCS OYJI0 JIETKO, BIIACHE, MPAKTUYHO HE MOTPiOHO Oyno mparroBatd. Mu i He
nparoBaii. CTyJeHTU-TE0I0rY B OCHOBHOMY TYJISUTH, 1HOJI OeIIKeTyBasH, IeSIKi TFOOWIX i BUIUTH... J{iBuara 3 iHIImX
(aKynbTETIB 0X0U€E IPYKIIIM 31 CTYAEHTaAMHU-Te0JIoraMy — To OyJio mpecTikHo. JliByat Ha HamoMy akysbTeri 31 150
CTY/IGHTIB OYJIO BCBOI'O IT’SITEPO...
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Binpasy micnst 3akiHueHHs eK3aMeHaliiHOI cecii HampuKiHI TpaBHA 1956 p. s paniB, 00, YCHIIIHO 30ABIIA MOKE
HaHCKJIaIHIIIMI eK3aMeH 3 MiHepaJsIorii, yKe HAaCTYIMHOro JHS MaB BUDK/DKATH HA JIITHIO MPAKTHKY — B HAYKOBY €KCIIe-
JMILIIO 3 IOLEHTOM KadeapH 3aransHoi reosnorii Tamaporo [BaHiBHOIO MockarnieHko — BoHa B Kapriarax 30upana mate-
piajt s JOKTOPCHKOI IrcepTartii.

Ta 3aMicTh IIHOTO HAC, YCIX CTYIEHTIB reoIOriyHoro (aKyisTeTy 3i0paiy B HalOumbmii 114-i aymuTopii TpeTboro
KOpIycy i caM pektop yHiBepcuteTy KopHiit Martsiiioid JleyTcpkuii 3aunTaB HaM Haka3 MiHicTepcTBa OCBITH PO Te,
1110, OCKUTHKK “HUHI (Di3MK MOYKE 3pOOMTH Y TEOJIOrii HE3PIBHSAHHO OUTBINE, HK KJIACHYHHI T€OJIOT, TO BiJi ChOrOHI
reoyoriyauil hakyserer y YepHiBeIbKOMY YHIBEpCHTETI 3aKpuBaeThcsl. Ha mepimii Kype cryzneHTiB HabupaTtu He Oy-
JlyTh, & CTYZICHTH, SIKi 3aKiHUMJIM TIEPILNiA, IPYTHi Ta TPeTiid KypcH, OyIyTh TepeBeaeHi Ha BIMIOBIIHI KypcH (i3uKo-
MaTeMaTH4Horo GakymnsreTy... CTyneHTam, sKi 3aKIHIHIN YETBEPTHI KYpC, AalyTh MOXJIMBICTD 3aBEPLIMTH HABYAHHS
y JIbBiBCEKOMY YHIBEpCHUTETI .

OueBHTHO, KEPIBHUIITBO YHIBEPCUTETY PO3YMLINIO, ITI0 HE BCl CTYICHTH T'€OJIONYHOro (DaKyJIbTeTy 3MOXKYTh BUUTHCS
Ha (BUKO-MaTEMaTHIHOMY 1 HaJajo AedKki BUIbHOCTL. 110MoBHHA KOMMIIHIX CTYEHTIB-T€0JIOriB MEpeBeach Ha reo-
rpadiuamii (aKyJIbTeT, MO0 MOTIM CTaTH CHHONTHKAMH, 1HIA TIOMOBUHA 3aIMIIMIacs Ha ¢isMari... S omuH, MeHi 31a-
€TBCA, Ha LIEH pa3 mocTymuB Myapo... [Tpuixasim 10 YepHIBLIB Aeck OIMU3bKO 25 cepriHs, st To0iraB mo pisHuX (aKyiib-
TeTax. Beromy mie BUCIM po3KiIaaM ek3aMeHIB MUHYIIOL cecii, 1 11e Aao MeHi MOMKIIMBICTb TIOPIBHSATH, SIKi MPEMETH
BHBYAJIM HA TIEPIIOMY Ta JPYrOMY Kypcax, BIacHe, ABOX — XIMIYHOro Ta OioioriaHoro paxyibTeTiB, i g 0AaB 3asBU Ha
obuzpa... Y BepecHi 1956 p. MeH1 HapaxyBajv CTHIICHIIIIO HA YOTUPBOX (aKynbTeTax... [IpocTo, st 3aryouBcs. ABTOMa-
THYHO MEHE TIepeBEiN Ha (Pi3UKO-MaTeMaTHIHUH (aKyJbTET, pa3oM 3 APYroro MOJOBHHOIO KypCy 3apaxyBajii Ha Ieo-
rpadivHmii, a 3TiTHO MOIX 3asB — Ha OI0JIOrYHUH Ta XIMIYHHA... 51 00paB XiMIYHHIL...

Ha nepmomy konokBiymi 3 opraidHoi Ximii iekaH (aKyJabTery, TOmi 1ie ToueHT AHApiid Bonomimvuposid JoMo-
POBCHKHH JIMILIE MEHE i3 HAILIOT YeTBEPTOI TPYIH MOXBAIKB. Sl €AMHUH, “NO30MpaBILK” 3HAHHSA I1IE 13 CEPEeIHBOI KO
(mepILy MOMIOBHHY BEJIMKOrO KypCy OpraHivHOi XiMii 51 He cTyxaB, 00 KOMIM BOHA YMTANIacsi Ha ApyroMy Kypci, s mie OyB
CTYZIEHTOM-T€0JIOrOM), Ha3BaB MPABIJILHO BCi BYITIGBOJHEBI pajvKaM HapadiHOBOTO psidy, MOSICHUB iX CTPYKTYpHI
BIIMIHHOCTI, 130Mepito TomIo... Li€i moxBanm Bin qekaHa, sSKUii Cripapi OyB BUAATHAM XIMIKOM-OpPraHIKOM, BUSBIIIOCS
JOCTaTHBO, 1100 s 3a0yB 1 PO TeoIoriB, 1 Mpo ¢i3mart, 1 mpo reorpadiunuii Gaxymnsrer... Sk i Oya0 JOMOBIEHO, s 103-
JIaB CBOI JIBa €K3aMeHHU. Y CITIIITHO 3aKiHUMB TPETiH 1 yeTBepThii KypcH. JIMuioMHy poOOTy BUKOHYBaB Ha Kadeapi op-
raiyHoi ximii B A.B. JloMOpoBcbKOro, Xoua MeHe JIyKe 3Ba0IIoBaB JI0 cede y AUTUIOMAHTH BUKIaaay 13 Kadeapu ¢i-
3uyHoi Ximii Tapac Bacubosiy I 'opeHko.

OcTaHHIO cecito Ha I’ SITOMY Kypci s 31aB 100pe 1 OTpuMaB MiABHILIeHY cTureHaito. [1ix kepiBHUIITBOM yxe mpode-
copa A.B. JIoMOpOBCBKOTO 1 32 MATPUMKH TOAI aCHCTeHTa KadeapH, a moTiM npodecopa JIbBIBCBKOrO YHIBEPCUTETY
Muxkonu [BaHOBHYa ["aHyIIaKka s1 BUKOHAB IMIUIOMHY POOOTY, IIPUCBSYCHY TajoreHapuITioBaHHIO (peakiisi MeitepBeii-
Ha) aKposieiHy Ta KPOTOHOBOTO abjeriay... OCHOBHUM 3aBIAHHSAM OyJI0 OTpHMAaTH TAKAM YMHOM KOPUYHHI ajlbaeria
Ta Oro TOMOJIOTH:
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3po0uTH 11e HaM He BIATOCS — MU HE 3yMiJIM BiIIIENUTH XJIOPHCTHIA BOACHD Bifl MPOAYKTIB XJIOPapUITIOBAHHSI HEHa-
cuueHnX anperiniB. Pobota Oyia He ckiamHOIO, ajle caMi BUXi/IHI PEYOBHHH MaJli CHJIbHI JIAKPUMATOPHI (aKpOIeiH)
BIIACTHBOCT] — IJIAKaB HE TUIBKH 5, a 1 KOXKEH, XTO MPAIFOBAB MOPYHY...

Myriry 313HaTHCS, 1110 CBOIO IUTUIOMHY POOOTY S BUKOHAB SIKOCh HECBIIOMO.... Ta cranocs muBo! Miit HaykoBHiA Ke-
PIBHHK, JIeKaH XiMiuHOro QaxynsTery Anapiii Bomomuvuposid JloMOpOBChKMiA YOMYCH MEHI BillIaB OT€ €/IMHE, TAKH
HaHKparle HalpaBJieHHs Ha poOoTy B PyOikaHCEKY (iTit0 MOCKOBChKOro HaykoBO-I0CTIIHOTO IHCTUTYTY OpraHidHuX
HaniBrpoaykTiB i GapeaukiB (H{IOHiB), pociiiceka abpeiatypa — HUMOITuK. Moske, To OyIo i HecipaBemBo, 60
B HAIUIH TPYITi AUTUIOMAHTIB OYiM CUITBHILII, Maibke aHaThku Tiei opraniunoi ximii. Lle i Ian [llomoron, i borgan Ka-
cipyk, i Orro Cramkesuy... HaficipHimmm xiMikoM 13 Hac 6yB Mukona bomHapayk, ajie BiH Ha 11 HanpaBJieHHsI He
NpETeHAyBaB, 00 €MHUI 13 HAILIOTO KypCy OTpHMaB PEKOMEH/IALIII0 BUEHOI paJy YHIBEPCUTETY Ha MPABO BCTYIATH 0
acnipanTypu [HcTuTyTY OpranivHOi XiMil Akanemii Hayk Ykpainu 0 Kuera... Ham Topi 11e BUmaBanocs 4umMoch Haji-
3BUYANHUM...

i xyromi mie 3 Ipyroro Kypcey IMovaiiy 3aiMaTHCs HAYKOBOIO POOOTOrO Ha Kadyepi OpraHivyHoOT XiMii — ITiCIs JIeKIi
XOIMJIY NpaLioBaty y laboparopii. bomHapuyk Ma ysxe 1181, a [Lllomoron — oqHy ormyOsikoBaHi HAYKOBi CTaTTi... Sl 3k He
3HaB, 110 TaKe HayKoBa po0OoTa... Ta 11e HanpasieHHs Ha poOoTy 5 y JloMOpOBCHKOro He BUIPOITYBaB. Bin cam, HaBiTh
Ha JISIKE MOE 3IMBYBaHHS, YOMYCh BiIIaB H10oro MeH1. MoiX JIpy3iB I1e TPIIIKK 3a4EIHIIO. ..

Moixe, He BapTo, ajie X04y MOXBAaCTaTHCs], 1110 sl HaYe OMpaBJaB CIOAiBaHH: mpodecopa JJoMOpoBCBEKOro — s Ipy-
rum nicist Mukomu bopHapyyka i3 57 Halmx OJHOKYPCHMKIB BCTYNUB JI0 aCHipaHTYpPH 1 IPYTHM 3aXUCTHB KaHIUAaT-
cbky aucepraito. Kpim Jlinii KanimanoBoi (1uxona akagemika K.b. AupmMupcebkoro) Ta MeHe (HisSKOT LIKOMIHN) JOKTOPOM
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HayK HE CTaB HIXTO, X04a MOXJIMBOCTI B Hac Oy/M OJHAKOBI, a MOXKE, i HE OHAKOBI — BOHM BUMJIMCS Ha XIMITHOMY
(akynbTeTi 5 POKIB, a 5 3aKiHUMB 1oro 3a 3... Bci BoHM motiMm cranu kaHauaatamu Hayk. [Ban Llonoron 12 pokis OyB
JMPEKTOPOM Y KpaiHCHKOr0 HayKOBO-ociiaHoro iHcTuTyTy tactMac (YxpH/II Itactmac) y M. JIoHenbk.

Ximikom 51 ctaB y PyOixHomMy. Tam 11t mporo Oysu i yMoBH i, 51 6 cka3aB, 10Opa METOAOIIOT ST, Y1 TEXHOIOrs Hif-
TOTOBKH XiMIKiB-JIOCII/THHIKIB, X04a Yy Hamiii (itii Tozi 1e He Oyio KOMHOro KaHMaTa HayK, a BCIM IPOIIECOM Kepy-
BaJIM JBOE YM TPOE ACHIPaHTIB, SIKi BUKOHYBAJIM TAKOK OOOB’SI3KM 3aBimyBauiB BigautiB i jaboparopiit. Ta Bce mo-
MOPSAKY...

HaykoBuM KepiBHMKOM MOTO BiIJiiry OyB BUITyCKHHK MOCKOBCHKOTO XiMIKO-TEXHOJIOITYHOTO iHCTUTYTY iM. [I1.
Menneneera Jleonin XaniHoBrna BuHOrpa, sKOTo IMiCHs 3aKiHUeHHS acIlipaHTypH HalpaBUIHM Ha poOoTy B PyOibkHe.
Bin y mepumii neHs Hamoro 3HalHoOMCTBa PO3MOBIB MeHi, unM 3aiiMaethest HIIIOHIDB, sike 3aBmaHHS CTOTTH TIepe] Biyti-
JIOM 1 CKa3aB, 110 51 Oy Iy 3aiMatucst cuaTe30M (hropoBmicHoro 6aperika Gelindon Chaki V, sikuii HimMIT BUITycKaiy Ha
koniiepHi IG Farbenindustri. [1led naB MeHi HiMeIbKUil IPOMNHC TSt CHHTE3Y ILOro OapBHIUKA, aJIe CKa3aB, 10 MU Mae-
MO 3HaHTH iHIIMIA MeToj1, 00 TexHomorito IG Farbenindustri My BuKopucratu He 3MoxeMo, ToMy 110 B CPCP mist 1iporo
HEMa€ BIIOBITHOI CUPOBHHM... [1icIsi TAKOro KOPOTKOTO O3HAWOMIICHHSI, HACMIXAIOUMCh HAJI MOEKO POCIHCHKOI0 MO-
BOIO, I MOCKBHY, apTOMa 3BHYAITHO, TIOMPOCHUB MEHE, III00M 5 PO3MOBIISIB 3 HUM KpaIle HIMEBKOIO a00 i yKpaiHCh-
Koro (BiH meper M OyB Ha JloHOaci i yske Tpoxu 0cBOiIB 1i), 60 clTyXaT MOIO POCIHCBKY — BIH HE BUTPUMAE, TIOMPE 30
cMiXy... I, He po3mUTyI0UM MeHe, IO s 3HAK0, IO BMIIO 1 UMM 3aiMaBcs B yHiBepcuTerTi, JIeoHin XaHiHOBUY OyKBaIbHO
B3s5IB MEHE 32 PYKY, BiIBIB y HayKOBY 0i0mioreKy iHcTUTYTY. [loKasas, 1ie 1 sika jtiTeparypa, i MOSICHHB, SIK HEFO KOPHUCTY-
BATHCHL...

Takoi 6i0rioTexu s 11e He OaumB — ycs JIiTeparypa, a ii, Maike BUHSTKOBO HIMEIIBKOIO MOBOIO, OyI10 [y»Ke Oararo i
BOHa OyJ1a JIOCTYITHOO — IMLIXOb JI0 TIONHIT 1 Oepy, 110 ToOi Tpeba. BxkaxHyBcs s TUILKH BifI TOT'O, 110, BIIACHE, HE 3HAIO
HIMEITHKOI MOBH 1 HIKOIM ¥ HE 3/10Ta TyBaBCs, 1110 BOHA TaK MEHi Oy/ie ToTpiOHa... 3 medoM Tpeda PO3MOBIISTH HiMEIh-
KOIO... 1 BCsI JIiTepaTypa Ha HIMELbKii. AHTIIOMOBHOI JliTeparypH Oyio Hebararo. 3ajMIIMBIIM MeHe y Oi0mioTer, med
CKa3aB, IO CIO/IM XOAUTHMEI TPH MicsL, a 3ycTpivatucs Mu Oyznemo mocyoorr. Tu po3noBinaTrMel MeHi, 10 BUYHU-
TaB 1 YOr0 HABUMBCA, SIKi {1l CTOCOBHO PO0OTH Y TeOe 3’ sBrymcs. Bee 3BakiMo, 00CyIMMO, BHECEMO KOPEKTHBH 1 0Y-
JIEMO PyXaTHCh JaJi...

3Mymienuii OyB cifaty 3a HIMEIBKY MOBY 1 B)Ke 4epe3 napy MicsiiB... Hi, criikyBaTucs 3 medoM mo-HiMelbKy S He
HaBYHBCA, aJie 3 XIMIYHOIO HIMELIBKOMOBHOIO JIITEpaTypoIO i Iponrcamu Ta periamentamu KonuepHy IG Farbenindustri
(Oym BuBe3eHi 1o penapartii 3 Himewunnn micist BiiiHN) ipoGrieM He MaB... Ta 1ech depes miBTopa MICALst TeMy poOoTH
MeHI YOMYCh 3MIHMJIX 1 JOPYYHIH PO3POOKY CHHTE3Y IHIIOrO, YK€ 3€JICHOTO IHAUTOiTHOrO OapBHMKA, 10 MaB Ha3BY
Gelindon B Griinblau. Himmi OI‘pI/IMYBaIH/I 17101"0 13 B-HadTIITaMiHY — ;[y)Ke KaHLEPOTEHHOI pe‘-IOBI/IHI/I, 3a CXEMOIO

NH, CI CH,COOH NH-CH,-COOH
— P G
so .Cl, KOH/NaOH CO —_—>
OO —»’( “ —»**
co

o OH
Zn + HCI MeOH
R OO — CO
H
o OH OMe

3aBaaHHS 3BOAMIIOCH JIO TOTO, MO0 BiAHAWTH HOBHI CHOCIO OTpuMaHHS 2,3-0€H3i3aTHHY, HE BUKOPUCTO-
BYIOUH JJIs IOTO KaHIeporeHHui B-nadrunamin. [y BUKoHaHHS 1i€i poOOTH MeHi anu JBOX JaOOpaHTIB i
TO BK€ BBakasiocd AK “Tpyna TaHuyka ”

Cuntes 2,3-0eH3izaTUHIB, TOOTO i3aTHHIB HaTaIIHOBOTO PSAY, MU MOYalH i3 2-TiApoKcH-3-HapTOHHOI
KHCIOTU (6OHKUCIOMU), 1O, SIK 1 calilliiIoBa KHCIOTa, BUPOOIsUIacs Ha HamoMy PyOibkaHCbKOMY XiMKOMOi-
HaTi. st mporo i1 HeoOXigHO OyNO MepeTBOPUTH Ha BiANOBIIHY 2-aMiHO-3-HaTOHHY KHUCIOTY aMOHOII30M
(BomHUI pO3YMH aMiaKy B aBTOKJIABI i/l THCKOM 32 HassBHOCTI XJIOPHILY LIMHKY SIK KaTalli3aTopa):

OH NH,OH NH2
cooH  4Ch COOH
1 BXK€ 32 KJIACHYHMM CIIOCOOOM CHHTE3Y 13aTHHIB Yepe3 OKUCHCHHS BIIMOBIIHOTrO OCH3IHAWUTO, MH OTPUMAIIN
HaTH3aTHH:
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[um myxe OpyaHUM 1 BUOYXOHEOE3MEUHUM CITIOCO0OM (JTyXKHE IJIaBJICHHS Yy IPUCYTHOCTI aMifly HaTpiro)
2,3-0eH313aTUH MU OTPUMaJIH, ajie 3 HU3bKUM BHXOJOM, 1 XJIOpyBaHHS, i OpOMyBaHHS SIKOrO BinOyBamocs He
OZHO3HAYHO... BuHUKIa oTpeba B momyKy iHmoro crnocoly. TyT y:ke MOBHICTIO MPOsIBIJIACS MO iHILIaTHUBA.
A BimmykaB y JiTepaTypi LIOHHO omyOIiKoBaHHI croci, 3a SKUM (paHIly3u Iuis Hukiizamii 3-kapOokcu-2-
Ha(QTATIHTIOTHOBOI KHCIOTH 3aMICTh JIYKHOTO IIJIaBJICHHS BUKOPUCTOBYBAJM HarpiBaHHs B OLTOBOMY aHTi-

JPUT:
H
N._COOH
OO O / “
cooH AcO “il) CO

[Ipuyomy B mialeTWJIBHY MOXiAHY JIETKO 3BHYAHHUM cnoco60M BJAJIOCS BBECTH aTOMHM 1 XJOpy, 1 Opomy i
3BHYAHUM CIIOCOOOM OTpUMAaTH HeoOXimHuil Ham 1-xi0p-2,3-6en3izatu, a 3 Hporo i Gelindon Griinblau 3a

CXEMOI0:
OH Cl
H O
e e (0 — 0T
Br co
OCH,
OCH

Ta kpiM BiITBOpEHOr0 HAMHU HIMEBKOr0 OapBHUKA MU 32 (QPaHIy3bKOI0 METOIUKOIO IUKIi3alil CHHTE3Y-
Bai i cBit aHasor Gelindon’ yxe 6e3 xiopy 1 Opomy:

H O
L
& I
OCH,

3a 1aHUMHU KOJIOPUCTHYHUX JOCHTIHKEHb Halll OapBHUK 32 KOJILOPOM, TIMOMHOIO Ta IHTEHCUBHICTIO 3a0ap-
BJICHHSI, CBITJIO- 1 MOTOAOCTIHKICTIO HIYMM HE MOCTyMNaBcs HiMelbKoMy. TOMY Ha HayKOBO-TEXHIYHINA paii
HIIOITiK-y pa3zom i3 LI3JI Ta 10-m pocnimaum nexom PyOikaHchkoro XiMKoMOiHaTy Oy10 IPUHHATO pillleHHS
PO3POOISATH TEXHOJIOTIIO IS BIPOBAKEHHS Y BUPOOHHUIITBO LIHOTO YHIKAJIBLHOrO 1 BXKE€ HAIIOTO OapBHUKA 1]l
Ha3Boro Ha(TaniHoBUil 3eneHuit C. S MaB po3poOIsTH 1 perIaMeHT, i TEXHOJIOTIIO. .

TyT BapTO 3a3HAYMTH, IO IS BEIWKa 1 B XIMIYHOMY aclekTi Jy)e HelmpocTa podoTa HaMH, TPYIOI0 i3
TPBOX 0Ci0 (I — MONOAIINK HAYKOBHH CIIBPOOITHHK 1 1Ba JaOOpaHTH) Oylia BUKOHAHA, BIIACHE, IPOTITOM OJI-
HOT'O POKY, TIEPIIOro POKY MICIs 3aKiHYEHHS MHOIO YHIBEpCHUTETY... 3BiCHO, HAC Ay>KE aKTUBHO IMiATPUMYBAB
HOBMH 3aBimyBadu Bimminy, acmipant — IOpiit OmensHoBuu ['epacumenko, 60 JI.X. Bunorpan, 3axucTHBIIH
JHCepTaLiio, MOBEPHYBCA 10 MOCKBH.

BBaskaro, 110 mic/is BAKOHAHHS ITi€1 pOOOTH o 1 CTaB XiMIKOM — HaBUMBCS “XIMIYHO MUCHHTH ... | BiKe cam,
6e3 HKJITHOT OTIOMOTH 1 MO3aIIaHOBO S B3ABCS “KOHCTPYIOBATH HOBI 1 i3aTHHH, i 6apBHUKH. [X Gyio BUHaii-
JneHo Oararo, ayie HaiOUIBIIOID ynadero, s BBaaro, OyB BIOIKpUTHH MHOIO cmocid otpumaHHs 1,2-
OceH3I3aTUHY.

Mu 3po3yminm, 1o HiMI mijg yac cuHTe3y cBoro Griinblau BBOAMIN aTOM XJIOPY JIMIIE JJIs TOTO, 1100 3a-
HHATH HallakTUBHIIIE 1-TIO0KEHHA 1 CpsSMYBaTH LUKITI3alii0 2-HaQTHATIIIMHOBOI KUCIOTH Y 3-TIOJIOKEHHS
Ha(TaIiHOBOTO Kbl 3’scyBaiiocs, o Ha PyOixaHCbKOMY XIMKOMOIHATI BUPOOJIsiEThCs 2-aMiHOHAadTaTiH-
I-cynbokucnora (kuciora Tobiyca), BnacHe, a-cynbdo-B-amiHOHAQTANIH, B IKOMY TepIle TOJIOKeHHs Had-
TAJIHOBOTO KUIbIA yXKe 3aifHsTe (3axuiene) cynbdorpynoto. Tomy cmig Oyno 1m0 KHCIOTY BUKOPUCTATH IS
CHHTE3Y BigmoBigHoro 1-cynpdo-2,3-6en3izatuny. OnHaK BUABUIIOCS, IO B IPOLIECI CUHTE3Y, a CaMe B3aEMO-
nii kucnoru Tobiaca 3 XJIOpanbriApaToM Ta rigpOKCHIaMiHOM (IPYTHi Crocid CHHTE3y iHAMTO 3a 3aHaMaiie-
POM) LMKJITi3aLisl BiAMOBIAHOrO 130HITpO30AleTaHIiAy Halle eKTHBHIIIE e y 0-TIOT0KEHHS HAaTaJIiHOBOrO
KUTBLIA 3 BiIIEMJICHHSAM Cyab(Orpynu, TOOTO Ha Miclie Tiei cynbdorpymnu, 3a CXeMOoro

SO,H SO,H OC'C\O

H e} NH
NH,  CI,C-CH(CH), O O \E H,SO, O O
NH,OH ~NOH

Ha neit cn0016 CUHTE3Y 1,2—6€H3i3aTI/IHy s OTPUMaB CBOE IIEepIlE aBTOPCHKE CBIIOLTBO. 3a MO3AIIaHOBY




Kamanu3z u nepmexumusn, 2014, Ne 23 113

PpoOOTY HaM MPUCYAWIH JBi APYTi MpeMii Ha IHCTUTYTCHKOMY KOHKYPCI MO3aIlJIaHOBUX JOCIiIXKeHb (BigOyBa-
BCSl HAIPUKIHII KO)KHOTO POKY), a 3a 2 poku podotn y PybOixancekiit ¢inii HIIOITiK-y Meni Tpudi migBumry-
BaJIM IOCAJOBUH OKIA...

[lIkoma TiNbKH, 110 B TOM Yac s II¢ HE BMIB IMHCATH HAYKOB1 CTATTi 1 BCE II€ 3aJIMIIMIOCS HE OMyO0IIiKoBa-
HUM. Ta e OAHI€I0 ygadero Xouy MOXBacTaTUCh... Tak, mpu B3aemomii 1,2-Oensizatuny 3 1-rigpokcu-4-
METOKCHHA(TaIIHOM MH OTPUMaNy HOBUH ;[yx(e TEMHO-CHHiH, TPAKTUYHO YOPHUI OapBHUK:

o - 8o G

Teopist KOMBOPY 3amepedye CHHTE3 YOPHUX iHANWBIAyanbHUX OapBHUKIB. Ha meit HoBHii “dopHuUil” GapBHUK
s OTPUMaB CBOE APYre aBTOPCHKE CBIAONTBO i OY/IO MPUAHATO PillIeHHS, IO B HACTYIIHOMY POLi MU TOBOAU-
THMEMO HOro JI0 POMHCIOBOTO BUPOOHUIITBA. Ta 3 1iboro Hivoro He Buinuio. Jeck y moromy 1961 p. s 3a-
XBOPIB Ha Tpurl. XBopoba Mpoxoausia TSHKKO 1 MICKs Hel 5 epectaB crnaTd. Maiike iuil KBiTeHb MpOoNexas
y nikapHi. He nomomorsio...

Ta, sik KaXXyTh, HE BCE T€ MOraHe, 10 IMoraxe... HanmpukiHmi TpaBHS IOLEHT Hamoro YepHiBebKOro yHi-
Bepcutery Irop Ensninedoposuy Ilanuyk (onyk Onberu KobunsHcerpkoi), sik ToO poOUB IIOpOKY, MpuBi3 g0 Py-
GIKHOTO YeproBy IpyIy CTYICHTIB-XiMiKiB Ha BHPOOHMUY HpakTUKy. oMy, Ta, BlacHe, SK i HAM yciM, OI0-
6anocs B PyObknomy. [limani msoki Ha CiBepcbkoMy JliHI CKiTagHO 3 YMMOCH 1HIIMM HOPiBHSATH. ..

Hac, BunyckuukiB YepHiBenpKkoro yHiBepcutery, y PyOikHoMmy mparioBano 6araro. Irop Emsmimedopo-
BWY, BJIAacHE, IPOBOAMB Yac 3 HaMH. PO3MOBIIAB, IiKaBUBCA yCIiXaMH, JaBaB MOpPaAHX i BCIM pa3oM, 1 KOKHOMY
30Kkpema. /li3sHaBIIMCch po Moi poOsieMH, BiH, SIK 3aBXKIHU Jy’Ke aBTOPUTETHO, 3aBUB:

— 3 PyGixHoro Brikaii!

— Kynu?

— B acmipanTtypy! Maem npaBo. Tu ye JBa poKH BiANIpaioBas.

— Slka acmipanTtypa? Yike yepBeHb, a 5 He TOTyBaBcsl. Ta i Kyau, 10 Koro?
— Imp 0 UYepHiriis, JloMOpoBChkHii TeOE Bi3bMeE, 5 3HAIO...

TepminoBo Oepy BiamycTky. Annpiid Bonogumuposuu JJoMOpoBchbkHii 3ycTpiB MeHE pajo, aje MPUHHATH B
acmipaHTypy BiIMOBHBCA, 00 yKe MOO0OILsIB Y LIOMY polli B3sTH B acmipanTypy Mukony [lactymaka, sikuit
3aKiHYMB Halll YHIBEpPCUTET Ha piK paHiiie, Hix . Ta, y)ke npomarouucs, npodecop JoMOpoBCHKHA HION Mik
HIIUM CKa3aB:

— A yomy Bu xouere 10 UepHiBuis? Konu s 6yB MOIOAMM, MEHE TATHYJIO O CTOJMIII. Inere no Kuera. bo-
JHApYYK MUIIE, IO oMy B [HCTHUTYTI opraniyHoi Ximii 1oope...

[oBepratocs no PyGixxnoro. Cigaro 3a KHUTHY 1 HQACKIIal0 CBOI TOKYMEHTH A0 [HCTUTYTY OpraHiuHOi XiMmil
AH YPCP. IIpourycs B acnipantypy a0 akagemika A.l. KinpiaHosa.

Jlech 3a MIBrouHu J0 €K3aMEHY 3 OPTaHivHOI XiMil MEeHI cKa3ali, o B akajeMika KinpianoBa Ha 2 micis
g yXKe TpeTiih mpereHaeHt. € koHKypc. | mo0 Bce Oyno rapasz, MeHI MOPEeKOMEHIYBaIH MOHNPOCHUTHCS 10
npodecopa [lerpa ConomonoBuya [lenbkica, B AKOro € Miclie, aje Hemae abiTypieHTa... Bnache, Meni To 0yIo
Oarimyxe. S i KinpianoBa, Hi Ilenbkica He 3HaB. BeTynHi ek3aMeHH 31aB He Onuckyde, Ha “yerBipku”. 3a
aBTopedepaT 3 Ximii i3aTHHIB MeHi moctaBuwin “1’ate”. [o acmipantypu meHe npuitasin. Y Biamini [lerpa
ConomMoHOBHYA 51 3yCTPIB TOAI BXKE acmipaHTa TPETbOro poKy MupoHa JI03MHCBKOTO, SIKOr0 3a049HO 100pe
3HaB, 00 PO HHOT'O MOA JabOpaHTKa, KA 0 MOro Npui3ay a0 PyOixHoro npamtoBana 3 JIo3uHCHKUM (51 IpU-
fimos no HIIOITiK Ha Hioro micue), mpoTpyOuiia MeHi Bci Byxa... Bee, 110 s poOuB, 4H TiNBKH XOTIB 3pOOUTH,
BOHA TOPIBHIOBAJA 3 TUM, IO i IK poOuB JIO3WHCHKHUH, K yCIM BioMO, TOTiM akaneMik HAH Ykpaiau, mupe-
krop [HCTUTYTY Opraniynoi ximii... 3 JIo3uHCHKMM TpalfoBaiy B OAHIN KiMHATi. BiH Bupi3HsBcsS ¢peHOMeHa-
JBHOIO TaM’SITTI0. MIr cka3atu, B sIKii KHU31 1 Ha AKii CTOPiHI HaBeleHa Ta UM iHIIA XiMidHa (opMyIia, 3HaB
HamaM’sThb yci maxoBi ram0iT, OyB MPUCTPACHUM HYMi3MaTOM...

S — acmipanT. Po6odoro micis vHe nanu. Hema. ToMy 3a nepimii pik acipanTypH st 371aB JIUIIE YOTHPH €K-
3aMEHM KaHIUAaTChbKoro MiHiMymy. Tozi KpiM clienKypcy BCi 37aBajH Ie pa3 3arajbHUi, a s cKka3aB OH MO-
rnubIeHui Kype opraniunoi Ximii (gymaro, mo Tak Tpeba Oymo 6 i Terep poOUTH — KaHAWAAT HAYK Mae 1oope
Opi€HTYBaTHCS B OpraHiyHil XiMii, a He 3aL[MKIIOBaTUCA HA CBOIM AucepTaliiHiid podoti). ['oTyrouncs 1o To-
ro eK3aMeHy, st IpouuTaB noHax 10 THCSY CTOPIHOK Pi3HUX KHHT 1 MiIpy4HUKIB... PoOoTy Han muceprarmiero
MoyYas MIcIsl KaHiKyl, 3 BepecHs 1962 p. ¥V nucronazni 1964 p. s mpeacTtaBUB CBOIO AMCEPTALIIO O 3aXHUCTY.
Briucascs y BigBeneHuii A5 UbOro TpupiuHuii Tepmid. Bing mupekuii otpumas 100 xp6. mpemii 3a ycmimse
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3aBepIICHHS AUCEpTaliifHol poOOoTH, ajie uepe3 4epry Auceprariro s 3axuctus 25 TpaBHs 1965 p. Pobora Oy-
Jla He Iy’Ke iKaBoo. MeHi 1opy4Yriii BUBYATH PeaKLidHy 34aTHICTh aKTHBOBAHUX METHJICHOBUX TPYI y LIUK-
JYHUX LIECTHYICHHUX TPUMETHIIEHTPUCYIb(poHaX. Sl BCTAaHOBUB, 110 BCI TPY METUJICHOBI IPyNH B IUX MOXi-
JHUX TPUMEPiB TiOadbAETiAiB MPaKTHYHO OAHAKOBI, HANPHKIIAL y pPeakisx 3 apOMaTHYHUMH COJISIMH Jia30-
Hil0, O, }-HEHACHYEHUMH CIIOTYKaMH, TaJoreHaMH:

Br Br
Ar_N=N><N=N_Ar 0,87 80, o s><so
0,57 >s0 - — 2
Ar-N=N N=N-Ar SO, Br so B )\
ArN=N/ SO, \N=N-Ar Br e 0,57 >s0

2

0,8 ~so,

2
S S S—— |\/|eoco-CH2cH>\SO2 CH,CH,-COOMe

ArN=H/ SOz “N=N-Ar sG

2

BuBuyaB i feKki mepeTBOPEHHsI OTPUMaHNX HOBUX PEYOBHH. 3a MaTepiaiaMu JucepTaliitHoi poOoTH s omy-
OmikyBaB 10 HayKoBHX cTaTeil 1 oTpuMaB 6 aBTOpChKUX cBigouTB. Ilicist 3akiHUEHHS acmipaHTypH MeEHe, SK i
BCIX IHIIMX acHipaHTiB, 3aJUIIMIN MPALIOBATH MOJOAIINM HAayKOBHM CIiBpOOITHUKOM B iHCTUTYTi. Ta Taka
poboTa, TiNbKH “Ha HayKy™ micis PyOikaHCHKOI MIKOMH, Jie BCe poOMIIOCS JIMIIE 3 METOI BUKOPUCTAHHS pe-
3yIBTATIB y MPaKTUL, MeHi He Tyxe nopobanacs. KpiM Toro, y Binaini He Oylio BakaHCiH i MEPCHEKTUBH KO-
JIUCH CTaTH CTApLIMM HAYKOBHM CITIBPOOITHUKOM TaKOX He Oyio... Tpanuiack Haroa i s mepeiiioB mpatmro-
Batd B Cextop HadToximii mpu [HCTUTYTI XiMii BHCOKOMOJNEKYISIPHUX CHOJYK CTapIIMM HayKOBUM CIiBpOOi-
THUKOM. Tam toni BimkpuBaBcs HoBui Binain IloBepxneBo-akTuBHHX pedoBuH (ITAP), sixumii cTBOproBaB i
saxkuM 3aBinyBas [lerpo OnexcanapoBud JleMueHKo, SKHI HE3aI0BTO O TOTO CTaB JOKTOPOM XIMIiYHHMX HayK i
nepeimos i3 IHCTUTYTY 3aranpHOi Ta HeopraHiuHoi Ximii. I MaB 3alimaTucst cuHTe30M HOBUX [IAP, a inmi
CIIBpOOITHUKM BUBYATH iXHI KOJOiOHO-XIMIUHI BJIACTHBOCTI i mIykaTtu cdepu 3actocyBaHHs. PoOora Oyma
Iy’Xe IiKaBa, Ta KaTacTpogiuHO HE BUCTAYaNIO 3HaHb 3 KOJNOITHOT XiMii.

CunrerukiB y Bignini He Oyno. [1.0. [lemuenko Hamonsras, moou s po3poOisie cuate3 [TAP Ha ocHOBI
Ha(TEHOBHUX KHUCIIOT — Lie HiOM ompaBayBaio Horo nepexia y Cexrop HadToximii. S He 3HaB, 0 Take HadTe-
HOBI1 KHCIIOTH. 3’siCyBajocs, 110 B JeIKUX HadTax, HAMpHKIaA y HacTaciBeskil 13 [liBHiuHOrO KaBka3zy, mic-
TATHCA OpPTraHiYHI KHUCIOTH LUKiIonapagiHoBoi mpupoau. TUTpyBaHHSAM BH3HAYaIM IXHI KUCIIOTHI yucna i
BBOJIMJIM B PEaKiii, 110 HalXapakTepHili A KapOOKCHIIbHOI rpynu. OTpUMyBasii aMigy 3 €TaHoj- Ta AieTa-
HOJIAMIHOM, IMiTa30JIiHU 3 €TUJICH iaMiHaMHU, BiTHOBIIOBAJIU JIO TaK 3BAaHMX HA()TEHOBHX CIHUPTIB, aMiHIB Ta
IHIINX CIIONYK, 30BCIM HE LIKaBISYUCH CTPYKTYPOIO BYIJIEBOAHEBOro paiukana. Jlech OIM3BbKO 2 POKIB s
“rpaBcst” 3 THMU Ha()TEHOBUMHM KUCJIOTaMH, JOKH HE 3p0O3YMiB, 10 Tpeba pOOHUTH IOCH iHIIE.

[Ile 3 acmipaHTCHKHUX POKIB S 3aXOILIIOBABCS PEaKLi€l0 MPUETHAHHS HYKICO(QUIPHUX areHTIB 3a MicleM
MOJBIMHOTO 3B’S3KY 0,-HEHACHYEHUX PEYOBUH 1, BpaxyBaBIIH Te, 10 [IAP mMaroTh OyTH MpoCTUMU 3a CTPYK-
TYpOIO, JIETKO OTPUMYBATHCS i3 JOCTYIHOI CHPOBHHU 1 HE MICTUTH Y CBOEMY CKJIaJi BaXKKUX, IIKIATUBUX AJIS
KHBOTO OPraHi3My €JIEMEHTIB Ta apOMAaTUYHUX CTPYKTYp, 1 00paB AJsl AOCHIIKEHHS Jli- TA MOHOECTEpH, MO-
HOapHUJIaMii MaJeiHoBoi, (yMapoBOi Ta aKpHIOBOi KHCIOT 1 BUBYAB IXHI peakuii 3 amidaTHUHUMU TIEPBHH-
HUMH Ta BTOPHHHUMH aMiHaMu, BULMMH aJKaHTioJdaMU (MepKarTaHaMH ):

Y
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z z
W =k [-CH=CH-] [HX-R]

Hexto 3 THX HeOaraThoX XiMiKiB-OpraHiKiB Yd CHHTETHKIB, sKi mpamioBand y Cekropi HadTOXimii, Hami
MHOIO Ti/KapTOBYBAaJH... 3aBXKIM CTABIWJIM 3alIUTAHHA: 110 TH IIE MOXEII 3pOOUTH 3 MaJe{HOBUM aHTigpH-
nom? BBaxkasnocs, 110 IEPCIIEKTUBHOIO € Ta po0oTa, OCHOBOIO JUIsl AKOi € HOBA, HEBijoMa abo MaioBigoma
peYOBHHA, HANIPUKIA] CyIb(QOIECHH, XIMI€I0 SIKUX MOI HOBi MpHSTENi i 3aiiManucs y BiIALIl JOKTOpa Ximid-
Hux Hayk Taminu Exyapaisau beamenoBoi miz erinoro akagemika B.C. I'ytupi. Toai Bei moxigHi miei pe4oBu-
HU OyAyTh HOBMMHU... MaJneiHOBUI aHTiApHI UM KPUTEPisiM HE BiANOBigaB, 3aTe OyB NOCTYIHHM... Ta BCAKY
po0OTY MOXHa 3pOOHTH I1iKaBOKO. MU IS IIbOr0 HE TUTBKK CHHTE3YBalld HOBI MOXiaHI N- Ta S-3aMillleHUX
acrapariHoBUX i MEPKaNTOSHTApPHUX KUCIIOT, a i oNepeIHb0 KBAHTOBO-XIMIYHUMH PO3paxyHKaMu (MU TIOKa-
3ajH, 0 KOHCTaHTH IIBHJKOCTI peakuii 7o0pe KOpEemoIoTh 3 BETMYUHOIO T-3apsily Ha [-aToMax BYIJIELIO
noJsipHoi crpspkeHoi cuctemu C=C—C=0) Ta KaTOpUMETPUIHUMHI METOAaMH (BUMIPIOBAIM TEIJIOTH PEaKIIii)
OL[IHIOBAJIM PEaKLiiHy 31aTHICTh BUXiIHUX HEHACHYEHHUX MPEKypPCOpiB, IOPIBHIOBAJHM Wi JAaHi 3 pe3yIbTaTaMH
KiHeTMYHHX JOCTIDKeHb. TakuM 4MHOM AocATanocsi BceOiuHe 1 TEOpETUYHE 1 eKCIepUMEHTalbHe BUBUCHHS
B3a€MO/Iil HEHAaCHUYCHUX CIIONYK 3 aMiHaMH Ta aJKaHTiONaMH 3aJISKHO BiJl XIMi4HOT OyOBH, MOJSPHOCTI (1~
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MOJILHUX MOMEHTIB), OCHOBHOCTI (pKa) BUXiZHMX peareHTiB, KaTali3aTopiB 1 peakuiiiHoro cepenosuma... by-
JI0 BCTAHOBJICHO LTy HU3KY BaXKJIMBHX, paHille HEBIIOMUX JUIA i€l BiIOMOI peakiii 3aKoHOMIpHOCTEH. 30K-
peMa, 3’scyBajiocs, IO HEOOXiTHOIO YMOBOIO AJsl MPHUEAHAHHA alKaHTIONy 3a MICIEM IMOIABIHHOIO 3B’S3KY
aKpHJIaTiB 1 MaJIeTHATIB JOJATKOBO KpiM OCHOBHOTO KaTajli3aTopa B peakUifHOMY CepeIoBHILI I1e MalOTh Oy-
TH “pyxoMi” aTOMH BOAHIO. J[KepenoM Takux aTOMiB MOXYTh OyTH PO3YMHHHUK, Y CEPEIOBHUIII SIKOTO MPOBO-
JUTHCS peaklis (eTaHoi), HeHacu4yeHa CIIoyka (MOHOECTEpH Ta MOHOAMiAM MalleiHOBOi KMCJIOTH), KaTami3a-
TOp (AieTHiIaMiH) UM ¥ akaHTioN (MEPKaIlTOONTOBA KUCIOTa). 3 aMiHaMH LISl peaKilist IPOXOIUTh 1 Oe3 KaTai-
3atopa, i 6e3 “pyxoMux’ aTomiB BogHIO. KpiM Toro, Ha mpukiaai B3aeMoii MEpKarnTOOLTOBOI KUCIOTH 3 €TH-
JICHTIOITTIKONIEBUMH €cTepaMHi MaJIeiHOBOi KHUCJIOTH BHepiie Oyno MOKa3aHo, K IIBUAKICTh peakiii 3ae-
XKUTD BijI 3MiHM KOH(POPMALITHOTO CTaHY MaKpOMOJIEKYIL.

[Ticns mepetBopeHHs neck 6amu3pk0 30 % TinpodoOHUX MOJIEKyN HEHaCHYEHHX TONiecTepiB Ha 3MillaHi
noJiecTepy MajeiHOBOI Ta MEPKANTOSHTAPHOI KUCIOTH 3MIHIOETHCS SIKICTh pO3UMHHMKA. ““J[00puit” po3unH-
HUK JJI51 BUXITHUX TiApodoOHUX moriecTepiB cTae “moraHuM’ pO3UMHHUKOM IJIs1 MOJU(IKOBAHUX MEPKaITO-
OLITOBOIO KHCJIOTOIO YK€ MOJISIPHUX, OUIBII TiAPO(IIBHUX MaKpOMOJIEKYI €CTepiB TIOMEpKanTOSHTapHOI KUC-
JIOTH:

[—CO—CH == CH— CO(OC,H,),0 —],, —=[—CO—CH—CH —CO(OCH,),0—1,

S—CH,—COOH

N
]

OcraHHE, 04EBUIHO, IPU3BOAUTD IO IIEPEXOAY MAKPOMOJIe-
KyJl Y KOMIIAKTHIIWH KOH(OpMALiiHUN CTaH — MaKpOMOJIEKY-
1.5 1 JM CKPY4YYIOTHCS, BHACTIJOK YOTO €KPaHY€ETHCSI 3HAYHA YaCTH-
Ha peakUiiHUX HEeHTPiB (MOABIMHMUX 3B’s3KiB), MIBUIKICTH pea-
1 KIi1 3MEHIIYEThCS, M0 J0Ope MPOCTEXKYEThCS Ha IeperoMax
aHamop$o3 KiHeTndHuX KpuBuX (puc. 1). [lopsanok peaxuii npu
0.5 7 LBOMY HE 3MIHIOETBbCA. MU HaBUMJIMCA KEepyBaTH LIUM TIpoLie-
coMm. S ycmimHO ApyKyBaB CBOi mpami. 3aBXId CTaBUB COOI
0 , , , 3aBJlaHHA, II00W MyONiKyBaTH He MEHIIE SK 5 cTaTed 3a pik.

0 50 100 150 OtpuMaHi y IIMX peakiisgx MOXiJHI acrapariHoBOi Ta MepKarl-
T, XB. TOSHTAPHOI KUCIOT

x/(a-x)

Puc. 1.

J— S—Alk — _
HOCO { Alk AIkOCO~<\ Alkoco~<i CH,—COOH
COOH COOH

COOAIk

Alkocoﬁﬁ OOAIK
AOCO COOAK ~ AKOCO—" ~COOH s coo

- — — ~CH,CH,-OH

N—CH, CH;—OH NH—CH, CH,—OH HO-CH,CH, ,CH,

gepe3 iX AU inbHY CTPYKTYpY M HasSBHICTH BEIMKHX BYIJIeBOIHEBHX paaukaiiB (Alk) Ta rizpodinbHux rpyn
MaJ¥ BCl BJIACTUBOCTI, XapakTepHi i konoigaux [TAP. ¥V miit yactuHi pobotn Oyn0 CHHTE30BaHO U HOBY
noxinHy N-TizpokcieTuaacnapariHoBoi KHCIOTH, MOHOHATpPI€BA Cilb AKOI BUSBHJIACS €()EKTHBHUM aHTUCTa-
TUKOM y BUPOOHMIITBI CBITJIOUYTJIIMBUX MaTepialiB (pEHTreHIBCHKUX IUTIBOK) Ha LIIoCTKiHCBKOMY XiMiYHOMY

KOMOIHATI.
C|)HZCH2 - OH

ROCO.__N._
j/ CO - CH, - CH - COOH R=C

ROCO SO,Na

H

8—12 " 1725

VYHacHiIoK JOCHiHKEHHST KOJIOINHO-XIMIYHUX BIACTUBOCTEH — MIlIEIOYTBOPEHHSI Ta aJcopOLii Ha Mexi
pozainy a3 moBiTpS—BOIHHI PO3UMH — MU MOKa3aJy, IO MPOLEC MIleTOyTBOPEHHS MOXKHA PO3MIIAAATH SIK
PIBHOBa)XHUH — piBHOBara Mixk MilEIIpHUM (acOLiiOBaHUM) i MOJNEKYJISIPHO-AUCIIEPCHUM CTAHOM MOJIEKYIT
ITAP, nanpuknaj y BOAHOMY PO3UHHI:

KKM

XM<—MX
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Toni xputnuHa KoHIeHTpauis MinenoyrBopenHs (KKM, a6o npocto C) Oyae KOHCTAaHTOIO PiBHOBATH 1IbO-
ro mporecy. A 3a TepMOAMHAMIKOI0, Oynb-sKa XiMiuyHa piBHOBara, BUpa’keHa 4epe3 KOHCTAHTY PiBHOBAaru
(KKM), Bu3Ha4aeThCs 3MIHOIO BUTBHOI €HEPTii, y HAIIOMY BHUITAAKy — 3MIHOIO BiIbHOI €HEprii MilleoyTBO-
penns (AG), To6To

—AG = RTInC

Posrmsimatoun romonoriunuit psan [HAP (C,Hy,+1—Q) sk “peakuiiiHy cepiro” Ha NMpUKIaAi TOMOIOTTYHHX
PS/IiB CHHTE30BAaHUX HAMH AJNKUIMEPKANTOSHTAPHUX, ATKUIMEPKaNTONPOIIiIOHOBUX KHCJIOT, acmapTraTiB Ta ac-
napariHaTiB, MU JIOBEJIH, IO 3MiHa BUIbHOI eHeprii MinenoyTBopeHHs (AG) y BCbOMY TOMOJIOTIYHOMY PSIAY
ITAP y cranmapTHuX ymoBax (Temmeparypa 25 °C, BOAHUH PO34MH) OMUCYETHCS MPOCTUM JIIHIMHUM PIBHSH-
HSIM

InC,., / InC, = 1/RT (AG,+, — AG,), a60 InC,, / InC, = 1/RT AAG,,

ne AAG — 3MiHa BUIbHOI eHeprii MilleI0yTBOPEHHS, CIPUYMHEHA 3MIHOIO JOBXXHHHU BYTJIEBOJHEBOTO pau-
Kaja Ha OIHy METHUJICHOBY I'pyIly B MoJieKkyii fanoi [TAP.

Jauni, NopiBHABIIM MK co0OI0 /1Ba pizHi romonoriuHi paau [TAP, siki MaroTh OTHAKOBI KiTBKOCTI METHIICHOBUX
TPYI y paJyKanax, aje pi3Hi 3a Ipupooio QyHKIIOHABHI TApoQiIbHI TPYIH, MOKHA 3aITHCATH, IO

AAG = 1/p AAG,,

ne AAG,— BHeCOK OfHi€1 METHUIICHOBOI IPYIH Y 3MiHY BUIbHOI €HEprii MillelIOyTBOPEHHS y MPUHHATOMY 32
€TaJIOH TOMOJIOTTYHOMY PSIIy HATPi€BUX COJEH BHIIMX >KUPHUX KUCIOT, a p — KOe]ilieHT MponopuiiHoOCTi,
Ha3BaHM HaMU ‘‘KOHCTAHTOIO TiApo(oOHOCTIi”, sika XapaKTepuszye 3MiHy pPiBHOBArd MiX MOJEKYJISPHO-
JHCTIEPCHUM Ta MILEISIPHUM CTaHOM MOJIEKyN Oynp-sikoi ITAP y BomHOMY po3unHi MOpIBHSAHO 3 TOMOJIOTiY-
HUM psIOM iHIINX 32 cTpyKTypoto [TAP. Lle piBHAHHS 3py4HiLIe 3aIUCATH Y TAKOMY BUTJISI:

p(InC,+, — InC,) = InC°,., — InC°,..

Sxmo npuitHsaTH oguH romonoriunuil psin [TAP, y HamoMy BUMagKy — HaTpi€BUX CONEH BHIIMX KUPHUX

KHCJIOT HOPMaJIbHOI OyJJOBH 32 €TAJIOH i 3alHCaTH AJIsl HHOTO, 110

InC?,.y —InC°,= 0. n,
TO OTPUMAEMO PiBHIHHSA

InC,+, /InC,=p an,
sKe 3a (OpMOIO 1 3MicTOM BifmnoBifae piBHAHHIO ['ammera—TadTa, 110 IIMPOKO BUKOPUCTOBYETHCS Y (Qi3UUHIN
OpraHiuHii XiMmii IJ1s1 MOPIBHSUIBHOI OIIHKH PeakiiHOI 3AaTHOCTI OPraHIiYHUX CIIONYK 3aJIeKHO Bix iX XiMid-
HOi OymoBH. Y HamoMy BUNAAKY WAETHCS MPO 3HAYHO MPOCTIMIMHK, HIXK XiMidHA peakuis, ¢i3ndHul mporiec
acomianii Monekyn [TAP y mimenn 3a paxyHOK OJHaKOBUX 3a MPUPOAOI0 TiapododHuX B3aemonid. Mu moka-
3ay, o KoHcTanTta o = —0,260 € xapaktepnoro aist [TAP Gynp-gkoi cTpykTypH, a KOHCTaHTa riApodoOHOCTI
p BKa3ye, HACKUTbKM JaHui romojoriyauid psg [TAP 3a ctpykryporo Biapi3HseTscs Big etanoHa (p = 1). Jo-
Ooytok pn = BMBb 3a TepMoIrHAMIKOIO BiANOBiIA€ BHYTPIIIHBO-MOJIEKYIAPHOMY TiApOMiNbHO-TIMIOPITEHOMY
0aJaHCOBI 1 € CTAJOI0 BEIMYMHOIO ISl KOXKHOI Mosiekynu ITAP. 3actocyBaHHs LbOTO MPUHIMITY JiHIHHOCTI
BUIBHUX €HEpriil AJs mpolecy MilenoyTBopeHHs konoinaux [IAP mHoto 3anpononoBano Bnepiue. Ilomiunu-
KiB y MeHe TyT He OyJo.

Kpim Toro, Ha mpuKiIaai TOMOJOTIYHOTO psiAy JiecTepiB Tid- 34
POKCieTHIaMIHOSHTapHOI KUCJIOTH MU ITOKa3aJId, 10 3aJIeKHICTh
MIHIMQJIBHOTO TIOBEPXHEBOTO HATATY (Opin), K 1 TOBEPXHEBOTO
HaTiary npu KKM (o) Ha Mexi nominy ¢a3 BogHUN po3unH—
MOBITPA y CTaHJAPTHUX YMOBax BiJ 4HCJIa aTOMIB BYIJICHIO B 28 -
rigpooOHUX pamukanax (7) IPOXOAUTH Yepe3 eKCTPEMYyM 1 Jo-
csira€ MiHIMAJIBHOTO 3HAa4YeHHs (HaiOinbIIa MoBepXHEBA aKTHB-
HICTB) [UIs roMoJIoriB 3 12 Ta 14 MeTUIIEHOBUMU TpylamMH y pa-
nukanax (puc. 2). 221

Maxkcumanbhy ancopouito IIAP y moBepxneBoMy mapi BoJ- 20 -
Huil po3unH [TAP-moBiTpst po3paxoByBanu 3a piBHSHHSIM JleHr- 8 10 12 14 16 18 20
Miopa (I, = Iy kc/ ke + 1) 1 mokazanu, M0 MPU KPUTHIHIH H(CHa),
KOHLIEHTpAaLil MilleJIOyTBOPEHHS BOHA JOCSITA€ MaKCHMAaJIbHOTO Puc. 2. 3aleKHICT TOBEPXHEBOrO HATATY
3Ha4eHHS, TOOTO: [nax = [kiv, @ TOBEPXHEBA AKTUBHICTB (gi)  Bix umciIa aTOMIB BYIJICLIO B PajMKai
IpH IBOMY MPSMO MpornopuiiHa [ kv 1 00epHEHO MponopLiiiHa
KKM: g = RT [/ KKM.

M 3aKOHOMIPHOCTSIM HiNOPSIKOBYIOTHCS 1 MOBEPXHEBO-aKTHBHI BOIOPO3YHHHI MOJTIMEPH — TOMiEIeKT-
pOIiTH, HAWIIKaBIIMMH 3 SKHUX, HA HAIIy JYMKY, € aM(oTepHi rpe0eHeno1iOHI MOMieNeKTPOIiTH — HoTiaM-
¢omity, sIKi Tak camo Brepiie Oynu CHHTe30BaHi HaMH. J[iis iporo OyJio 10CHiaKeHo KOonoTiMepr3alito Maie-

32 4

30 1

26 1

24

o ,MH/m
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THOBOTO aHTIIPUY 3 BUIUMU O-0JiehiHAMU, TOJIOBHUM YnHOM oiiromepamu etmiieny H(CH,CH,),CH=CH, 3
MapHUM YHCIIOM METWJICHOBHX Tpyn y panukanax (R), abo ms 3pyuHocti: R~CH=CH, i nopansmy moandi-
Kallilo OTpUMaHMX KOMoMiMepaHTiapuaiB quMeTmiaminonponinaminom (H,NCsH¢NMe,), 3a cxemoro

H _ R R  COOH
_C=CH, 4 o] .
R oc. _COo LA A U y
o oc. _Co OC, ~_N
o) ) N \
H n
_ b
W=k [1]" [M]

Ha Binminy Big iHIMX aMQOTEpHUX MOJieaeKTpotiTiB, Hami nomamdonitu (IIAM) i B i30eneKTpuaHOMY
CTaHi PO3UMHSAIOTHCS Y BOZ1 1 yepe3 HasiBHICTh OIYHUX BYTJICBOAHEBUX panukamis (R), sk 1 inmi [TAP, ancop-
OyIOTbCSl Ha MEXI MOALTY (a3, 3HWKYIOUH NOBEPXHEBUH HATAT, a B 00 €M1 PO3UHHY YTBOPIOIOTH acOLaTH —
BHYTPILIHBOMOJIEKYJISIPHI Millenu abo moAiOHO [0 MPUPOAHUX MOJNIMENTHIIB — rixpodoOHi meTi, sIKi cKia-
JaroThCs y BiAMoBiAHi ciipaii. KinekicTs merens y cmipani (p) 3aJIeXUTh BiA CTyIeHs acouiawii () MOHOMe-
PHHX JaHOK, 110 GopMyroTh acouiaT (rifpodoOHE yTBOPEHHS), Ta CTYNEHs KOmomiMepu3alii (#) MakpoMore-
KyJIU TIONiaMQOITiTy:

p=n/m m = 4nl T Na,
ne [ — noBxuHa OIYHOTO BYTJIEBOJHEBOTrO pajaukaia (R), B aHTcTpeMax, / . — MaKCUMaJbHa aJcopOIlis Moie-
kyn ITAP y noBepxHeBoMy ancopOLiifHOMY mapi Ha MeXi MOALTY BOAHUN PO3UMH-TIOBITPA 3a JIeHrMIOpoM;
N —aucno ABoraapo.

Mu nokazanu, 1o Makpomoiekyina noiiamdonity (ITAM-4, R = C4Hy, n = 116) y BOAHHX pO3YHHAX yTBO-
pioe 6 riapodoOHMX TeTeNnb — BHYTPIIIHLOMOICKYIApHUX acoiatiB. Makpomonekyna [TAM-8 (R = CgHys, n
= 40) yrBOpIOE JMIIE Bi riApodoOHi meTii, a sl yTBOpeHHS TigpodoOHoro acomiaty mOTpiOHO Bi Makpo-
MoJeKkynu nomamgomity 3 12 atomamu Byrienio B 6iunux pagukanax (IIAM-12, n = 16).
Bicko3uMeTpUYHUMH ~ JOCHIIKEHHSAMH BCTaHOBJICHO, IO
n CiaHbs B’SI3KICTh, HANpPUKIaA, 5%-ro BOAHOrO pO3UYMHY HAWMEHII Tif-
podobHoro nomiamdoniry (IIAM-4) npu miaBuIIeHI TeMmepa-
TypH po3uuHy Big 25 10 80 °C 3aKOHOMIpHO 3MEHIIY€ETHCS (3BH-
YaifHe SBWINE), a B’SA3KICTh aHajoriuHoro po3unny [TAM-8 Bifx
TEMIIEpaTypy BXKE HE 3aJISKUTHh (aHOMaJbHE SBUILIE), TOMI SK
B’SI3KICTh HaiOunbm rizpododHoro nomiamdornity [TAM-12 i3

CsHi7 . i

MiABULICHHIM TeMIlepaTypH 30iblryeTsest mpubmmsno y 50 pa-

/ 3iB, a mpu Temmepatypi moHag 80 °C 5%-i pozunn [TAM-12 me-

C4Ho peXoauTh Y TBepAWH (AparjenogiOHuil) cTaH, SKU IpH 0XOJI0-

‘ ‘ ‘ JDKEHHI TIOBEPTAEThCS y MOYATKOBUM pimkuil crad. [Ipuuomy

10 30 50 70 HpOIEC MiBUIIEHHS B’A3KOCTI NPU HATPiBaHHI H PO3Pi/KEHHS

T.°C TaKUX “Tapsyux ApariiB” MpU OXOJOHKEHHI MPOXOIUTH MO OJ-

Puc. 3. 3anexmicts B’s3k0cTi posummip  HiM 1 Til camiil KpuBIif — 6e3 ricTepe3nucy i Moxke BiITBOPIOBATH-
Bij Temmeparypu cs1 6e3koHeuHO (puc. 3).

Mu mokasaiu, 1o Mpouec MiABUIIEHHS B’S3KOCTI BOAHUX PO34YHHIB TiapodooHux momiamdonitie (ITAM-
10 — [TAM-16) npu HarpiBaHHi OMUCYETHCS EKCIIOHEHIIABHUM PIBHSHHIM 1) = 1o exp (—AH/RT) (r = 0,96—
0,98), mpotunexxHuM BizoMoMy piBHsHHIO Elipinra—Ennpeiita 1 = 1 exp(AH/RT), sKoMy TiAMOPSAKOBYETHCS
OUIBLIICTD MOMIMEPIB SIK Y BOAHUX, TaK 1 B OPraHiYHUX CEPEAOBHUILIAX, & TAKOXK Y PO3ILIaBax.

Taka He3BHYaiiHa MOBeAiHKA TiAPOGOOHUX MOTiaM(OIIITIB y BOAHUX PO3YMHAX 3YMOBIIEHA HASBHICTIO B
MaKpOMOJIEKYJIaX X CIIONYK BETHKHX OIYHMX BYTJICBOIHEBHX PaJWKaiB 1 MPOTHIICKHO 3apsIKEHUX QYyHK-
LiOHAIBHUX TiAPOMITBHUX TPYIL.

3a KONOiAHO-XIMIYHHMH MapaMeTpaMH, KOXXHa MaKpOMOJEKysa MmoiiaM(oriTy — Iie MeBHa KiIbKICTh (7)
Mmornekyn [TAP, cnonydeHnx Mixk co00I0 MITHUMH KOBAJICHTHHMHU 3B’SI3KaMU, alie aHaJIOTi4HO HpOLecy Mille-
JIOYTBOPEHHS BHACTIIOK riipo)oOHMX B3a€MOMi MparHe MEperTH y TEPMOIUHAMIYHO HAMBHUTIAHIIMN IS
Hel KoHpOpMaLiiHUA cTaH — 3rOpHYTHCA (CKPYTUTHCS) TaK, MO0 3aXUCTUTH (3aX0BaTH) Bix Boau (“‘moraHuii”
PO3YMHHHUK) CBOI BYTJIEBOIHEB] paAUKal i MEpeTBOPUTUCH Ha HEUTpalbHy TiApo(dibHy KONOIIHY YaCTHHKY
3 TinpodoOHUM SApOM 1 riapodiTEHUMH TpyHaMu Ha moBepxHi. YnM moBuri OivHi pagukanu (R), THM KOMIIaK-
THiIIy (MEHIIY 32 PO3MipOM 1 OLIbII BOOPSIIKOBAaHY) KOJNIOIIHY YaCTHHKY (MiLl€Ty) YTBOPIOE MAaKPOMOJIEKYJIA.
3pocTaHHs TeMIepaTrypH Lie OuIblie miABHIIYye rinpodoOHi B3aeMoaii, me Oinpie 3MeHIye B 00’ eMi Tinpo-
(oOHI yTBOpEHHsI 1 CHpusie BUXOAY HA MOBEPXHIO MilleNl OLTBLIOI KIMBKOCTI MPOTHIIEKHO 3apsPKEHUX Tif-



118 Kamanusz u nepmexumusn, 2014, Ne 23

podiIBHUX TPy, 3MEHIIYE iX TigpaTamilo 1 THM CaMUM NEPEBOAUTH MAKPOMOJIEKYJIN B aKTUBHHM CTaH — Ha-
nae iM 37aTHOCTI YTBOPIOBATH MKMOJIEKYJISAPHI 10HHI 3B’ SI3KH, HMOBIPHICTB SIKMX, 3rizHo 3 Kemnbenom, mpo-
nopuiitaa ¢ *”*". BogHouac miBUINEHHS TeMIepaTypH 3yMOBIIOE BUCOKY iiMoBipaicTs (¢*¥F) B3aemuoro 3i-
TKHEHHS TaKUX AKTUBOBAaHMX MAKpOMOJIEKYJ, LI00 MOIVIM YTBOPIOBAaTHCSA YK€ MDKMOJIEKYJSIPHI 10HHI
3B’SI3KU. 3/MIHCHIOETHCS CBOEPITHUN 10HHUI OOMIH: 3aMiCTh B3a€MHOI HEHTpai3allii KHCIOTHUX Ta OCHOBHHX
TPyl Ha OBEPXHi OJHiI€T MAKPOMOJIEKYJIH BUHUKAIOTH TEPMOJMHAMIYHO BHUTIAHIIII B JAHUX YMOBaX MiXMO-
JIEKYISPHI 3B’A3KH, 10 W MPUBOJUTH OO0 YTBOPEHHS MPOCTOPOBOi TPUMIPHOI CTPYKTYpPH — Trapsiuux Apariis,
TOOTO CTPYKTypHU3allii CUCTEMHU.

VIMOBipHiCTb TOro, 1[0 MAKPOMOIEKYIIH, fKi 3iTKHY/IHCS, MATHMYTh JIOCTATHIO HEPTit0 1 HeoOXiNHYy Opie-
HTAILi0 [U1s yTBOPEHHS CTPYKTYPH, IporopiiitHa 1o6ytky e 7 ek,

Takum 4MHOM, Ha MIPUKJIAAl CTBOPEHUX HaMU rpeOeHenoiOHnX noniaMQotiTiB MU, Hi — HE MU (S TYT HO-
MIYHUKIB HE MaB), a s BIIEpIIE MMOKa3as, 110, 3MIHIOIOYH JIUIIE JOBXHUHY OIYHMX BYTJICBOAHEBUX PalUKaliB,
TOOTO T1ApOPOOHICTh, MOKHA CTBOPIOBATH SIK TOJIIaM(OIITH 3 BEPXHBOIO KPUTUYHOIO TEMIIEPATYPOIO 3MilTy-
BaHHs (BKT3), B’s13KiCTh SKMX 3MEHUIYETHCS IIPU HArpiBaHHi (3BMUaiiHe siBUILE), Tak i nomamdodritu (IIAM-
10 — TIAM-14) 3 HWKHBOIO KpUTHYHOIO Temmeparyporo 3mimyBanHa (HKT3), B A3KicTb BOIHUX pO3YHHIB
SAKUX 30UIBIIYETHCS MPHU HarpiBaHHI. AHOMaJbHA MOBEOIHKA TaKUX TiApopoOHMX momiaM(omniTiB y BOTHUX
PO3YHMHAX MiATBEp/UKEHA JTaHUMHU KOHAYKTOMETPUYHHX Ta PEHTI'eHIBCBKUX JOCIIIKEHDb i B TIEBHOMY HAOIH-
KEHH1 HaraJlye MOBeJiHKY HaTypalbHUX MENTHIIB.

HoOpe Biomo, 110 3 MiABUIICHHSIM TEMIIEpaTypH KPOB 3TYLIYETHCS, 1 4ACTO Ui 3HATTS HeOe3leKu JieTa-
JILHOCTI OpTaHi3M 330BHI OXOJIO/KYIOTh JTHOJIOM, 1100 3MEHIIUTH T'YCTUHY KPOBi, 3pOOHUTH ii Pi/IIION, MEHIII
B’513K010... KpiMm Toro, it 3MeHIIeHHS B S3KOCTI, Ul PO3PIIKEHHS KPOBI XBOPOMY 4acTO BBOZSTH acIIipyH,
Ha Hally TyMKy, 1100 HEWTpai3yBaTH OCHOBHI (3apsyDKEHI MO3UTHUBHO) TPYNMH KOMITOHEHTIB Oinka. Ilocs,
MOXeE JIMIIE y Ay>Ke JaJeKoMy HaOJMKeHHi, alle 3HauHO e(eKTHBHILIE CIIOCTEpiraan i MU — Miclis HeHTpalti-
3a1lii YaCTHHU OCHOBHHUX TPYI KHCJIOTOIO (TaKOX W acmipuHOM) TriipodoOHi momiaMmQoniT BTpayaroTh 34aT-
HICTb 10 MiIBUIIEHHS B’SI3KOCTI P HAarpiBaHHi iXHiX BOAHUX po3uMHiB. Takuii camuii eeKT BUSBIAETHCA 1
npH HEeHTpami3alii KUCIOTHHUX TPYI MOiamMQoIiTiB OCHOBaMH, TOOTO, m00M mo30yTHcs edeKTy 3ryIieHHS
BOJIHOT'O PO3UMHY NOniaM(oJiTy MpH HarpiBaHHi, Tpeba 3MICTUTH CTaH piBHOBAard B OyAb-sKUi OiK Bix i30-
CNIEKTPUYHOI TOYKH. SIKIIO KpoB Mae am(oOTepHi BIACTHBOCTI, TO HJOOABKOIO acmipuHy (KUCIOTH) W Jocsra-
€Thcst epekT po3pimkerHHs... CTaOlIi3yrOTh IPOIIEC ITiIBUINEHHS B’ I3KOCTi 3 TEMIIEPATYPOIO 1 TOOABKHU €NEKT-
POIITIB (XJIOPHUIIIB HATPIIO, KANBLIO TA iH.) — COJi, HAJUIMIIOK SIKUX TaKOX IIKIIJIUBO BIUIMBAE HA apTepiaib-
HUI THCK Ta Pi3HI MPOLECH XKUBOro opranizmy. LlikaBo, mo Ha npukiazi nomaM@oiiTiB CrocTepiraloTbes i
iHII HeBmacTHBI nmojiMepaM edekTu. 3’sCyBaocs, 0 OJHOTHIIHI MOMIMEPH 3 MEHILIOI0 MOJEKYISIPHOIO Ma-
colo (CTymeHeM MoJliMepu3alii) MaloTh BHUILY XapaKTEePUCTUUHY B’s3KicTh. Llel edekT Takok XapaKTepHHMA
JUISL TPUPOAHUX TOMINENTHAIB: MICNs pPO3pi3aHHsI MaKpOMOJEeKyl OiIKka TpPOMOIHOM YTBOPIOIOTHCS MEHII Ma-
KPOMOJIEKYISIpHi (pparMenTy, ajne B’ I3KiCTh pO3UMHIB OCTAHHIX MiABUIIYETHCH. .

Ha ocHOBi nux 1aHUX MH HE 3pOOHIIH SIKMXOCh IPUHIMIIOBUX BUCHOBKIB. JIJIsl IbOTO HE BUCTAYMIIO Hi KBa-
midikamii, Hi "acy... 3aTte y Ui cepii BOZOPO3UMHHHX IOJIIENIEKTPONITIB OyI0 CTBOPEHO 3HAYHO MPOCTIILHU
MPOAYKT — “moJiam”:

C,H, COONH,

CONH,

ns

3aCTOCYBAHHS SIKOTO Y BUPOOHUIITBI Manepy Aa€ 3MOr'y MPaKTUYHO MOBHICTIO BUKIIOYUTHU CyNb(aT altoMiHiI0
1 THM caMHM 3pOOHTH 1€ qyXe OpyaHe BUPOOHHUIITBO €KOJIOTiYHO YHCTUM. Y LleHTpanpHOMY iHCTUTYTI mare-
py (M. ITymkino mig MockBoro) Oyi0 moka3aHo, 0 Hall “roiiam’” MPakTHYHO MOBHICTIO BUOUPAETHCS 13 TEX-
HOJIOT1YHO1 BaHHM (HE 3a0pyJHIOE CTIYHMX BOM) 1 MiABHILYE SKiCTh manepy. HoBOKyiHOUIIEBCHKUI TOCTITHIHA
3aBoj B (Camapchka 00:1., Pocis) BUTOTOBHB JOCITIHY MApTii0 I[LOTO MPOAYKTY i PO3POOUB TUIaH HOTO Mpo-
MUCIIOBUX BUIPoOyBaHb. He 30ynocs. Poznascs CPCP i Ham napTHep, BIacHe BiAMOBIAaTbHUN 32 LIO CITiIb-
Hy poboty i3 LleHTpanbHOro iIHCTUTYTY Hanepy 1o TenedoHy MeHi cKas3aB: ... a C BAMH, XOXJIAMH, 51 HUKaKHX
JIeN uMeTh He xouy”... YoMy BiH Tak? Y Hac 3 HUM OYITH TUTBKU A00pi IPYXKHI CTOCYHKH. ..

Ta y Hac mpoBonwIX H 1HIII, He MEHII IiKaBi poO0TH. 30KpeMa, AyKe MepCIeKTUBHIMHU BUSIBHIIUCS TTOLIY-
KOB1 JIOCTi/)KEHHsI, CIIPSIMOBaHI Ha CHHTE3 1 CTBOPEHHS BUIIMX JKUPHHUX TiJPOKCHKapOOHOBHX KHCIOT, COJi
SAKHUX € epEeKTUBHUMH 3TYIIyBauaMH KOHCUCTEHTHHX IUIACTUYHUX MACTHIL...

Mu noBenu, 110 HalLiKaBiKUMU Ticist 12-TiApOKCUCTEapHUHOBOI KHCIIOTH, SIKa BUPOOIISETHCS TiIpyBaHHIM
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PHULIMHOBOI KHCJOTH 3 PULIMHOBOI OIIii, € 6-TiQpOKCUKapOOHOBI KUCIOTH, BIIEpIIE OTPHUMaHi HAMU BUIbHOpA-
JIWKaJIBbHAM aJIKUTyBaHHSM (3a MmerogoMm ['apaina) HUMKIOreKCaHOHY BHIIMMHU 0O-OfieiHAMH Ta HACTYIIHUM
OKHCHEHHSIM 2-aJIKUIIHKIIOreKCAaHOHIB OpraHiYHUMHU HaJKUCIOTaMu 3a MeTofoM baitepa—Bimmirepa:

cO
R—CH==CH, + R CQO R O~co R COOH
\/\(j . W
OH

3aMiHMBIIM LMKJIOr€KCaHOH HA NHKIOAONCKAHOH MM BIEpIIe OTPUMAald CHHTETHYHY 12-
T1IPOKCUCTEapUHOBY KHCIOTY. B Mipy momanbmioro po3BUTKY AOCHiIKEHb Oya0 CHHTE30BaHO 1 7-MeTHII-6-
T1IpOKCUKapOOHOBI KUCIOTH. Y IIbOMY pa3i T0BEIOCS BUXOAUTHU 3 MPOAYKTIB OPTOANKLTYBaHHS (EHONY BU-
MU o-0j1epiHaMH, 33 CXEMOIO

CH, OH CH, OH

OH Me CH,
R R 00 COOH
RCH==CH, + — R - — =R
OH

VYci cTBOpEHI TaKUM YHHOM TiIpOKCUKApOOHOB1 KHCIOTH BHABWIHNCS €EKTUBHUMH 3aryllyBauaMi KOHCH-
CTEHTHHX IUIACTHYHMX MacTWl. JlocmigHUN 3pa3oK 6-TiOpOKCHCTEapHHOBOI KHCIOTH OYJIO BUTOTOBJICHO Ha
HporobuiibkoMy gociigHoMmy 3aBofi. OmHak pobora He Oyna JoBeleHa N0 BIPOBAIKEHHS y BUPOOHHIITBO
TOJIOBHUM YHHOM 4epe3 HEMOPO3YMiHHSA (S He MOXY Hi 3pO3yMITH, Hi MOSCHUTU — YOMY)... Y HAac 3 HOBUM
kepiBHUKOM Cektopy HaTOXiMii JOOpi CTOCYHKH He CKIanucs... Byso JiKBiIoBaHO HECTPYKTYpHY Jlabopa-
TOpit0 Ha(TOXIMIYHOTO CHHTE3Y, SIKOIO s 3aBiqyBaB. MeHe movyany MepeBOAUTH 3 Biaginy y Biamin (9 pasis).
Moske, uiie Ui Toro, oo s He BUTpUMaB 1 MOKWHYB Bigninenns nadroximii. ..

Ta meHi myxe mogobanacs Most podoTa, 5 ii caM CTBOPHB 1 30BCIM HE XOTiJlocs Bee e nokugatu. Kpim to-
ro, TOJi MeHi, TAJIMYaHUHY 33 TTOXO/DKCHHSM, HEOS3MeYHO OYyI0 3pHBaTHUCS 3 MICIIS — BCl TakKi, sIK s OyJau Ha
ocobnmuBoMy 007iKy... [Tonepenniit kepiBauk Cekropy HadToximii J3anTumup MukonaiioBuu TmMeHOB MeHi
posmoBiB, mo “toai (1972 pik), konu 3a HarioHami3M i3 CexTopy HadTOXiMii “CKOPOTHIIN” WICTHOX CHIiBpPOOi-
THUKIB (TPbOX i3 HAIIOrO BiAALLy), TO 51 MaB OyTH cbomuM”. Ta HiOM “KomMmpoMaTy Ha MeHe 0YyJI0 MallyBaTo —
s TUTBKW 3aBXIU 22 TpaBHS XOAMB 10 mam’sitHuka llleBueHky, ane st OyB TOAl €IMHUM CTapIINM HAYKOBUM
CIBpOOITHUKOM Y Bigaiii i ToMmy TMEHOB 3Mir MeHe BiacToATH . JIBO€E 31 CKOPOUEHUX Mald yXKe HaJpyKOBaHi
noktopchbki muceptarii (Hazapok, Ckapuenko). XKomeH i3 HUX TOKTOPOM HE CTaB, a 3aMiCTh TOrO — XTO 3, a
XTO BCi 5 pokiB xoauB 110 KueBy 6e3po0iTHUM. ..

Jiiinio 10 TOro, Mo B XapaKTEepUCTHUIl, BUIaHIN AJIs 4eproBoi mepeaTecTarii Ha Mocaay CTapIioro HayKo-
BOrO CHIiBpOOITHHMKA, MEHI 3allMCcaii: “‘CKJIOHEH K CO3JaHHI0 KOH(IMKTHBIX CHUTyauui’... 3ampoTrecTyBaju
MPOTH LBOTO JHIIe ABa wieHn naproropo — Jlinisa [etpisna [amoBanosa ta nmpodecop, JOKTOp XiIMIYHUX Ha-
yk bopuc ®enoposnuy Manndenko, a npodecop Onncum OnexcanapoBud Kayan MOBUKM TOKHMHYB Te 3aci-
JaHHA. 3a4eKaB y KOPUIOPi JOKH 1 g BHHY 1 3aIpoIOHYBaB MEHI IepelTH y Horo Biagin... S noaskysas, ane
nepertioB y Bianin mokropa Jleonina Muxaiinosuda PoeBa, 3 sskum ipo 11e JoMoBUBCs padimie. “["apasn. Tam
Bawm Oyne no6pe” — ckazaB Onucum OnekcaHapoBuY. “TPUKYTHUK TaKy XapaKTepPUCTHKY minmucas... [Ipote
HaBITh 3 TAKOIO HETaTUBHOIO XapaKTEPUCTHKOIO aKaleMik-cekpeTap BimaiaeHHs xiMii Ta XiMiuHOI TeXHOJOTr1l
Ipesunii AH YPCP, akanemik HAH Ykpainn Banepiit [1anoBuu Kyxap Moro mepeatecramito miarpumas. A
AKOM Ha Horo Micli y TOH 4ac akaleMiKoM-cekperapeM OyB XTOChH iHIIMH, TO HalleBHE MOsl HAyKoBa Kap’epa
Ha [bOMY 1 3aBepIIMIACA. ..

I3 Bigniny JI.M. PoeBa MeHe Takok MIBHIKO repeBenu y Bimaur [IAP, skum movaB 3aBigyBaTH KaHIUAAT
TexHIYHMX Hayk Onnpxix Jlroasikosuu I'masati. Ha 1ieid pa3 MeHe nepeBenu yxe HiOH i Ha MiABUILEHHS — K
3aBigyBava HECTPYKTYpPHOI JaboparTopii XimMii OpraHiYHUX MOJIIEEKTPOIITIB, CTBOPEHOI CIeLiaNbHO JJIsl MEHE.
Ta npu Harozi s MOMPOCUBCS Y BIAAUT Ximi3alii HaTOBOI Ta ra30BOi MPOMHCIOBOCTI, IKUM 3aBigyBaB Moii-
ceit leimikosuy Kenmic.

3a mIaHOM BUYEHOI paau BiytiieHHs s MaB 3aXUCTHTH JOKTOPCHKY aucepranito 1o 1980 p., a 3aBepIieHor0
BoHa Oyna yxxe y 1977 p., ane Boanocs ue 3pooutH e y cidri 1992 p., micns toro, sk Binginenns nagro-
XiMmii BBifiuIo y cTpykTypy IHCTHTYTY OioOpraniynoi ximii Ta Hadroximii HAH Ykpainu, akuil ouonus aka-
nemik B.I1. Kyxap.

BrpatuBmm Hazito, g mepecTas i Aymatu mpo amcepraiiro. Pobus Te, mo MeHi Oyno mikaBo, Te, U0 Mir, i
Te, Mo Oyno moTpiOHO. 3 MOE ydacTio OyI0 OpraHi30BaHO IMPOMHUCIOBE BUPOOHMUILITBO iHTIOITOPIB KOpPO3ii
tuny “Hadroxim” Ha porobunskomy Hadromnepepodnomy 3aBoi. ¥ Pocii 3a Moeto iHiliaTnBor0 0yi0 CTBO-
peHo BHPOOHHMLTBO cepii iHri0iTOpiB Kopo3ii Tumy “Tiomens” Ta “Inkanyp”. Jleski 3 HUX 1 BUpOOsIIHCS, 1
BHKOPUCTOBYBAJIMCS Y IPOMHUCIIOBUX YMOBax. 3a HUKJ poOiT 1poro Hanpsmy Munnedrtenpom CPCP s 3a-
XHCTY JOKTOPCHKOI AMCepTalii BUJaB MeHi JOKYMEHT Ipo Te, 10 “pe3ynbTaThl 3TuX padot nozonunu CCCP
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COKPATUTh 3aKYyINKH 110 UMIIOPTY PEareHTOB Ha CyMMY B 25 MWJIJIMOHOB JoJiapoB B rox”. HaiiGineiie nuima-
10Ch, MOXeE, i HAMIPOCTIMIO 32 XiMi€r0 POOOTOI0, BHACHIAOK sKOi B Kamycbkomy KoHLepHi “XmnopBiHin” 3a
MOEIO 1HINI1aTUBOIO 1 3a Oe3rmocepeHbOl Y4acTi Ha BCiX cTafdisx Oyia0 opraHi30BaHO MPOMUCIIOBE BUPOOHHIIT-
Bo aminonitpmry LHEJIA: NC-CH,CH,—~NH-CH,CH,~NH-CH,CH,—CN sk cupoBWUHU JjIsl BUPOOHUIITBA iH-
ribiTopa xopo3sii “Hadroxim-3" y dporobuui. PoGora nounnanacs 3 xiMiuyHOi (hopMyiH, HaMCaHOI MHOIO Ha
narmepi, i mpodIIia IUISX BiJ pO3POOKH TEXHOJIOTIYHOTO PeriiaMeHTy, MPOEKTYy, KOMaHHs KaHaB i (yHAa-
MEHTY, OyAiBHHUITBA Ta CEPifHOr0 BUIYCKY MPOAYKLil Ha Wi HOBili aBTOHOMHIN (X BIAKpUTHM HEOOM)
TPUIIOBEPXOBiil YCTAHOBLI 3 ABOMA peakTopamu 10 25 m’ koxeH. Jlyke 6arato yBaru mpUAiIss Iiii poGori
Moiiceii [letinikoBry Kenaic, y Binaiiai sKoro s HaiOUTbII yCIIIIIHO MPaLlOBaB MPOBITHUM HAYKOBUM CIIiB-
poGiTHukoM... Ta cramocs. CPCP possanuecs. Moiiceii [leiinikoBu4 Ha3aBk I BUIXaB 10 AMEPHUKH... i JeCh
gepe3 pik Tam nomep. Ham He Banocst 3MiHICHUTH HOro Mpiro — peani3yBaTH Haili po3poOKH i Ha CBITOBOMY
PHHKY... A 31aBaiocs, 0 BiH JIMILE 3 TAKOIO MeToro i nepedbupascs go CILIA...

A B Ykpaini mouanacst pozpyxa. Hiou € YkpaiHcbka He3anexHa Jiep:kaBa, aje Hema rpomieid... Ha poborti
MepecTaiy BHUILIAYYBaTH 3apoOiTHY IJIaTy, NpaliBHUKIB BiANpaBIsIOTh y 0€30IUIaTHY BIOMYCTKY... Ta MeHi
HIOW ¥ TyT ycMixHynacs 1oJs. 3a KOHKYpCOM Ha Mill MPOEKT Ha po3pOOKY TEXHOJIOTil 3HEKOKEHHS (YTHITi-
3a11ii) piIKoro pakeTHOro MajabHOro (renTuiy) MiHicTepcTBO 00OPOHH BHIUTMIIO AESKI KOIITH. ..

V cBiTi Ha TOH yac He OyJ0 TEXHOJOTil 3HEMIKOIKEHHS, BIaCHE, XIMIYHOI TIepepoOKH 1i€l HaI3BHYAIHO 1
TOKCHYHOI, 1 KaHLIEPOT€HHOT PEYOBHHH, 00 sIEpHi Aep:KaBH IIe He PO330poroBasiucs. YKpaiHa MepIioro B3sia
Ha ce0e Take 3000B’s13aHHS, OTPUMABILH BiJl SAEPHUX JeprKaB “MeMOpaHAyM’ MPO rapaHTii BOEHHOI O€3MeKH.
Sk Mu Temiep 6auUMO — JIMIIIE HIYOTO HE BapTHii Mamipenb, a OAWH i3 TUX rapaHTiB i HAIll “‘CTpaTerivHui mapT-
Hep” yKe OKymyBaB YkpaiHncbkuih Kpum 1 Bxke OUTbII SIK IBPOKY BeJie )KOPCTOKY BiiiHy Ha lonOaci, BiacHe,
Ha TIOBHE 3HUILECHHS YKpaiHCHKOI JIep>KaBH... — HIOM 3 METOIO “3alUTHI PYCCKOS3BIYHOTO HaceneHus” BOMBae
UX POCIHCHKOMOBHUX... [HIIMX Ha [lonbaci He Oyso 1 B TOi yac, Koiu s npanoBas y PyOixHOMY...

Ximito HecumeTpuuHoro aumerwiriapasuny (HAMI, “rentuiy”) s ye TpOLIKH 3HaB, 00 KONHUCh MU BH-
KOPUCTOBYBAJIM HOT0 SIK CHPOBUHY U CHHTE3Y 1HTi0iTOpiB KOpo3ii. 30kpema, i3 HbOro MU CTBOPWIIH iHTiOi-
Top Koposii “Inkanyp” (“Iuribirop koposii Akagemii Hayk Ykpainu”):

C#ﬂs | i
0—""N—NH, CI~,
H,C |

10 BUTOTOBJISIBCA Y M. J[3epxuHChK [ 'opbKiBebKOi 0071. B Pocii 1 3acTocoByBaBcs Ha HadTonpomucnax Heg-
TEIOTaHCBKA.

Ta, m06 Bupimmty npodnemy yruiizanii HAMI™ HeoOxigHo Oya0 BUBUHUTH BJIACTHUBOCTI Li€1 pEUOBHHH Je-
TaJbHIIIE. YK€ MOMepeHi TOCTIPKEHHS MMOKa3ajy, M0 HAWAKTUBHININM PEaKIiHHUM IEHTPOM Y MOJEKYJIi
HAMI € TperuHHMI aTOM a30Ty, a BUIbHY aMiHOTPYIy 3a PEakKUiifHOIO 3MaTHICTIO MOYKHA HPUPIBHATH OO
3BHYAHOI METUJIBHOT TpynH. BnacHe, To Bxke Oyno BUABJICHO y cUHTE31 iHKaHypy, Ae MU HJIMI ankimroBanu
130HOHUI(EeHLT-B-XxTT0peTniIoBUM eTepoM. LlikaBo, sk MU Breplie MMoKa3aiu, IO OTPUMaHi TaKMM YHHOM N-
ankin-N,N-qumermn-N-aMiHOIMIHY Ta IXHi COJi MOXKYTh OyTH BUKOPHUCTaHI K e)EeKTUBHI MPEKYPCOPU B Op-
ra"iyHoMy cuHTe3i. Tak, MU JOBenH, IO Mia30TyBaHHSAM i3 UYETBEPTUHHHUX COJEH aMOHIMIMIHIB MPaKTHYHO
KUIBKICHO YTBOPIOIOTHCS] TPETUHHI JUMETHIIAKITAMIHH:

Me N CH,
- v
Me,N—NH, + Alk—Br —= Ak—N—NH, Br + HNO, — 2 Ak—N]
Me g CH,

3’scyBanocsi, U0 YeTBEPTHHHI aMOHIHIMIHM MPAaKTHYHO 3 KUIbKICHUM BHXOAOM YTBOPIOIOTHCS MPHU B3ae€-
monii HJIMI" 3 okcuaamu ankeHiB, IIics 1ia30TYBaHHSAM SKHX, MOXE, i HAUIPOCTIIIAM CIIOCOOOM, YTBOPIO-

IOTHCS BIATOBIHI TPETHHHI 1,2-aMiHOAIKAHOIH:

CH
3 Me

| ~

+

Ak—7 + MeN—NH, ——= Ak —CH— CH,—N—NH, —= Ak —CH—CH N
(0]

é’ CH, OH

Bzaemogiero amiHOAMKaHOMIB 3 €CTEPaMU MOHOXJIOPOLTOBOI KMCIIOTH MM OTPUMANH JyXKe LiKaBi rerepo-
LTUKITIYHI CIIOTYKH:


shevchenko
Пишущая машинка

shevchenko
Пишущая машинка
N
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SIKII0 BUXOIUTH 3 HAHAOCTYIHIIIOIO OKCUAY €THIIEHY, TO BHACHIZOK ILi€i peakiii yTBOPIOETbCA AUMETH-
naminoeranon: Me;N-CH,CH,—OH, sikuii mmpoko 3acTOCOBYIOTh y (hapMaleBTHUYHIH XiMii (BUPOOHUIITBO
XOJIIHY Ta Horo noxignux). Ta, oueBHIHO, HAWNIEPCIIEKTUBHIIIE 0y10 O 1 OTPUMYBAaTH AUMETUIAMIHOCTAHOI, 1
TaKUM YHHOM 3HEHIKO/PKYBATH TENTHJI NPOCTHM KAaTAJITUYHMM TiIPYBaHHIM TiApOKCIETUIAMOHIHIMIHY,
orpuManoro B3aemoiero HAMI 3 okcuziom eTuiieHy:

CH,
H,C, @) + - H HC.
N-NH, * /A ——= HN—N—CH,—CH,—0" — 2= % "N—CH,—CH,— OH+ NH,.
H.C CH Kat  He

3

TexHoMOTiI0 TaKOro Mpolecy MoxHa 0yno 0 peanizyBaTu Ha MOOUIBHOMY 3aBogi Gipmu “Thiokol” — mepe-
TOBOPH PO L€ MU BEIW 3 OAHUM i3 ii KOMepUilHMX AUpeKTopiB, IropeM Y>kMHCBKMM. 3a TEXHOIOTIEIO
“Thiokol” nmpobnema yrunizanii HAMI Bupimyetbcst He noBHicTio, 60 HAMI rinpyroTs 10 muMmeTwiaMiny,
SAKUH € BHUXiIHOIO PeYyOoBHHONO aisi BUpoOHHuTBa Toro  HJAMI. Ta mpoOnema 3HEMIKOMKEHHS TeNTHIY B
Vxpaini Bianana. HAMI nponanu Pocii 1 Tomy HemoTpiObHo0 BuABHIAcs 1 po3pobieHa HaMH TEXHOIIOTisS HOro
3HEIIKO/KEeHHs Ta BupoOHuNTBa Ha ocHOBI H/IMI™ HOoBHX ITAP aMoHiliiMiHHOTO THIY i3 HATypaJbHUX TPH-
TIinepuiB (pilmakoBa Olisl) Ta OKCUAY €THIICHY 32 CXEMOIO:

/ | OCOR

RCOOMe  * N TN, * OCOR
Biodisel | OCOR

- MeOH HO OH OH

0}
J e on
R N _,le\/
Me
Bapro migxpecnuTH, Mo B mporeci po3po0Ku CIoco0iB 3HEMIKOIKEHHS TeNTHIIY MU BIIKPWJIM TakKi HOBI
peaKIlii, IK OTPUMaHHS TPETUHHUX aMiHIB J1ia30TyBaHHSM (HABEACHO BUIIIC), CHHTE3 TU3aMIlICHUX aJIKiIapH-
nKapOamigiB (CEYOBHH):
0]
H H
J’I\_ +| R/N N\A \N
— — — — +
R™ N l\ll—CH2 CH,—OH + Ar—NH, —>= oA NS 0H
(0]

a TAKOXX HEBIZIOME paHillle meperpynyBaHHs:
(0] (0] |
P} ar + Hn-N, — U e o MeON O L Nc—c—oH
ro+ - — —C-C—
R O/\/ 2 N R O/\/l o Br R | H2 H2

Ha upoMy Mos akTMBHa eKCiepUMEHTabHA AisUIbHICTh B OpraHiyHii Ximii 3akinumnacs. 3 2005 p. 3a mo-
pyuenHsm qupekropa IHOOY HAH Vkpainu, akamemika B.I1. Kyxaps s mepeiimos Ha “mitepaTypHy po0o-
Ty”. [louaB mucaTH OTJIANOBI CTATTi, NPUCBAYEHI CHHTE3y HENMPOTETHOrE€HHMX aMiHOKHCIIOT, HalLiKaBiIMMu
13 sAKuX € “o-rerepunzamimeri o-amiHokuciorn” (Tanuyk 10.B., Kyxap B.I1. XypH. opr. Ta ¢papm. ximii. —
2006. — 4, Bum. 1(13). — C. 3-27.) TUILy aMiHOKUCIIOTH

sKa BXOIUTb y CTPYKTypy momiokcuHiB; “Iloxiani okcazomiauny y cuHTe3l C-rerepui- ta C-roiuuaui- o-
aminokucnot” (Tanuyk 10.B., Kyxap B.I1., Tanuyk B.1O. Xyps. opr. ta ¢papm. ximii. — 2007. — 5, pum. 1(18).
— C. 3-24.) tTuny C-rniuuaun-o-aminokucnot (B i I):

HO OH HO, OH
NH, Lo
(0} H
Ho : HO- A\ COOH
> COOH Y

OH NH

B , HO OH
A OH
HO NH, Q H
Q o : HO ~\ N COOH
B ~"CooH OH
OH 0

NH
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aki € C-i3octepamu ranakro3ui-O-cepuny (A) ta ramakrosunacnapariny (I); “B-I'izpoxcu-o-aMiHOKHCIOTH.
Acumerpuununii cuntes”, I, II (Kyxap B.I1., Tanayk FO.B. XypH. opr. Ta dapm. ximii. —2010. — 8, Bum. 2 (30).
ta Kyxap B.II., Tanayk FO.B. XypH. opr. Ta ¢apm. ximii. — 2010. — 8, Bum. 4 (32). — C. 21-39) Tuny 1,4-(2'-
OyTteHin)-4-mMeTun-N-MeTUI-L-TpeoHiny:

OH O

OH

I\é/Ie NHMe ,
10 BXOJUTh Y CTPYKTYPY IUKJIOCIOPHHY, Ta 0araThoX 1HIIUX NMpupoaHux antubiotukiB (Cyclomarin A, Cal-
lipeltin A, Papuamide A), six, Hanpukiaz, (2R,3S)-B-riapokcudeninanadin:

OH O
Ph” " “oH

NH,

Jo B-rizpokci-o-aMiHOKMCIIOT TAKOXK HaJEKaTh TaKi CHIBbHI IMyHOCYIIepCcaHTH, sIK Myriocin

OH
N : COOH
//N\v/”\\//\\H/A\\//\\//A\\//\\V/A\?//\\f;NH2
0] OH \\OH

ta Sphingofungin E:

0 OH i_ 2

MOBHUH CHHTE3 SIKUX 3IIHCHEHHH AMOHCHKUMH XiMikamu. Lli ckmagHi poOOTH TaKoX PO3MIISIHYTO B HAIIOMY
OrJIsL .

HaBnaxwu, rizpokciaMiHOKHCIOTH, TiIPOKCHIBHA Ta aMiHOTPYITH, B MOJIEKYJaX SIKHX 3HAXOISTHCA BiIOBI-
JIHO B (- Ta [3-TIOJIOKEHHSIX O BiJHOIIEHHIO 10 KapOOKCHIBHOI TPYIH, SIK (hapMako(OopH BXOIATh Y CTPYKTY-
py OectatuHy, amacTaTuHy, eOECTUHY, MIKPOT€HIHY W TaKUX CHHTETHUYHMX IHTIOITOpIB aMiHONENTHIA3, 5K
HIV KNI-227, KNI-272 ta 6arateox iHIIUX NPUPOIHHUX 1 CAHTETUYHHUX O10JIOTiYHO BaXKIIMBUX PEYOBHH, JIi-
KyBaJIbHUX 3ac00iB. OnHaK JuIIe BiJKPUTTS MaKJIiTakcedy (Takcolly) CTaqo HaWBaroMillMM CTHMYJIOM IS
IHTEHCHBHOTO PO3BUTKY XiMii IIUX 0-T1JPOKCHU-[-aMiHOKHCIIOT:

NH, O NH, O NH, O NH, O
R/A\Y/M\OH R/l\Y/M\OH R/l\T/M\OH R/A\T/M\OH
OH OH OH OH
2R,3S 2R3R 2S,3R 28,38

Taxcon Oyno BHIIEHO 3 KOPU THXOOKEaHChKOTo THCY Taxus brevifiola, ane, He3Baxxarouu Ha HOro JiKyBa-
JIbHI BIACTUBOCTI 100 BCiX BUIB 3JI0SKICHUX 3aXBOPIOBAHDb Ta PAKOBHUX METACTAa31B SK Y CEHCUTUBHOMY, TaK
1 B PE3UCTEHTHOMY CTaHaX, el TEpIEeHOIN TPUBAIUHA Yac HE 3HAXOAUB IIUPOKOro KIIHIYHOT'O 3aCTOCYBaHHS
TOJIOBHUM YMHOM 4epe3 Hu3bkuid (40—160 Mr/kr) BMicT fioro y Kopi gepeBa Ta CKJIAJHY TEXHOJOT'1I0 BHIIECH-
HS 3 Li€1 TPUPOTHOI OBLTBHO BiTHOBIIOBAHOI CHPOBMHH — MiCIsl 0OOaMpaHHs KOpH JiepeBo ruHe. Tomy Haspi-
Ja motpeda MoKy K HOBHX JDKEPEN, Tak i cnoco0iB OTpUMAaHHS Li€i BKpall BayKIMBOI PEYOBHUHH.

PerpocunTes i BceOiuHi XiMiYHI Ta iHCTpyMEHTaJIbHI AOCTIIKEHHS [MOKa3aly, 0 Takcol (A) € MOHOeCTe-
POM NodipyHKIIOHATBHOTO AuTepreHoiqHoro nomony — 10-anermnbakatuny Il (B) Ta (2R,3S)-3N-6enzoin-
2-rigpokcu-3-¢eninnponionoBoi kucnotu (N-Oen3oin-3-denin-izocepuny, B):
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i nani 3HaYHOIO MipOIO po3UapyBasld JOCTiAHUKIB, 00, SKIIO JOCHTH MIPOCTY aMiHOKHCIOTHY KOMITOHEH-

Ty — (2R,3S)-N-0en30in-3-(heHmnizocepuH MoXKHa CUHTE3yBaTH, TO TaKUi CKIAJHUN 3a CTPYKTYPOIO Ta CTe-

PEOXIMEIO TEPIICHOITHUN aJIKOToib, SIK 10-anerokcubakatus 111 oTpuMaTH CUHTETHYHUM CIIOCOOOM TyXe He-

npocto. OmHak mociigaukaM momactuiao. Y 1988 p. Denis Ta criiBpoOITHUKH MTOBIIOMIITH, 1110 B JIUCTKAX (TO-

JIKax) eBporneiceKkoro Tucy Taxus baccata MicTUTbCS TepHEHOITHUE ankoroib 10-geaneTnnOakaTHH, SKUN 3a
CTPYKTYPOIO Ta CTEPEOXIMIEI0 IJIKOM BiAIIOBiIa€ OCHOBHOMY KOMIIOHEHTY TaKCOMIY:

HO O OH

HO o E
O\VI OCOCH, |
CGHS

MPUYOMY LBOTO AJKOTOJIO B JIMCTKAaX €BPONEHCHKOro THCY 3HA4HO Oublie — 70 2 I/KT 1 JUCTKU € BiAHOBIIO-
BaHOIO CHPOBHHOIO. 3 THUX Mip W MMOYaBCA iHTEHCUBHUM PO3BUTOK XiMii SIK TOMOJIOTIB, TaK 1 MOXITHUX TaKCOIy
i, 3BicHO, pi3HMX aHajioriB (2R,3S)-N-Oenzoin-3-¢penunnizocepuny. LlikaBo Te, 1m0 CHHTE3 aMiHOKHUCIOTHUX
CKJIAZIOBUX TaKCOIY PO3BUBABCS MPAKTHYHO OJHOYACHO 3 PO3POOKOIO B LijioMy TakcomiB. HuHi ix Bigomo 0Oa-
raro.

ToOto TakuM yMHOM Oyiia CTBOpEHa okpeMa Ximis TakcoifiB. KopoTko Mu npoanamizyBaiu neil MaTepiai B
ol “ACHMETPUYHUHN 1 KaTaliTUYHHWNA CHUHTE3 d-Tiapokcu-B-aminokucnor” (Tanuyk FO.B., Kyxap B.IL.,
Karanu3 u Heprexumus, 2011, (19), 1-47). 3BicHo, 110 Hi O10MOTIYHUX, HI MEIMYHUX ACIIEKTIB Ii€]l mpoOieMu
MU HE TOPKAaJIKCh.

Brache, HaOpaBImIMCh AOCBiAY Ha aHaji3l MO0 BEJIMKOrO MaTepiaily 3 CHHTE3y HEMPOTEIHOIeHHUX aMiHO-
KHCJIOT, 51 JIMIII0B BUCHOBKY, 110 3BUYAHHOIO, KIIACHYHOIO OPTaHIYHOI0 XIMI€I0 y CTiHaX aKaJeMi4HUX HAayKO-
BHX 3aKJaJiB 3aiiMaTHcs Bke He BapTo. Haiikpari cuHTeTH4Hi OapBHUKHU 1 MOJTIMEpHI MaTepiany Ta iH. yxe
CTBOPEHO I TOMY HalTIEpCIIEKTUBHIIINM HAIIPSIMOM MOJABIIOr0 PO3BUTKY OPTaHIYHOI XiMii € acCHMETpHYHHHA
CHHTE3, SIKAH J1a€ 3MOT'Yy CTBOPIOBATH HOBI, YACTO aHAJOTIYHI IPUPOAHUM PEUOBMHH 3 AOOpHMHU OiONOridHO-
AKTUBHMMH Ta JIKyBaJbHUMHU BIaCTHBOCTSMHU. TOMYy s BBaXaro, IO XIMIKM-OpPraHiK{ Ha JaHOMY €Talli Ta B
MailOyTHROMY MaIOTh y CBOiX JOCIHIIKEHHSX, SIKOi O BOHM Tajy3i OpraHiuHOI XiMii HE CTOCYBaJHCA, 3aMiHIO-
BaTH, HANPUKIIA/, TPAJHIIIHI apOMATHYHI IUKIIIYHI CUCTEMHU — OCH30J1, TOIYOJI Ta IHIII Ha aHAJIOTIYHI IIHKITi-
YHI CUCTEMH NPUPOTHOTI0 MOXOIKEHHS, 30KpeMa Ha MOHOLYKpPH... Y BCIX BHIaJKax i JJikapcbki 3acoou, i BU-
COKOMOJIEKYJISIpHI CONMYKK Oynu O 3HaYHO MEHII MIKiJJIMBHMH 32 aHAJOTI4HI MPOAYKTH Ha OCHOBI apOMaTH-
YHHX BYIJIEBOIHIB HAQTOBOTrO Y BYTUILHOTO MOXOKEHHS. Taki po3yMy NPUBEIN MEHE 10 TOTO, 11100 HaIH-
catu cneuianbHy ctarTio — “LlykpH, >kupH Ta iX MOXiJAHI SK peareHTH AJs opraHiyHoro cunrtesy” (Kamanus u
negpmexumus, 2008, (16), 27 —37).

o me xotiB 3pobutH 1 He 3poduB? barato! Llkoxyto, mo 0OCTaBHHN 3MyCHJIM MEHE 3aKMHYTH XIMIIO iH-
OUTOiTHUX OapBHHKIB. Y XiMii Ta KonoinHii XiMii mosiaMQoniTiB 3pOOHB JNHUIIe MEPIIUH KPOK... XOTIB HaIH-
caTu CTaTTIO, a MOXeE, i KHUT'y, 60 MaTepiaiy 3 XiMii aMiHOLYKpiB aye Oarato. s nporo y:xe o3HaliOMUBCS
3 mpobsiemoro. OcBOiB KOMIT'IOTEp, AyKe “MiAirHaB” CBOIO AHTJIMCbKY MOBY Ta, HAHTOJOBHIIIE, HABUYMUBCS
opieHTyBaTHCA y XiMiuHiil acumerpii... He Branock, BuiimoB Ha neHcito. He Baanocst cTBOpuTH 1 HOBY Tajly3b
— KOJIOIIHY OpTaHivHy XiMIlo..., SIK, HAIPUKJIad, (i3HyHa OpraHiqHa XiMisl...

Sk Oyno HanmcaHo Ha nepcHi Haps ComoMona — “Bee munae”... Takoro BEIMKOro HEBAaxXH, CXUIBHOTO U
70 “co3maHus KOH(PIMKTHBIX CUTyaluid”’, XiMika cepeanboi pyku HOmis Tanuyka yxe Hemae. € mpecTapiinid
nencionep. € ATk aumioMi, 303 HaykoBi cTaTTi, € 71 aBTOpPCHKE CBIIOLTBO 1 1Ba yXe yKpaiHCHKi MaTeH-
TH... [IpamioBanu Komuch YOTHPU MPOMHUCIOBUX BHPOOHMILTBA — 1Ba B Pocii, i 7Ba B YKpaiHi... 3 BEIUKOIO
BIsuHICTIO 3ranayto akaaeMika AH YPCP ®enopa lanmnoBuya OB4apeHka, SKUH MiATPUMAaB MEHE MPH PO3-
poOui, s cka3aB O, TEPMOAMHAMIYHMX OCHOB TNPOLECY MILlEIOYTBOPEHHS Y BOAHUX PO3YMHAX KOJIOITHUX
ITAP. Bin nocnpuss ony6iaikyBanHio B “KonoimHomy xypHani” MOiX MepIINX CEMH CTaTeH, MPUCBSIUCHUX
OMY MUTaHHIO... BracHe, s 3aBKIW POOHB TUTHKH T€, IO XOTIB, 1 BBAXKAO 11 HAMOLIBIIUM IIACTAM IS J10-
CHITHHUKA...

JlokTop XiMiYHHX HayK, mpodecop FOmiit Tanuyk

Haoitiwna 0o pedaxyii 17.10.2014 p.
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ITPABWIA /111 ABTOPOB

B cOopHEK TpeICTaBISIOTCS TOMBKO HE OMyOIMKOBaH-
HBIC paHee W He NpeiHa3HaYeHHbIE Il OTHOBPEMEHHOM
MyONMKaI|y B IPYTHX M3AHMSAX Marepuanbl. Pemakims
MPUHUMAET 0030pbl; MAaTepUAIIbI, 00OOIIAIOIINE IKCIICPH-
MEHTAIBHBIE U TEOPETUUECKUE WCCIICIOBAHMS; CepHIHBIC
paboThL, OOBEIMHEHHBIC OOIIMM Ha3BaHWEM; PEICH3WY,
HUHPOPMALIMIO O KOH(EPEHIMX, CEMUHAPAX; KPaTKUe CO-
OOIIIeHUsI TT0 TIpo0JIeMaM KaTam3a U HePTEXUMUK, KOM-
MEPUECKYIO peKJIaMy HOBBIX TEXHOJIOTMI U MaTEpHAJIOB.

Penaxiwist nprHUMAET CTaTbU Ha YKPAUHCKOM, PYCCKOM
WM QHTITMHACKOM SI3bIKE.

Pykommcn, npezcraBisieMble B peIaKIUIO, TODKHBI OT-
BEYaTh CIICIYIOLIUM TPEOOBAHHSIM.

1. Pykormucn cratbu TOMKHA COAepKaTh HH(OpMAIIHIO
0 mecte paboTel (aapec, TenedoH, (akc, IEKTPOHHYIO
noytry) asrtopa(oB). CrTaTbl TOANMCHIBAIOTCA —AaBTO-
pom(amn).

2. Bee crathu, moctynmaronme B COOPHUK, JOKHBI
WMETh HamnpaBlicHUE OT YUPEKACHHS, B KOTOPOM BBITIOJ-
HeHa JlaHHas paboTa, ¥ YTBEP)KACHHOE B YCTAHOBICHHOM
TOPSIAKE SKCIIEPTHOE 3aKITI0UEHHE B ABYX SK3EMILISIPaXx.

3. Ilpennaraemsle 11 MyONMKaLMK MaTEpUAIIbl BKITIO-
YaroT TEKCT, CIMCOK UCHOIB30BaHHOM JIMTEPaTyphbl, pede-
paT (Ha YKpaHHCKOM, PYCCKOM U aHIJIMHCKOM SI3bIKaX, Ka-
KIBIT He Gonee /3 CTPAHMIIBI), TIPH HEOOXOIMMOCTH —
TaOJHULIBL, PUCYHKH, ITOATIMCH K PUCYHKaM. Bce MaTepranbl
TIPEJICTABIISIOTCS B PElakimio B 2 ak3eMruisapax. OOs3a-
TEIBHO HATMYHE 3JIEKTPOHHON BEPCUH.

4. OG30pbl HE AODKHBI TpEBBIATH 24, CTaTbu —
12+14, a xpatkuie cOOOIIEeHUS — 2+3 CTPaHUIIBI MAITHMHO-
MIMCHOT'O TEKCTA Yepe3 ABa MHTEPBAA.

5. Texcr cratbu nevaraercs Ha Gesoit Oymare ¢opmara
A4 c ucnione3oBanneM mpudra Times New Roman mwm
Arial B pegakrope Microsoft Word B hopmare (*.doc) nm
(*.rtf), kerb 12, 63 IEPEHOCOB, HA OJTHOM CTOPOHE JIUCTA
B OJMH cTONOel. B neBoM BepxHeM yIiTy IEpBOM CTpaHH-
1161 Tekera — uHaekc Y JIK.

6. Ueprexu 1 rpaduKy BBITOMHSIIOTCS B IpadMIecKoM
penakrope Microsoft Excel numu Origin 1 npeaocTaBisitoT-
cs B JIOCTYITHOM ISl penakTupoBanust popmare. KprBbie
Ha PUCYHKE HyMEpYIOTCSl KypCUBOM apabCcKuMH Hudpamu,
KOTOpbIe paci(pOBHIBAIOTCS B TOMIUCH K PUCYHKY.
W3o0pakeHne Ha PUCYHKE CTPYKTYPHBIX U ApYyrux op-
Myn HefmomycTiMo. CTpeNKy Ha KOHIIAX OCed KOOpIMHAT
HE CTaBsITCsl; JIMHUK, OTPaHUYMBAIOIIME TIONE PUCYHKA, HE
MPOBOZATCS, MacIITabHas ceTka He HaHocuTcs. Ha o0opo-
Te KayKIIOrO PHCYHKA YEPHBIM KapaHaIoM 0003Havaercs
BEpX PUCYHKa, (haMHIIHs TIEPBOTO aBTOpa U HOMEpP PUCYH-
ka. PucyHku HymepyroTcsi B IOpSAKE YIIOMUHAHUS B TEK-
cre. Ilommucn K puUCyHKaM II€YaTaroTCs Ha OTIEIBHOU
cTpaHuie. MecTo pUCYHKOB B TEKCTE YKa3bIBAa€TCS Ha Jie-
BOM I1OJIE PYKOITHCH.

7. TaOnuiipl meyaTaroTcsl Ha OTAEIBHBIX JIMCTAX U pac-
ToJIaratoTcsl Mocie MEpBOro yNoMHUHAHMS B Tekcre. Tao-
JIALIBI IOJKHBI KIMETh Ha3BaHUe, Kakaast rpada Ta0nibl —

TIO13aTOJIOBOK, OMPENENSIIONINN cofepKaHne rpadpbl.

8. CuMBOITBI THITA Sin, max, exp, log, lim, 0 (HyIb), Ha3BaHwst
XUMHYCCKUX DJICMCHTOB Ha6I/IpaIOTCH IpsAMO, a HEC KypCHBOM.
Bce xummueckre gopmyisl Beimonastoress B ChemDraw
um ISIS/Draw, marematnueckue — B Microsoft Equation u
MPEAOCTABISIIOTC B (hopMare, JOCTYITHOM ISl PEaKTH-
pOBaHMs.

9. Pa3mepHOCTH BEMMYMH NPEANIOYTUTENHHO YKa3bIBa-
10TCs B MeXIyHaponHol cucreme CU.

10. Hymepyrorcst TOIBKO T CXEMBI, (POPMYJIBI, ypaB-
HEHWs], Ha KOTOPBIE IMEIOTCSI CCBUTKH B TEKCTE.

11. Cnucok HCIIONB30BAaHHON JUTEPATyphl O(opmIIs-
eTcsl Ha OTJCIBHOM JIUCTE B TIOPS/IKE YIIOMUHAHHS, CChUI-
KH B TEKCTE BBIMOJIHSIOTCS L(paMu B KBaJPaTHBIX CKOO-
Kax. B ccpiKax yKa3bIBatoTCsl BCE aBTOPBL.

12. O6pasil ohopMITEHHST CIIMCKA KCTIONH30BAHHON

JIUTEPATyPBL

Kuurn, moHorpagum:
1. UBanos W.I1., Hazsanue xnueu, Kues, Hayk. qymka,
1993.

CTaThH B XKypHaJie, COOPHUKE, KHUTE:

1. UBanos WL.IL, XKypn. dus. xum., 1993, 58 (1), 120—
122.

2. WsanoB W.IL., Kamamws u wegpmexumus, 1993, (1),
32-34.

3. UsanoB W.IL., Hazsanue xnueu, Mocksa, Mup, 1970,
153-156.

4. VanoB W.IL., Hazseanue coopruxa, Tes. 0oxn. medic-
OyHap. KoH., ApxaHrenbek, 1992, 85.

Hucceprarmu:
1. UBanos W.IL, /uc. ... kano. xum. nayx, Kues, 1993.

ITatenTsI:
1. ABTOpsL, Pat. 157643 USA, Publ. 03.02.87.
2. Asropsl, Pat. 157643 USA, Chem. Abstr., 1977,
2860, 27.

JlernonrpoBaHHbIE PYKOITUCH:
1. Usanos W.IL., Hazeanue cmamwvu, Jen. BUHATU
Ne 5910-B88, Kues, 1988. (P2KMar, 1988, 11549).

13. Pykormicy, B KOTOPBIX HE COOIO/ICHBI TPUBEIICH-
HBIC TIPaBWJIA, BO3BPAIIAIOTCS aBTOpaM 0e3 PacCMOTPEHUS
TIO CYIIIECTBY.

14. B cimy4ae mpeacTaBieHus B pEaKIMIO ABYX U 0o-
Jiee craTteil OJHOBPEMEHHO aBTOPOM YKa3bIBACTCS Keja-
TEITHHBIN MOPSIOK UX ITYOTMKAIIHH.

15. Bee craThy 00s3aTeIIbHO PEIICH3UPYIOTCS BEITYIIH-
MH CIICIUAIMCTAMH B OOJIACTH KaTann3a U HO(PTEXHMHUHU.
OTBersl aBTOPOB HA 3aMEYaHMS COITIACOBBIBAIOTCS PellaK-
LMel ¢ pelieH3eHTaMH U Hay4dHbIM pefakropoM. OKoHYa-
TEIBHOE PEIICHUE O MyOIMKAIMK TPHHUMACT PEIIKOILIe-
rusi cOopHuKa. [Ipy OTKIOHEHHM CTaThU PENAKIMs BO3-
BpaIllacT aBTOPY OIMH AK3EMIUISIp pyKomucu. BepcTka aB-
TOpaM HE BBICHUIACTCSL
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