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Arctium lappa eciMmgiriHiH, CnUpTTi...

3-ce30a. Arctium lappa xemicinig 40 % STHI CIUPTIHAETI epPITIHAICIHIH XpOMaTOTpaMMachl

Arctium lappa xemicinin 40 % >Tun cnupTiHAeri epiTiHaiciHae 81 KOChUIBIC Oap eKSHIITT aHBIKTAJIbI.
Bys1 KochbUTbICTApAbIH 1IIIHEH HETI31 KYphIAMaraH jkaHa KOChUIBICTap TaObUIABL. benriii 0osiraH KOChUIBIC TEK
JKOFaphl aJIKaH — JIOJICKaH.

4-xecTe
Arctium lappa xemicinin 40 % 3Tia cnupTingeri epiTiHAiciHiH KypaMbIHAAFbI
Keli0ip KochLIbICTAPABIH MOIIIEPi
. Tk, | Memmepi,

No - % KocbuisicTap Mo M, r/™Monb
1 | 4,256 4,32 Dodecane

2 | 4,330 4,55 Dodecane

3| 7,128 1,69 Dodecane

4 110,035| 3,23 |Dodecane Ciats 170,33

5 110,167 2,64 Dodecane

6 | 11,895 3,84 Dodecane

3epTTey HOTHXKENepiHeH Arctium lappa eciMAiTiHIH x)ep ycTi OemiriniH 40 % STHI COIUPTIHIETI epiTiH-
Jinepinae Mai KplIKbUTIAPHI, d3QHUP Malnapbl, aTKaIOUITApP JKOHE MUPAHIbI KOCBIIBICTAPIBIH KOT OONaThIH-
IIBIFBIH KOPIIK.

4-cw130a. Arctium lappa xansiparbiHbIH 90 % 3THII CIMPTIHAETI ePITIHAICIHIE XpOMaTOrpaMMachl

Arctium lappa xanbiparbiHbiH 90 % 3TUI CIUPTIHJETI epiTiHICiHAE 78 KOCBUIBIC 0ap €KCHIIT1 aHBIK-
TaJbl. S5-I KeCTe/le €H Kol Meep/ie O0aThIH KOCBUIBICTAp KOPCETIITeH.
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5-kecTe
Arctium lappa xanbiparbIHbIH 90 % 3THJ cnupTinaeri epiTinaiciHin KypaMbIHAAFbI
Kel0ip KochLIbICTAPABIH MOIIIEPi
Ne J§; Men(;.lepl’ KochinbicTap Md M, r/monb
2-Chloromethyl-5-phenyl-1,3,4-oxadiazole CyH,CIN,O 194,618
1 | 2,340 5,51 Sulfone, methyl phenyl C-H.O-S 156,202
Sulfone, methyl phenyl T
Ethane, 1,1-diethoxy- CH.O 118,174
2 | 3,576 3,04 |Ethane, 1,1-diethoxy- 677142
Carbamic acid, ethyl-, methyl ester C,HoNO, 103,119
3-Heptadecene, (Z)- C7Hs, 238,451
3 110,671 2,48 3 (2H)-Furanone, dihydro-5-isopropyl- C;H,,0, 128,168
8-Heptadecene C7Hs4 238,45
Phytol 296
4 110,929 53,43 | Phytol CyoHy4O
Phytol
Cyclohexane, 2-propenyl- CoHjs 124,223
5 | 11,581 8,14 Cyclohexane, 1,1-(1,4-butanediyl)bis- C,6Hszo 222,409
9-Nonadecene C9Hss 266,505

Abundance

20000|

80000

70000|

B00C0|

S0000|

40000 |

30000/

20000

TIC: ZHTS-90.Chdata.ms

5-cw136a. Arctium lappa cadarsaeiH 90 % >THI CIUPTIHACT] ePITIHAICIHIH XpOMaTOrpaMMachl

Arctium lappa cabarsiabIH 90 % STHI criupTiHgeri epitiHaiciage 210 KoChUIbIC 0ap eKSHIIITT aHBIKTAN-
IIBI. 6-TITBI KECTEIE €H KOIT MOJIIIepIe 00IaThIH KOCEUTRICTap KOPCETIITEH.

6-xecTe
Arctium lappa cabarbIHbIH 90 % 3THJI cIUPTiHAer] epiTiHAICIHIH KypaMbIHAAFbI
Kel0ip KochLIbICTAPABIH MOIIIEPi
No JP’;{ Men(;ouepl, KocbuisicTap Mo M, r/monb
1 2 3 4 5 6
2(1H)-Naphthalenone, 4a,5,6,7,8,8a-hexahydro-7a-
1| 2348 931 isopropyl-4af, 8ap-
? ’ Acetic acid, trifluoro-, 4-nitrophenyl! ester CgH,F;NO, 235,1169
Cyclododecane, ethyl- C4Hyg 196
Hexane
2 | 2,657 5,19  |Hexane CeHig 86
Hexane, 3-ethyl-4-methyl- CoHyy 128,2551
Formamide, N,N-dimethyl-
3 | 3,584 9,69 N-Ethyl formamide C;H;NO 73,0938
Formamide, N,N-dimethyl-

14 BecTHuk KaparaHgmHckoro yHusepcurteTa



Arctium lappa eciMmgiriHiH, CnUpTTi...

6-KeCTEeHIH )XaJarachl

1 2 3 4 5 6
Hexadecane
4 11,114 6,60 Hexadecane Ci3Hz, 226,44
Hexadecane
1H-Benzimidazole, 1-methyl-5-nitro CgH-N50, 177,162
5 11,692 12,27 | Undecane CHoy 156,31
1-Naphthalenamine, 4-chloro- C,oH3CIN 177,6302
Abundance. TIC: ZHTT-20.Ddata.ms
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6-ce130a. Arctium lappa xemicirig 90 % 3THI cIUPTIHAETI epITIHAICIHIH XpOMaTOTpaMMachl

Arctium lappa xemicirig 90 % >Tun ciupTigmeri epitiHaicinae 229 KOChUTbIC 0ap €KEHITT aHBIKTAJJIbI.

7-111 KecTene eH Ko MeJIIIepAe Ke3eCeTiH KOChIIBICTap KOPCETUITCH.

7-xecTe
Arctium lappa xemicinin 90 % 3THa cnupTingeri epiTiHAiciHiH KypaMbIHAAFbI
Kel0ip KochLIbICTAPABIH MOIIIEPi
Ne JP’;{ Men(;ouepl, KocsusicTap MO M, r/monb
Cyclooctyne CgHi, 108,180
1| 2,177 3,46 Preg-4-en-3-one, 17a-hydroxy-17p-cyano- C,0H27NO, 313,433
5,7-Dodecadiyn-1,12-diol C,H 50, 194,273
Benzenesulfonic acid, 4-methyl- C;HgO;S 172,202
2 | 2,343 16,53 |Imidazole, 4-[N-[4-methylphenyl] amino]-
4-Nitrophenantrene
Hexane
3 ] 2,658 3,80 Hexane CeH4 86,45
Hexane
Ethyl acetate
4 | 2,761 6,00 Ethyl acetate C,4HgO, 88,11
Ethyl acetate
Formamide, N,N-dimethyl-
5 1 3,579 9,52 Formamide, N,N-dimethyl- C;H,NO 73,093
Formamide, N,N-dimethyl-

Arctium lappa eciMairinig xxep ycri 6emirinig 90 % 3Twi cnupTiHAET] epiTiHaIepiHae UTO, aaKalo-
UATap, Mail KbIIIKBUIAAPHI KoHE (U MaiapbIHBIH KOIT O0MaTHIHIBIFBl aHBIKTAJIBL.

Kopuvimuinowi

EMmnix npodurakTukanslK eHIMACP Aaspiiaymarkl OoJaIiarkl 30p IMUKI3aTTRIH Oipi — Arctium lappa
eciMairi. Arctium lappa xep ycri Oeiri OMONOTHSITBIK OCJICSH I 3aTTapAblH MOJI KOPBI OOJIBIT TaOBLIATHIH-
IIBIFBI 3ePTTEYJICP HOTHXKECIHIE aHbIKTaNabl. OHBIH KYpaMbIHIA ocipece KieTdaTka, moJndeHonaap, uieril
3arTap, 0eNoK, (PeHON KhIIIKBIIIAPhI KOI Meuiep e 0oabl.
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Ia3ner xpomarorpadus sxpicimen Arctium lappa xep ycti OeniriHig (Kamsipak, cadak, kemic) ap Typii
KOHIICHTPAIMSIBI STWJI CIIUPTIHIH KYPaMBIHIAFbl KOMIIOHEHTTEP aHBIKTAJIIBI.

JKyprizinreH 3epTreynepai HOTHKECIHAEC KopceTumreHaeH, Arctium lappa xep ycti 6emirinig 40 xoHe
90 % »Tui cOMPTIHAETI epiTiHAINEpiHiH KypaMblHAa Mail KBIIKBUIAAPHL, 3QUp Maliapsl, alnkaJouaTap, Mmu-
paHAbI KOCBUIBICTAP JKOHE (PHUTOI KOl Meulmepae 0oa sl

JKameipareiaeig 90 % >Tri cOUpTIHAETI ePITIHAICIHIH KypaMbIH/IA €H KT MeJIIepae Ke3aeceTiH KOChI-
asic — ¢uron (53,43 %) Gonapl. duton — Oip aTOMABI KaHBIKIaFaH JUTEPIEHAl cnupT. Taburarra KeH Ta-
panran. On xnopodunn, E xxone K1 nopymennepinin KypaMbiHIa Oomabl.

CoHFBI METUITMHAIIBIK CTaTUCTHKA JIEpEKTepiHe cyiieHcek, 18—45 xac apansirpiaaars! oiiennepaiy 80 %
MacTonaTus aypyJapbslHaH 3apian mereni ekeH. Kasipri Tanma mactonatust aypyJlapblH eMIeyAe KOJITaHbl-
JaThIH OipAeH-0ip TanTHPMaUTHIH OHIM (UTON OONBIN TaObLIa kL.

Anpmarsl MakcaT — Kasakcranna eceTiH mspinmik ecimaix Arctium lappa xxansiparbiHbH 90 % 3THn
CIIUPTIHAETI epiTiHAICIHEH GUTOIABI OOy MIH THIM/II KOJAAPEIH KAPacThIPY KOHE TEXHOJIOTHSIIBIK 9IiCTEMe-
CiH Kacay.
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JK.T.banrabaera, I'.E.A3umbaeBa, b.M.bytun

Onpenenenne XMMMYECKOT0 COCTABA CIMPTOBBIX IKCTPAKTOB
pacrenust Arctium lappa razoo-xpomartorpagpuuecKkum MeTo10M

Omnpeneneno coxepxkanue BAB B Hag3zemHOW uyacTu (JIMCThS, BETKH, ATOJBI) JIEKAPCTBEHHOTO PACTEHUS
Arctium lappa, xotopoe mpouspactaeT B Kaszaxcrane. B ero cocraBe HaiineHo Ooiblnoe conepxaHue
IyOWIBHBIX BEINECTB, MOIH(EHOIOB, KIeTUYaTKu M OenkoB. B nampHeimeM ra3oBo-xpoMarorpaduieckum
METOJIOM, C HCIOJIBE30BaHUEM XpoMaro-mace crekrpomerpa Agilent 7890A/5975C, onpeneneHo comepxaHue
xumudeckux BemiecTs B 40 1 90 % cnupToBbIX skcTpakTax. B coctaBe 90 % crnupTOBOro 3KCTpakTa JIUCTHEB
B OOJIBIIOM KOJMYECTBE COAEPKUTCS HENpeNeNbHBIN TUTePIeHOBBIH ciiupT — ¢utoin, a B cocrase 40 %
CMHPTOBOTO SKCTPAKTA BETOK PAaCTEHUs] 0OHAPYKEHO OOJIBIIOE COAEPKAHNE MACTAHON KUCIIOTHI.

Zh.T.Baltabayeva, G.Ye.Azimbayeva, B.M.Butin

Determination of the chemical composition of alcoholic extracts
of Arctium lappa by gas-chromatographic method

It was determined the content of active substances in the above-ground parts (leaves, twigs, berries) of medic-
inal plant Arctium lappa, growing in Kazakhstan. A large amount of tannins, polyphenols, fiber and proteins
were found. Chemical content of 40 % and 90 % alcohol extracts was determined by gas-chromatographic
method, using gas chromatography-mass spectrometer Agilent 7890A/5975C. A large amount of the unsatu-
rated diterpene alcohol phytol was found in a 90 % alcoholic extract of the leaves. A high amount of oleic ac-
id was found in a 40 % alcoholic extract of plant twigs.
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MeTajagapablH SKCTPAKIUSVIAHYbIHA KbIIIKbLLIAPABIH
TA0MFATHI ME€H KOHLIEHTPANUAJIAPBIHBIH dcepi

MuHepaIbIK KbILIKBLUIIAPIbIH KaThICBIHIA METAIAap/ bl aMUHICPMEH SKCTPaKUUsIIAy YpIici sKyprizinai xo-
HE OFaH KpILIKbUIIAPAbIH TaOUFaThl MCH KOHICHTPALMSIAPBIHBIH ocepi 3epTTeii. DKCTpakuusiay ypaici
AHHOHJAp ajJMacy MeXaHW3Mi OOMBIHIIA KYPETiHI aHBIKTaNIbl. DKCTPaKIUsIaHy KYKIPT KbIIIKbUIBIHAH TY3
KBIIIKBUIBIHA JKOHE COHBIHAH A30T KBILIKbIIbIHA KOLIKEH e HAallapIalThIHbI TaObUIABI. MUHEpanIbl KbIIIKbLIT
KOHLICHTPALWSICBIHBIH apTybl CyJIbl (a3aza METaIgblH IKCTPAKIHSUIAHYbIHA KATBICATBIH CYTEK KaTHOHIAPHI-
HBIH KYpaMbl apTybIMEeH 1JIeCeTiHi, SFHM MeTalIIapiblH Tapaly kod((HUUMEeHTiIHIH ecyiHe OeHimaeiTiHi,
QHBIKTAJIIBI.

Kinmmi ce30ep: MeTanmappl 3KCTPpaKIUIAY, aHUOHIAP aIMAacybl, MHHEPAIIbl KBIIKBUIIAP, Tapalry Kodg-
(bureHTi, HeTi3/1iK KachueTTepi.

FrutbiMu oiebuerTep/ie ®OoFaprbl aJKHIIAMHHICP/IIH KOFAPFbI aJKIITATOTCHUITEPIH aMMHAKIIEH ope-
KeTTeCyl apKbUIBI aJIBIHYBI Typajibl Oipkarap >kymbictap Oap [1]. bipak Oyn xarmaiinapna peakuust GipiHii-
JIK, eKIHIIUTIK, YOTIHOTUTIK aMHHISPAIH KOHE TOPTIHIIUIIK aMMOHUN TY3IaphIHBIH KOCIIACHl TY31LTyIMEH XKY-
peni. XKoraprpl alKHJIaMUAHAEP/I Maiibl KbIIIKBIIIAP/IBIH aMMOHOJN31 KOHE COHBIHAH JKOFAPFBI KBIIKbLI-
JapJbIH HUTPWIJIEPIH KaTalu3aTOPJIap.IbH KATHICHIH/IA TOTHIKCHI3NAHABIPY apKBUIBI ally YP/iCi KOTCaThUIbI
JKOHE SHEPTHUSHBI KOII TaJIall €Te]li, COHBIMEH KaTap >KOFapFbl KapOOH KBIMIKBUIAPBIHBIH KETICTICYIILUTIT] OyIT
OIICTI KeHIHEeH KOJTaHyFa MYMKIHIIK OepMeHn/Ii.

OpranukaiblK eHIMICpAl aJbTePHATUBAIBIK CHHTE3/ICY CajlaChIHAAFbl 3epTTEyJiep COHFBUIAPABI Kapa-
naibIM KOJDKeTiMA1 OacTankpl 3aTTapAaH anyra OarbiTranFal [2]. Herisri mmkizat ke3aepi periHne MyHau-
JIbIH KOMIPCYTEKTEepi, HAKThLUIAIl aiTKaH/a, ojeduHaep xoHe xannsl Gopmynanapsl C,H,, xxone C,H,,» Ka-
HBIKIIAFaH KOMIpCyTeKTep KapacTeipbuirad. OneduHaep Oactankbl MIHKI3aTTa JKOK, OipaK ojap aimay, Kpe-
KHUHT YpAicTepiH KoMOMHaLusIay HOTHKECIHAE allbIHYbl MYMKiH. Byl keMipcyTekTep eTe ap3aH jkoHe KOJI-
JKETIMII, COJI ceOenTepaeH ap TYPJIi CHHTE3AEP e IIHMKI3aT PETiHIe MaHbI3bI OOJIBI Ta0bLIAIbI.

Opra"uKanblK CYWBUITKBIIIITAp/Ia €PITUINeH aMUH MEH KBITITKBUIIBIH CYJIBI €PITIHAICI apachIHIaFbl peak-
LUSHBIH KapanaiibiM OciiHeneHyi TOMEH Ie KOPCETLITeH:

RHZNopr. + I‘I3OJr > 1{1\IH3Jr + HzO

byn eTe KapamaiibIM TEHIICY aMHHICPMEH dKCTPAKIFSUIAyAa 17IECETiH OapibIK Kypaei KyObUTRICTap bl
TYCIHyTe MYMKIHIK OepMeiii, 6ipak o1 peaKIUsSHBIH KBIIKbUIIBIK-HET13/IK TAOUFAThIH aHBIKTAIl, 3ePTTCY-
JIepAiH AypbIc OacTanKel HYKTeci O0IbIn Ta0biIa pl. AMUH IPOTOHIB! CyJaH Kepi KYIITipeK OaiIaHbICThIpa-
ITbI, OCBI JKaFIald SKCTPAKIIUSHBIH HET13T1 JKBUDKBITATHIH KYIIT OOJBITT TaObLTaIb.

Bipak op Typii KeIIKBLIAAPIBIH OO abIHYyEl Oipaeh eMec, sSIFHA SKCTPaKIUs aHUOHHBIH TaOUFaThIHA
na Toyenai Oonmanbl. DKCTpakuus Oipaei Menmiepae aMMOHUN KOMIUIEKCTEpPiHiH TaOUFaThIHA JKOHE CYHBIIT-
KBIIITHIH TaOWFaTbiHa Toyenai Oomansl. CYWBITEUIFAH EPIiTIHIAUIepAS, TUAIESKTPIIK OTKI3TIMITIIT TOMEH 9IeT-
TeT1 CYHBIITKBIITApAA, TY3 HOHIBIK KVIITap TYPiHAE 00JIaabl, HOTH)KECIH/IE JKOFaphina KOPCETUITeH TCHILY-
IIiH TYp1 TOMEHIeT11el O0abl:

RH,N, + H;0" + X > RNH;" + X'y, + H,O

WNoHnapapiH acconuanusuiaHybl Ta3a 3JIeKTPOCTATUKANBIK YPIICKe KaTIalIbl, Oipak aMMOHWH KaTHOHEI
MCH aHWOH apachlHIa 9JICi3 CYTEeKTIK OaiylaHbIC Ty3imyiHe okeneyli MyMKiH. COHFBI OpEKETTeCY, aHHOH KIIITi
KOHE OHBIH HETi3Ziri >Korapbl OOJFaH cailblH KyWTipek Oomansl. bipak skcTpakumsiaaHy AeHredi Kapama-
Kapcel TeHAeHIMs kepceteai, Mbicanbl, CI < Br <1 < ClO, . OHbl HOHIAPIbIH OPraHUKAJIBIK €MEC, CYJIbI
(hazama opekeTTecyiMeH TYCIHIIpyTe 00JIanl )KOHE OCHI YKaFIai KOpCeTUITeH Katapapl aHbIKTauael. Cy aHu-
OHJapAbI COJIBBATTANTHIH €H KOJIAMIIBI peareHT OOJFaHABIKTaH, MOHAAPABI Oelin ally peTi ruaparanusiiaHy-
IIbIH 6CY PeTiHe Kapchl O0mabl.
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OpranukanslK (azaga opeKeTTeCYIEpAiH aXbIPAaThUIYbl OCHl KBILIKBUIABIH op TYPJI >Kardaiiapaa
SKCTPaKISUIAaHYBIH KapacThIpraHa Kepineai. KapanaibiM KpIIIKBULIAP YIIIH aMHHACPMEH KCTPAKIHSIAHY
peTi Keneci Typae KopiHepaik 00iambl: OIpIHIILIIK > eKIHIIUTIK > YrmHmUTiK. O aMMOHUUIET1 CyTeK aTOM-
JapblHa aHUOHIAPABIH KaKbIHAAaybIHA KCHICTIKTIK KE€AEPTi TYFbI3aThIH aJKHJI TONTAPBIHBIH KOOCIOIMEH KoHE
COHBIMEH KaTap a30T OOMBIHIA OPEKETTECETIH CYTEeK aTOMIAPBIHBIH CaHbI a3al0bIMEH TYCiHIipiteni. Karnon-
IIBI-AHUOHIBI OPEKETTECY €Ki ceOeNTEepICH JIe JJICI3ACHE NI, HOTIKECIH e dKCTpakus Hamapiaiael. Con ce-
OenTepaeH OipiHIIUIIK aMUHACPACH EKIHIIUTIKTEpre, YIIHIIUIIKTEpre >KoHE api Kapall TOPTIHIIIIK aMMo-
HUH TY3lapblHa KOILIKEH]IE CEIEeKTUBTITIHIH apTyblH KyTyre Oomaapl. KaTHOH MeH aHMOH apachlHIAFBI dpe-
KeTTecy JKapThUIai, oNap/ bl aHHOHAPEI CYIbI (a3ajia THIPUTANNSIIAHYBIMEH aHBIKTANATHIH, KBIIIKbUIIAP-
IeIH OeITliHy JeHTreliMeH kaobuanpl. OChl ceOenTeH THApaTAFUIaHYIBIH dCepi €H JKOFaphl IEeHTeine Top-
TIHIIUTIK aMMOHMH HETI3[EpiHiH TY3JapbIMEH JKCTpakuusiaraHga OaliKanaabl, CEJIEKTUBTUIIK OipiHIIUIIK
aMHHJICPMCEH 3KCTPaKIMsIaFaHa MUHIMAIJIBI OO IbI.

Mertannapasl aMUHIIEpMEH DKCTPaKIMsIAyIbl 013 MUHEPAIIBIK KBIIIKBULIAPIBIH KAThICHIHIA XKYPIi3-
nik. bi3 KplmKbeUTIapABIH TabuFaThl MEH KOHLEHTpaUMsIapbIHBIH ocepiH 3eprrenik. Penunit (VII) cynsr epi-
Tinainepae kymri keimkera HReO, colikec xenetin ReO4 anmonsl Typinzae 6omansl. byn Kelmken Oeira-
pam SKCTpareHTTepMEH SKCTpakipsuianansl. OHJal SKCTpareHTTepre aMHUHJIEp KaTalbl, dKCTPAKIMIIaHy
AHMOHJIAp aJMacy MexaHu3Mi OOMbIHIIA icKe acaipl. 3epTTeyNepaiH HoTHKenepi opOip KbILIKbIIIAPABIH 06-
JIT aJIBIHYBI CYJIBI €PITIHIAC Oap eKIiHII KhIIIKBUIIBIH KOHIICHTPAUACH apTKaH/1a TOMEHICH/Ti IeTeH Oeri-
JIi KaFuJaHel monennaeni. Ty3mapaan 6acka aHHOHIAPAB! BIFBICTBHIPY KabiteTi OOMBIHITIA 3epTTEITEH aHUOH-
Jap, coKec KhIIKbULIAP/BIH aMUHICPMEH OceiTapanTaHy peakUsUIapbIHBIH HOTWKECIHIE TY3IITeH KOCHI-
JIBICTapBIHBIH TYPAKTBUIBIFBIHA COHKEC, Keneci Karapra opHanacansl: ReO, > ClO, >1 >Br >CI.

OnebueTTep e Keibip KeIIKbUIAAPALIH AMIHACPMEH dKCTPAKIMSUIAHYBI TYPaJTbl MOJIIMETTEP Oap JKoHe
013 me OyphIH OCBHIHIAW 3epTTeynep >Kyprizrenois [3]. Kymri KeIUKeUIAap ©3AepiHiH TY3IaphIMEH QJICi3
KBILIKbUIAAPFa KapaFaHja Hamapiay Oeiim ansiHaabl. KelIKbUIABIH KYIIi apTKaH CailblH aHHOHIAPABIH CY-
TEK HOHIAPBIMEH IUCCOLMAIMIIAHOANTHIH KOCBUIBICTAp TY3Y KaOieTi TeMEHAEHTIH OOJFaHIBIKTaH, Oy
3aHbl. COHIBIKTaH KBIIKBULIBIH KYIIl apTKaH caifblH, Oip jKaFbIHAH, SKCTPAKIUSIIAHATBIH KOCHLTBICTBIH KY-
pamMblHA KipETiH KBIIKBUIIBIH JUCCOIHAIUSIIAHOANTHIH MOJISKYIaTapbIHBIH TY31Tyl KUbIHIaWabl. ExiHrm
KaFbIHaH, aMHMH TY3bIHBIH KypaMblHa KipeTiH KbIIIKbUIAap aHUOHAAPBIHBIH KOCBUIATHIH KBIIIKBUIAAP MOJIe-
KyJaChIMEH CYTEKTIK OalaHbpICTap TY3Yl A€ KABIHIAUIBI.

KpIkpuaapasie 60¢ aHHOHIAPBIHBIH MPOTOHAAP/IBI KOCKIIT aJbI JUCCOIMAIUUIAHOANTBIH MOJIEKYJIa-
Jap Ty3y KaOineTi, COHBIMEH Karap Ty3Aap KypaMblHa KipeTiH KBIIIKbUI aHUOHAAPBIHBIH KHIIIKBUIAAPIBIH
TUCCOIHALMSIAHOAUTRIH MOJICKYJIAIaphIMEH CYTEKTIK OalIaHbICTap Ty3y KaOileTi OChl aHHOHIAP/bIH HYK-
neopuInuTiriMeH anbIkTanaabl. COHABIKTaH OCHI KBIIIKBUIIAP aHUOHIAPBIHBIH HYKJICO(IIIIUTITIH CHITaTTal-
THIH O€Nriii mapameTpriepi OOWBIHIIA KBIIKBUIIIAPABIH aMUHACP TY3IapbIMEH 3KCTPAaKUUsIaHy KOHCTAHTa-
JIApBIHBIH KOPPENSIHUACHIH KYTyre Oonaapl. Oneduerre Oenriai H. DaBapacTsiy HyKIeoMIBAUTIK MapaMeT-
PIH KOJIIAHBII, €Ki HeTi3al KBIIKbUIAAp aHHOHAApbIHa, Oip HEeTi3l KBIKBUIIApMEeH opTak 1gKi,, MoHIHIH
HaKTBI CHI3BIKTHI KOPPEISAIUICHIH KYTy KUbIH. COFaH KapaMacTaH, CyJIb(aT HOHBIHBIH CAJBICTBIPMAITBI KOFa-
pol H canbl cananblk KYKipT KBIIIKBUIBIHBIH aMUH CyJb(aTeIMEH 06JIiN albIHy jKOFaphbl OCHiMIUTIrIMEH Kei-
cenl.

KpIKpuaapasl aMuHIep TY31aphIMEH KOCBUTY PEaKIUsChl OOWBIHINA DKCTPAKIMSIAY, aHUOHIBI KOM-
TUIEKCTEpAl HEMece MeTalaap TY3IapbIHBIH OeHTapam MoJeKynalapblH Oeinm aly YLIiH KaThICyFa KaxKerT,
TY3/bIH aHUOHBIH OalmaHBICTBIpYFa okesendi. COHBIH calapblHaH KHIIKBLI SKCTPaKLHUAJIAHYBIHBIH apTybl
epiTiHaiIepaeH 0acka KOMIUIEKCTEPIl SKCTpaKIusIayra Tepic acep eremi. Temenae 1-cyperre amMmuHHIH 00C
TY3BIHBIH KOHLIEHTPALMACH, CyJbl (ha3ana KpIIIKbUIAAP KOHIEHTPALMACHIHBIH apTybl HOTHKECIHAE ONapIbIH
SKCTpaKLMsUIaHybl TOMEHICHTIHI KOPCETIIIeH.

Bbynt MonmiMeTTepIeH 9KCTpaKIUsUIaHATHIH KBIIKBULIAPIBIH 09ceKenecyi oap IblH aHHOHIAPbIHBIH HYK-
JIco ML J)KOoFapblUlaFraH CalblH KYIITipeK OonaThiHbl Oenrim. COHIBIKTaH METalaap TY3dapblH HYKIIEO-
¢unainiri sxorapet (H > 2) annongape! Oap KbpIIKBUIAAP EPiTIHALICPIHEH COHFBUIAPABIH TEK TOMEH KOHIICH-
TparnusIapbIHaa, OV KBIIITKBUIIAp aMUH TY3BIHBIH YJIKEH OOJIITiH 9JIi CaabICTRIPMAITEI a3 OailTaHBICTRIpFaH/Ia
THIMJII JXYPYyl MYMKiH. BYJI CypeTTeH KYKipT KBIIKBIIBI aMHH TY3BIHBIH YJIKECH OOIriH KBIITKBUIABIFR 1 H.
XKyBIK OonFanaa OaiimaHbIcThIpaThIHbl KopiHin Typ. Hykneopunsainiri temen (H < 1) annongapsr Oap KpIi-
KBUIAAp epITIHAIEpIHEH MeTajIap TY3AapblH CYJIbl (pa3aHbIH CalbICTHIPMAaJIbl XKOFAPHl KBIIIKBUIIBIFBIHAA 12
Kyprizyre 6omanpl, cebe0i MyHail KBIIKBUIAAPIBIH KCTPAreHT-aMIH TY3BI VIITiH 09CEeKenecyl CaabICThIp-
Masbl ToMeH. AMHUHICP TY3AapbIHBIH KBILIKbUIAapDMEH OalNIaHBICYBIH €celke aly MeTanjiap TY3dapblHbIH
aMHUHJEp TY3IapbIMEH SKCTPaKUMUIaHYABIH CaHABIK 3aHIBUIBIKTAPBIH TYCIHIIpYAE MaHbI3/Abl OOJBII Ta0bI-
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naapl. KelIKeUAap 3KCTpaKIUsIaHYBIHBIH 3aHIBUTBIKTAPBIH YPHIC TYCIHY METANAp TY3AaphIHBIH PEaKIIUs-
JIApBIH AYPBIC TYCIHYIIH HeTi3i 60manbl. KelIKpIImap 3KCTPAKIUIIAHYBl TYPaTbl MOJIIMETTEPIIH KETICIEeY-
IIUTITT MeTaaaap TY3MapBIHBIH JKCTPAKIMIAHY MEXaHH3MI Typajibl KaTe KOPBITBIHABUIAD jKacayFa OKelyi
MYMKiH. MBIcaibl, COHFBI JKbIIIapFa IeiiH KehOip >KyMbIcTapAa KYKipTKBIILIKBUIABI epiTiHALIEpACH MeTall-
JapIbl SKCTPAKIMSIAY PEaKIUsIapbIHBIH CTEXHOMETPHUACH KaTte KepceTinreH, cedeodi [(amua-H),SO4), Ky-
KIpT KBIIIKBUTBIMEH SKCTPaKIHsIIayia ECelKe allbIHOaFaH.
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1 — amuna-HCl; 2 — amun-HNOs; 3 — (amuna-H),SO,

1-cypeT. AMHH Ty3bI KOHIICHTPAIUACBIHBIH OPTaHUKANIBIK (pa3ana
MUHEPAIIBI KBIITKBLUT KOHIICHTPAIUACBIHAH TOYEI LI

JKorapbiza kepceTinrenre OalIaHBICTE CUHTE3CITCH an(aTThl aMUHIEPIIH SKCTPAKIUUIIBIK Kabie-
TiH PEHUITE KaThICThI KYKIPTKBIIIKBUIABI, TY3KBIIIKBUIIBI )KOHE a30TKBIIKBUIBI ePITIHAICPIACH KYPTi3liK.
Penwmiinin (VII) Tapamy ko3pdUIIMEHTIHIH KOPCETUINeH KBIKBUIAAPIBIH TAOUFATHl MEH KOHIICHTPAITHSIIAPHI-
HaH TOYENIUIIT] 3epTTeNi. 2-cypeTTe aaudaTThl OIpiHITUTIK aMIHIAESPMEH dKCTPAKITUIIAYAaFbl PSHUHIIH Ta-
pany koaddummentiniy (Dg.) MHHEpangbl KbIIKbUIIAPABIH KBIIKBUIABIFEIHAH TOYEIIUTI KOPCETiNreH.
AmudaTTel aMUHICp MUHEPAIAbl KHIIIKBUIAAPABl 3KCTPAKIUsIIayFa KaOuIeTTi OOJFaHIbIKTaH, ONapiAbl aj-
JIBIH aJIa MUHEPaIIbl KbIIIKbIIIAPMEH KaHBIKTHIPABIK. O YIIiH OpraHuKanbiK ha3aHbl COHKec KaKETTi KOH-
HeHTparusaAarel MuHEpaabl KeIIKbUIMeH (O:C) 5 MuH x)aHAacTHIpABIK. ON aMUH-MUHEPAIAbl KhIIIKBLI
JKYHeciHe Terne-TeHIiK OpHaybIHa JKETKLTIKTI.
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a — eK.-JIeIUIaMUH; 6 — €K.-TeKCUIAMUH;
1 — H,S0,-ten sxctpakuumst; 2 — HC1-man sxctpakmus; 3 — HNOs-TeH skcTpakmus

2-cypeT. AJIKWIIaMHUHIEPMEH SKCTPAKLHIay1a MUHEePaIIbl KbIIIKBIT KOHIICHTPALMSACBIHBIH
penuiiniy tapany ko3ddunnenTine acepi

Penwniini (VII) Munepanabl KpIIKBUIAAP €pPITIHAUIEPIHEH AKCTpaKUMsAiIay 3aHABUIBIKTAphl €Ki (akTop-
MEH aHBIKTaNa bl bip jkaFbiHaH, MIUHEPAJJbI KBIIKBUT KOHIIEHTPAIMSCHIHBIH apTyhl CYJIbI (a3ana peHuiIiy
AKCTPaKIVsUIaHybIHA KATBICATHIH CYTEK KATHOHAAPBIHBIH KYPaMbl apTybIMEH 1JIece]li, SFHU OHBIH Tapally Ko-
a¢duruenTi eceni. ExiHmmi sxaFbIHaH, MUHEPAIIBI KBIIIKBUIIBIH SKCTPAKIUSIAHY bl 3KCTPAreHTTiH OaiTaHbI-
CYbIHA JKeJle]li KOHe MUHEPaIbl KbIIIKBUIIBIH KOFaphl KOHICHTPAIMSIIAPbIHAA OYJ1 MaHBI3/IbI ocep OOJbITT
tabbuTanel. HoTmkecinae Tapany koddGpummenTiHIiH MUHEepaIIbl KBIITKBUT KOHIIEHTPAFSCBIHAH TOYCI AU
MaKCUMyM apKbUIbI 6Te/i. MaKCUMyMHBIH JKaFIailbl MUHEPAJIbl KbIITKBULIBIH 3KCTPAKIUIIaHy OeHiMILTITI-
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MEH aHBIKTaTalbl. DKCTPAKIUSIIAHY KYKIPT KBIIIKBUIBIHAH TY3 KBIIKBUIBIHA )KOHE COHBIHAH a30T KBIITKBLTbI-
Ha KelkeHae Hamapiaiasl. O, 02JIKiM, SKCTPaKIHs OaphIChIHIA KBIIKBLIIIAPIbIH 09CEKEICCTIK dPEeKeTi-
MeH OaimaHbICTB. ANMH(ATTHIK aMUHACPMEH SKCTPAKIMUIAY TY3KBIIIKBUIIE EPITIHAUIEPACH KYKIPTKBIII-
KBUIIIBIK €PITIHALICPMEH CaIbICThIPFaHIa TOMEH OOJIATHIHBI aHBIKTAIIBI. A30TKBIIKBUIIEI SPITIHIUICPACH
PEHHIT O/1aH 12 TOMEH Tapaity K03(pPHUIMEHTIHIH MOHIMEH O6JIiIl ajIbIHaIbI.

CoHBIMEH, DJIEMEHTTEP/II aMUHACPMEH DKCTPaKIUsIay aHUOHIAPIBIH OOCEKENECTIK oCepiHeH TOMEH-
neini. AHMOHHBIH TaOUFAThIHA Kapai oJIap/IbIH ocepi Keleci KaTapaa TOMEHICHII:

SO, <HSO, <CI <NO;.
Bipak KpIIIKpUIIAp KOHIIEHTPAIMSACHIHBIH ©3Trepyl KYKIPT KBIIIKBUIBI MEH CYJIb(aT MOHIapBIHBIH KOH-
LIEHTPAIUSIIAPHI JKEKEe acep eTYiH Cyibl da3afa Oakpuiayra MyMKiHAIK Oepmeiini. O yiniH OyJ1 HOHAap KOH-
HEHTPAIUSIIAPBIHBIH TOYEICi3 e3repTy KaxkeT. Cynb]ar HOHIapBIHBIH 9CEPiH 3ePTTEY YIIiH KYKIPTKBIIIKBLUI-

IIbI ePITIHAIre HATPH CYJIb(haThIHBIH KaXKETTI MeJIIepiH KOCThIK. Cyib(haT HOHIAPBIHBIH KOHIIEHTPAIHSACHI
JKOFaphIIaFaH CalbIH PEHUN I OO Ay TOMEHICeHTIHI Oaikanas! (3-cyp.).
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1 — DKCTpaKIMSHBIH CYJIb(haT-HOHAAPbIHAH TOYEIIIIT;
2 — SKCTPaKUUSHBIH CYIbI (ha3aHbIH KBITITKBUIBIFBIHAH TOYEIIUITIT]

3-cyper. Penmiifiin ankumaMuaMen skeTpakiusianybia H,SO, xone SO,” KOHIIGHTPAIMACHIHBIH dcepi

OchITaH aMHHAEPMEH DKCTpaKIusIay OOCEKEeNEeCKEH YPIICTEpiH KYIICHTy, MeppeHaT HOHIAPBIHBIH
AKCTPAKIMSICHIH Oaca/bl IEreH KOPBITHIHABIFA Kenyre Oonaabl. by sxarmatina Dg. TOMEHACY1 pEHUHTIH CYIIbI
(hazaHbIH KOFapbl KBIIIKBIIIBIFBIHIA KOMILICKC TY3yiMeH OaiIaHbICThI 00IYbl MYMKIH.
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C.0.Kenxeraena, C.111. AOnpIramnmoBa

Biusinue npupoabl U KOHIEHTPAMH KHCJI0T HA IKCTPAKIUIO METAJJIOB

IIpoBenen mpouece PKCTpakLUU METAUIOB aAMUHAMU B IPUCYTCTBUU MUHEPAIbHBIX KUCIOT U UCCIEIOBAaHO
BIMSHUC IPHUPOJbl M KOHLEHTPALMH KHUCIOT. YCTaHOBIEHO, YTO IPOLECC 3KCTPAKLIUM IPOTEKAET IO
AHMOHOOOMEHHOMY MexaHu3My. HailineHo, 4To mpH mepexoie OT CepHOH KHCIOTHI K COJISHOM, 3aTeM
K a30THOM, SKCTpaKIMs ociaabeBaeT. Y CTaHOBIEHO, YTO yBEINUEHNUE KOHIIEHTPALUMY MUHEPATIbHON KHUCIOTHI
COIIPOBOJKJIACTCS TOBBIILICHUEM COAEPKaHWs B BOJHOM (aze MOHOB BOJOpPOAA, T.€. CHOCOOCTBYET POCTY
ko3 duireHTa pactpeneneHus MeTauia.
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S.0.Kenzhetayeva, S.Sh.Abdygalimova

Influence of nature and concentrations of the acids on extraction of metals

The extraction of metals with amines in the presence of mineral acids has been done and the influence of the
nature and concentration of the acids has been studied. It has been established that the extraction process goes
by anionic-exchange mechanism. It has been found out that when changing acids from sulphuric to hydro-
chloric acid and then to hydrogen nitrate the extraction goes down. It has been determined that the increase of
the concentration of mineral acid is accompanied by the increase of hydrogen-ions in the water phase, so that
it helps to increase of distribution coefficient of the metal.
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IMosyuenune u GPU3NKO-XMMHYECKHUE XaAPAKTEPUCTUKH
AKTHUBHBIX YIJIeH HA OCHOBe conoJiumMepoB ¢pypdypo.ia

JUnst 3amuThl OKpY’KaroIlel cpebl OT Pa3IUYHbIX 3arpsA3HUTENEH U U3BICUEHHUS PEIKUX U OJaropoaHbIX Me-
TaJUIOB MCITIONB3YIOT Pa3lINuHble aKTHBHPOBAaHHbIE YINH. IIpOM3BOACTBO aKTUBHPOBAHHBIX YIJIEH sBIAETCS
HPHOPUTETHOI 3anaueil 11 PecriyOnuku Kasaxcran. AKTHBHPOBAaHHBIE YIJIM HAa OCHOBE COINOJIMMEPOB (yp-
(ypona UIMEIOT BBICOKHE Y/ACIbHbIEC TIOBEPXHOCTH ¥ MPOYHOCTHEIE XapaKTePHCTHKY.

Knioueswvie cnosa: akTHBUPOBaHHBIHN yroib, Gypdypor, yaenbHas MoBepXHOCTh, MUKPOCKOMHS, TPOYHOCTb.

Beeoenue

AKTHBHBIE YIJIM — TIOPUCTBIE yIJIepOJHbIC Tena (ChepudecKkue, 3epHEHHbBIE, TOPOIIKOOOpa3HbIe U
TpaHyJUPOBAaHHBIC), PA3BUBAIONINE NMPH KOHTAKTE C ra3000pa3HON WM KHIKON (pazamu 3HAYUTEITHHYIO
TIONIAalb TOBEPXHOCTH, JJIsl TIPOTCKAHUS COPOITMOHHBIX siBIeHUH. [10 CBOUM CTPYKTYPHBIM XapaKTePUCTH-
KaM aKTHBHBIC YTJIA OTHOCATCS K TPYIIIEe MEKPOKPUCTAITMUECKIX Pa3HOBHIHOCTEH yriieposia — 3To rpadu-
TOBBIE KPUCTAJUIUTBI, COCTOSIIIIIE U3 IUIOCKOCTEH MPOTSHKEHHOCTHIO 2—3 HM, KOTOpBIE B CBOIO ouepeab obpa-
30BaHbI I'eKCAarOHAJILHBIMU KOJIBIIAMHU.

WuTeHcuBHOE pa3BHUTHE MPOMBINICHHOCTH M MOBBINICHHOE BHUMaHUE K TIPOOJIeMaM 3KOJIOTHH TIPHBOIUT
K TOUCKY HOBBIX BBICOKOA((EKTUBHBIX MATEPHAIOB YIS aJICOPOIUH TOKCUYHBIX COCITUHEHHUN W3 Pa3IHMIHBIX
Cpel, a TakKe JUIs U3BJICUCHHS PEIKUX U OJIATOPOIHBIX METAIOB. DPPEKTUBHBIMUA MaTepUallaMH ISl pere-
HUS TAaKOTO Pojia Mpo0IIeM SBIISIOTCS COPOSHTHI Ha OCHOBE OpraHudecKoro Bemectsa ¢hypdypona [1].

AKTUBUPOBAHHBIN (aKTHBHBIN) YTOJb MPUMEHSIETCS BO MHOTHX CIIyYasxX, Korja Tpedyercsi OYuCcTKa BO-
IIbI WK JPYTUX KUAKOCTEH, OYMCTKA BO3AyXa, ra3oB. Huke mpuBeneHbl HEKOTOPHIE 00JIACTH MPUMCHECHUS
AKTUBUPOBAHHOTO YTJIS:

1) o4yrCcTKa CTOYHBIX BOJ Ha IIPOU3BOJICTBE U B OBITY;

2) BOJIOTIOATOTOBKA W OYUCTKA IIUTHEBOM BOJIBI;

3) nexnopupoBaHKE BOJIBI, JCO30HUPOBAHKE BOIBI (BOAOIIPOBOIHOM, B OacceliHaX U akBamapkax);

4) BOIOIIOJITOTOBKA MPOMBIIIIICHHONW U OBITOBOM BOJIBI,

5) Ipou3BOACTBO (PHIBTPOB IS OUYMCTKH BOABI (OBITOBBIC (DHIIBTPHI, MPOMBIIILJICHHBIE (PHIIBTPHI);

6) OYMCTKA CIIUPTA, OYUCTKA CIIUPTOBEIX PACTBOPOB, TOOUYKCTKA BOAKHY;

7) oYMCTKA KPaxMaJIbHOM MAaTOKH, OCBETICHHE COKOB, OUMCTKA JINMOHHOMN U MOJIOUHOW KUCIIOTBI;

8) ounCTKa U OCBETIICHHE PACTHTEIILHBIX U MHHEPATBHBIX MACEIT;

9) ouncTka BO3ayXa, OYMCTKA ra3oB (Ta30- U BO3AYXOOUYHCTKA);

10) mpou3BOACTBO (PUIBTPOB ISl OYUCTKU BO3AYyXA U Ta30B;

11) perenepartus (pekyreparys) pacTBOPHUTEIICH U JIETyIUX YTIIEBOIOPOIOB;

12) u3BjieucHUE PEAKUX U OIaropoHbIX METalIoB [1].

®@ypdypoa (ot nat. furfur — oTpydbm) — anbaeruj, npousBonHoe ¢pypana. [Ipeacrasnser codoit xu-
KOCTB C 3aI1axOM CBEXETr0 PXKAHOTO XJieOa MITH MUH/TAJS.

W,

Pucynox 1. Crpykryphas ¢popmyna pypdypona

Oypdypost HoaydaroT NPU KUISUSHUH ¢ CEPHON KUCIIOTON Pa3IMYHBIX CEIbCKOXO3SHCTBEHHBIX OTXO-
1oB (CTeONM TOJCOTHEYHUKA, COJIOMBI, OTpyOeH), a Takke ApeBecHHBL [Ipyu 3TOM MPOUCXOIUT THUAPOIU3
TeMUIEIUTION03bI  (OJTHOTO W3 TOJIMCAXapUIOB KIETOYHBIX CTCHOK pAaCTeHHs), 00pa3yroIluecsl MEHTO3bI
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(rmaBHBIM 00pa30M KCHII03a) TOJ| ACHCTBHEM CEPHOW KHCIOTHI MOABEPrarOTCs JIETHApATAIlH, BEAYIICH K
oOpa3zoBanuio Gpypdypoiaa. Dypdypos OTrOHSIETCS BMECTE C apaMu BObI [2].

3KC}’l€puM€HmaJlea}l yacmov

Cdepudeckue yriiepoaHble aJCOPOCHTHI TIONYYald CMEIIMBAaHUEM pAacTBOpPa MOMUI(MUPHONH CMOJIBI
B Ghypdypoe ¢ CepHOi KUCIOTON M AUCTICPIHPOBAHIEM CMECH B CJIOM MOTOPHOTO Maciia, P KOMHATHOH TeM-
neparype, ¢ obecriedeHHEM JKEJIATHHU3AINN CMECH, BBIZICPKKOH IMOMYYSHHBIX CPEPUIECKUX TPaHy O] CII0EM
Macna B Teuerue 10 4, ux kapoonuszanuro mpu 85050 °C ¢ mocneyroniyro akTHBAIHEO BOSTHBIM ITapOM.

Brumn momyuenst copoenter DAC-1, DAC-2, DAC-3, DAC-4, DAC-5 u DAC-6. BHemnuii Bun cop-
0eHTOB — c(epsrl AuaMeTpoM 2—4 MM, IBET — OT CEPOr0 MaTOBOIO J0 IJISHIICBOI'O YEPHOIO.

B Tabnuie npencrabineHbl QU3NKO-XUMUYECKHE XaPAKTEPUCTHKH COPOCHTOB.

Tabaumnma

DH3UKO-XUMHYECKHE XaPAKTEePHCTHKH COPOCHTOB

CopOeHt CrIpbe V nenpHas IOBEPXHOCTH, M/T | TIpounocts, %
DAC-1 5759
DAC-2 587,2
DAC-3 734,8
DACH Dyppypon 652.8 95
DAC-5 687,7
DAC-6 644,5

CornacHo NaHHBIM TaOJUIIBI, TOJyYSHHbIE COPOCHTHI MMEIOT JIOCTATOYHO BBICOKYIO YJICNIBHYIO IIO-
BEPXHOCTh, HO HaWOOJBINYIO YACIHbHYI TOBEPXHOCTh uMeeT copOeHT DAC-3. MeToauka 3KCIepUMEHTa
npoBoamnack cormacHo 'OCTy 25699.4 [3]. W3 Tabmuisl Takke BUIHO, YTO BCE IMOIYYCHHBIC COPOCHTHI
MMEIOT JJOCTATOYHO BBICOKYIO MTPOYHOCTH. MeToIMKa SKCIIEPUMEHTA TI0 OTPeAeNICHHIO IPOYHOCTH ITPOBOAH-
nack cornmacHo ['OCTy 1618870 [4].

DAC-4

DAC-6

Pucynox 2. MUKpOCHIMKH COpOSHTOB Ha OCHOBE COMIOJIMMEPOB (ypdypora

JlaHHBIE O CTPYKTYPHBIX XapaKTePUCTHKaX 0Opa3LoB MPH pa3lNyHOM YBEJINYCHHUH HorydeHsl B Hano-
naboparopun otkpeiToro tuna KasHY um. ans-dapabu MeTo10M pacTpoBOii JIEKTPOHHOM MUKPOCKOIIUU Ha
ontuueckoM Mukpockone MEIJI u anextponnom mukpockore Quanta 3D 200i.
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[NonyyeHune n PuU3NKo-xuMmnyeckue ...

Pe3ynbrarhl 35eKTPOHHO-MUKPOCKOITMYECKOTO UCCIIEAOBaHUS 00pa3I[oB COPOCHTOB MOKA3alld, YTO UX
CTPYKTYpa MpeAcTaBleHa XJIONbEBUIHBIMI BKIIOYSHUSIMH B YIIIEPOTHON MaTpHIE ¢ OOIBIINM KOINIECTBOM
IIOp Ha MTOBEPXHOCTH (pHC. 2).

Pazmep mop Bapeupyercs B mpenenax ot 20 HM 70 2 MKM. DTO 00YCIIOBICHO HEOAHOPOIHOCTHIO COCTA-
Ba, CITOCOOOM TIOYUYEHHUS U IPUPOIOH IPOUCXOKIACHHUSI COPOCHTOB.

Bwi600w1

1. ITony4deHsl copOEHTHI HA OCHOBE CONOIMMEPOB Gypdyposia ¢ pa3nuIHbBIMU POLCHTHBIMHU COAEPIKa-
HUSMU KOMIIOHEHTOB.

2. YCTaHOBJIECHO, YTO MOIYyYEHHBIE COPOSHTHI MMEIOT BHICOKYIO YIEIBHYIO TOBEPXHOCTh U IPOYHOCTD.

3. [lomyueHHble COPOSHTHI MOTYT OBITH WCIIONB30BAHBI I OUYMCTKH OKPYKAIOIIEH Cpeabl OT pas3iind-
HBIX 3arps3HUTENEH, a TakKe AJIS U3BJICUCHHS PEIKUX U OJIATOPOIHBIX METAJIIOB.

Paboma evinonnena npu gunancosoii noodepoicke Meosicoynapoonoeo bauka Pekoncmpyxkyuu u Pazeu-
muss u MOH PK, npoexm Ne 184 (Co3z0anue onvimuo-npoMuluLieHHO20 NpouU3Bo0Cmed HAHOCMPYKmMypu-
POBAHHBIX Y21ePOOCOOEPAHCAWUX MAMEPUATO8 0I5l XUMUKO-MEXHOL0UYECKUX NPOYECCO8).

Crnucok 1uTepaTypsl
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K.K.Kimi6aes, A.C.AxkkyxueB, A.T.Kabymnos, P.P.Toknaes,
C.B.Heuunypeunko, C.A.Edppemon, M.K.Haypriz6aes

Dypdypo.1 conoumepi HeriziHae OesceHIeHAipLIreH
KOMIp/IiH aJbIHYbI 7K9HEe (PU3UKA-XUMHSJIBIK CUIIATTAMACHI

Kopiuaran opTaHbl TYpIi JIaCTaFbIIITapAaH KOPFay OHE CHPEK Ke3/IECETiH JKOHE achll METANAapAbl LIBIFapy
YUIiH op Typii OeiceHieHAipiireH kemip ambiHabl. beicenienaipiaren kemip enaipy — Ka3zakcran
Pecry6nikachIHBIH anblHa KOFaH 0acThl MakcaTTapbeIHbIH Oipi. @ypdypor comommmMepi HeriziHAe aJbIHFaH
OenceHaeHAipiIreH KoMip/e OeTiHiH MEHIIIKTIT1 KOFaphl XKoHe oTe Oepik eKeH T OalKanbL.

K.K Kishibayev, A.S.Akkuzhiyev, A.T.Kabulov, R.R.Tokpayev,
S.V.Nechipurenko, S.A.Yefremov, M.K.Nauryzbayev

Obtaining and physico-chemical characteristics of active carbons
based on copolymers of furfural

Different activated carbons are used for protection of the environment from different pollutants and extraction
of rare and noble metals. Production of activated carbon is a priority for the Republic of Kazakhstan. Activat-
ed carbons are based on copolymers of furfural have high specific surface and strength characteristics.
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KBaHTOBOXMMHYECKAs OlleHKA OCHOBHOCTH AMHHOB

KBaHTOBOXMMMYECKH HCCIIE[JOBAHA OCHOBHOCTH psiia aMHHOB. Iloka3aHa BO3MOKHOCTh MPHMEHEHHS SHEP-
THH CPOJICTBA K MPOTOHY AN TEOPETUUECKOH OLEHKH CHIIBI OCHOBAaHWH. BBIABIEHBI 0OpaTHas MPOMOPIINO-
HaJbHas 3aBHCHMOCTb MEXJy CPOACTBOM K IIPOTOHY M MOKAa3aTeIeM OCHOBHOCTH PK), ISl pJia HCCIETYEMBIX
aMUHOB U TIpsMas MPOMOPLHOHAIBHAS 3aBUCUMOCTh MEKAY CPOJCTBOM K IMPOTOHY aMHMHOB M HX ITOKa3aTe-
neM kucaoTHocTd pK,. OTMeueHa BbICOKas KOppesilusa MEeXIy STUMU BenuduHaMu. [lomydeHHbIE HA OCHO-
BaHUM KBAaHTOBOXUMMYECKH OLCHEHHOH 3HEprHU CPOACTBA K IPOTOHY 3HAYCHMA I10KAa3aTels KHCIOTHOCTU
psiia UCCIIEOBAHHBIX AMHHOB UMEIOT KOJIMUECTBEHHOE COOTBETCTBUE CO CIIPABOYHBIMU JaHHBIMHU.

Kniouesvie cnosa: npoToIMTUYECKUE CBOICTBA, OCHOBAHMS, AMHHBI, KBAHTOBOXHMMUYECKUE PacyueThl, 10Ka3a-
TeNb KUCIOTHOCTH, pK,,, TOKa3aTenb OCHOBHOCTH, PKj,, CHJIa KHCJIOT, CUJIa OCHOBaHUMH, CPOJICTBO K MIPOTOHY.

KucnoTHO-0CHOBHBIE CBOMCTBA XUMHUECKHX COCTUHEHUH SIBILIFOTCS BaKHEHTIICH QU3UKO-XUMHUUIECKON
XapaKTEePUCTUKOH, MTO3BOJIAIONIEH OIEHUTh X XUMHUUYECKYIO0 U OMOJIOTHYECKYI0 aKTHBHOCTH. B0O3MOXKHOCTH
TEOPETUYECKOHN OIIEHKH KHCIOTHO-OCHOBHBIX CBOWMCTB XMMHYECKUX COCIUHEHUH IMPEACTABISICT 3HAYUTEIh-
HBII MTPaKTHYECKUH MHTEPEC, TaK KaK MO3BOJSET allPHOPHU HA OCHOBAHWUU JAHHBIX O CTPOCHUU MOJIEKYJISP-
HOW eJIMHUIIBI UCCIIEyeMOT0 BEIeCTBa MPOTHO3UPOBATH €r0 PEAKIIMOHHYIO CIIOCOOHOCTh U (hapMareBTHde-
CKHM MOTEHIMA.

Panee HaMu Ha OCHOBaHWM YCTAHOBJICHHOW MPSAMOM MPOMOPIUOHATHLHON 3aBUCHMOCTH MEXy SHEPTH-
el IenpOTOHUPOBAHUS KHCIOTHI M BEIMYMHOMN MOKa3aTeNns KUCIOTHOCTH pK, OblIa mokazaHa BO3MOXHOCTH
KBAaHTOBOXUMUYECKOHN OIICHKH MTPOTOJIMTHUECKUX CBOMCTB KHUCIOT [ 1-3]. L{enpio HaCcTOAIIEero NCCIIeIOBAaHUS
CTaBWJIOCh M3yUYCHHE BO3MOXXHOCTH KBAaHTOBOXMMHUYECKOW OIEHKU MPOTOIMTUYSCKUX CBONCTB OCHOBAHHI.
B kxadecTBe MOzIEIBHBIX 00BEKTOB HAMH OBLITHM BBIOpaH psiji aMHHOB, TaK Kak JJIsi aMHHOB XapaKTEePHBI SIPKO
BBIP2)KEHHBIE OCHOBHBIE CBOWCTBA, 32 YTO MX YaCTO HA3bIBAIOT OPraHUYECKUMH OCHOBaHMSIMH. OCHOBHOCTH
aMUHOB OOYCJIOBJICHA CITOCOOHOCTBIO aTOMa a30Ta MPHCOEAMHATH MPOTOH K HEMOJACICHHON Hape 3JICKTPO-
HOB C 00pa30BaHHWEM KaTHOHA aMMOHUEBOTO Tuma [4]. OCHOBHOCTh aMHHOB U3MEPSIETCS KOHCTAHTOH paBHO-
BECHS PEAKIINH THIPATALNH:

RNH, + H,0 <> [RN'H;]JOH <« [RN'H3] + OH . )

IIpu sTOoM HaOmOMaeTCs IENOYHAs cpeAa BOAHOTO pacTBopa. OCHOBHOCTH aMHHA TEM BEINIE, YEM
OoJIbllle NEKTPOHHAsS TUIOTHOCTh Ha aroMe a3oTa. KoHcTaHTa paBHOBecus peakimu (1) Ha3pIBaeTcs KOH-
CTaHTOM OCHOBHOCTH (K ;) aMHuHa:

K,= (IRN'H5][OH ]) / [RNH,]. )

C no3unuu NpoTOHHON TEOPUHU KUCIOT U ocHOBaHuM bpencrena-Jloypu [5], ocHOBaHHME — 3TO YacTula
BEIIECTBA, CIIOCOOHASI MPUHMUMATH MPOTOH, a KUCIOTa — ATO BOAOPOICOAEpIKAIIas YacTUIA BEIIECTBA, CIIO-
coOHasi oTnaBaTh MPOTOH. KUCIIOTHO-OCHOBHBIE PeaKIUM KaK PEakIuK, B KOTOPBIX MPOUCXOMIUT Ieperayda
MpoToHa OT KuciaoThl HA k ocHOBaHHI0O B, MMEHYIOTCS MPOTOJMTUYECKUMU PEAKIUSIMHU U B OOIIEM BHUJIC
MOTYT OBITh 3aITUCaHBI C IOMOIIBI0 YPAaBHEHHS:

B+HA <« HB +A, (3)
rae B — ocnosanune; HA — xwucnora.
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KBaHTOBOXMMMYECKasi OLleHKa OCHOBHOCTM aMWHOB

B nportonutHueckold peaknuu BCerga MPHUCYTCTBYIOT JBE  COINPSDKEHHBIE Mapbl  «KUCIIO-
Ta»/«ocHoBanue» — HA/A™ u HB'/B. JIns KOJMYECTBEHHOM XapaKTEPHCTHKU CHMIIbI KMCIOT M OCHOBaHMii
CIIy’KaT KOHCTaHTa KUCIOTHOCTH K

a . .a
_ Y s
K, =—1A “4)
Aya
" KOHCTAHTa OCHOBHOCTH Kb:
a a
_ “us%on-
K,=——". (5)
ag

Ha cuny kuciaoT u OCHOBaHMU OOJIBIIOE BIUSHHE MMEET PAaCTBOPHUTENb M €ro mpupoxaa [6]. BmusHue
BOJIbI B KAUE€CTBE PACTBOPUTEIS YUUThIBaeTCS B hopmynax (4) u (5) B Buje BEIMYMHBI HOHHOTO IIPOU3BEIC-
HUs BoAbl Ky, BXomsiiel B cocTaB Bennund K, u Kj,. Uem Oounbliie 3Hayenue K, TeM 0oJjiee CHIIBHOM KHCIIO-
To# cumraercs nporonuT HA. U ananorudno, yem Oosbiie 3HaueHUe Kj, TeM 0ojiee CUIIBHBIM OCHOBAaHUEM
CUUTaeTCs MPOTONUT B.

Mexny Benuunnamu K, K, u Kj cymecTByeT 3aBUCUMOCT:

K, x K, = Ky=const=f(T). (6)
DTO MO3BOJSET PACCUUTHIBATH 3HaueHUe K, A compsikeHHOro ¢ kucinotoil HA ocHoBanusa A°, ecnu u3-
BecTHHI 3HaueHusa K, u K.

Tak kak BenuuuHbl K, U K, NpUHUMAIOT 3HAYEHHUS B JUANA30HE OT 107" no 10’16, TO YacTO BMECTO Ca-
MOM KOHCTAaHTBI Jucconuanuu K MCIOoNIb3yIOT BeUUMHY pK, KOTOpas ONpeeNseTcs KaKk OTPUIIATEeIbHBIN
JECSTHYHBIN JIOTapU(PM CaMOil KOHCTAHTHI:

pKa = 71g Ka; (7)
pKy=-Ig K. (®)

Jlnst BenmuunH pK 3aBUCHMOCTH (6) TIpY KOMHATHOM TeMIepaType UMEeT BUI:
pK,+ pK,=pKy= 14, 9)

WCTIONB3YS KOTOPYIO, BCETa MOKHO paccunTarh BenuunHy pK,, 3Has 3HadueHne pKj, 1 Ha000poT.

OrneHKy OCHOBHOCTH aMHHOB IIPEAIIONIarajioch JeaTh Ha OCHOBAHWH KBAaHTOBOXMMHYECKHUX PAcUeTOB
SHEPTEeTHYECKOr0 TapaMeTpa, CIocOOHOTO XapaKTepU30BaTh MPOTOJIMTHYECKHE CBOWCTBA XMMUYECKOTO CO-
eanHeHus. bBUlo cAemaHo MpeArnoNoKeHrne, YT0 OCHOBHOCTh XUMHUYECKHX COCIUHEHHH C 3HEPTeTUYEeCKON
MTO3UIIMHA MOYKHO XapaKTepHU30BaTh CPOACTBOM K MpOTOHY. OXKUAAIOCh, YTO YeM CHIIbHEW OCHOBaHHUE, TEM
OoublIe CPOACTBO K MPOTOHY. J{JIs1 BEITOJTHEHUS! pacyeToB HaMH ObUT B3SIT MPOU3BOJIBHBINA PsJ aMHHOB, OC-
HOBHOCTh KOTOPBIX MPEACTAaBICHA B JOBOJBHO MIMPOKOM Juanazone ot pK,= 0,55 (ryaHuguH — cuiibHOE
ocHoBauwme) 10 pKj, = 8,05 (rumpokcmmaMud — ciaboe ocHoBaHwue) [7].

CpozacTBo K IpoTOHY aMHHA AFE OIIEHMBAJIM KaK Pa3HUIY B MOJIHON YHEPTUU OCHOBAHUS U CONMPSDHKEH-
HOU KUCIOTHI:

B + H = HB' (10)
OCHOBAHHE COIIpsKEHHAsA
Kuciora

[IpoToHMpOBaHKEe aMHHA MPOBOIWIU 1O aTOMy a3oTa. Panee OblIO MOKa3aHO, YTO ab initio pacdeTs B
MaKCHMaJIbHO BO3MOYKHOM 0a3uce ¢ y4eTOM COJIbBAaTaIlMH Al0T Hamboyiee MpUOIMKEHHbBIE K SKCTIEPUMEH-
TaNbHBIM JJAaHHBIE TIPH OLCHKE BETMYMHBI OKA3aTeNsd KUCIOTHOCTH XUMHYECKUX coeanHenni [8]. Iloatomy
JUIs1 BHITIOJTHEHUSI KBAHTOBOXMMHYECKHX pacyeToB Hamu Oblia BeIOpaHa mporpamma Gaussian-2009 [9], xo-
TOopas MpeaHa3HaueHa IS BEITIOJHEHUS UMEHHO HEOMITMPUIECKUX pacueToB. B mporpamme Gaussian-2009
JUTS y9eTa COJbBATAIlMH HCIONIB3YyeTCS METONl caMocoriacoBaHHOTo peakimonHoro moist SCRF Ha ocHOoBe
Mozenu nomsapusyemoro kontuayyma PCM (Polarisable Continuum Model), nms koTopoil xapaxTepHO
MIpeICTaBICHNE PACTBOPUTENS KaK MOJISAPHU3YEMOro KOHTHHYYMa M TTOMEIIEHHE PacTBOPSIEMOTO BEUIECTBA B
moJIocTh BHyTpH pactBoputens [10, 11]. Moxens momspu3yeMoro KOHTHHYyyMa, YCICIIHO pa3BUBacMasi Ha
MPOTSDKEHUU ABYX AecatuiieTnid JK. ToMasu U ApyruMH, BKIIIOYAET, HAPSILY € AIIEKTPOCTATHYECKOH COCTaB-
JSIOIIEH, AMCIEPCHOHHBIA M PEMyJIbCUBHBIA WIEHBI, OLEHUBACMBIE TI0 METOAY, HCIOJB3YIOIEMY aTOM-
aTOMHBIE TIOTEHIIMAJIBI, a TAK)KE SHEPTHIO KaBUTAILlWH, BUucIseMyto 1o cxeme [Ibeportu. Ilomocts B Ki1ac-
cuueckoir mozenu PCM onpezensieTcsi Kak COBOKYITHOCTb HEPEKPHIBAIOIIUXCS cep, pa3Mep KOTOPBIX Mpo-
MOPIMOHAJIEH BaH-IEeP-BaalbCOBBIM PainycaM COOTBETCTBYIOLINX aTOMOB.

KBaHTOBOXMMHYECKHE pacdeThl OBLIN BEHITIONHEHBI ¢ MOMOIIBIO TTporpaMmbl Gaussian-2009 [9] HeaM-
MMAPUICCKAM MeToAoM ab initio B 6azuce STO-3G ¢ yueToM BIUSHUS Cpeabl HA OCHOBAHWH KOHTHHYAIBHON
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mogenu coipBataimn CPCM (Conducting Polarisable Continuum Model, Moaens nosisipu30BaHHOTO TPOBO-
ISIIETO JHAJIEKTPHYECKOT0 KOHTHHYYMa), PacTBOpUTENb — Boja. IlomydeHHBIC HaHHBIE MPEICTABICHBI
B Tabnuue 1.

Taonuma 1

CpoactBo k npoTtoHy AE u cipaBoYHOe 3HaYeHHe NMoKa3aTeas 0CHOBHOCTH pKj,
JJIs1 psiia MccileyeMbIX aMHHOB

Ne Tlonxas sHeprus
/11 Ocrosanme Popmyna ocHoBanue, A.U. iI/ICHOTa, A.U. AE, AU K,
1 | T'yauumua (H,N),C=NH -201,4761 -202,0368 0,5607 0,55
2 | lum3onponuaaMuH (C3H;),NH -286,9392 —287,4781 0,5389 2,85
3 | dwoTHaaMuH (C,Hs),NH -209,7795 -210,3151 0,5356 2,91
4 | TpusTHIaMUH (C,Hs);N -286,9315 —287,4644 0,5329 2,99
5 | Otumamun CH;CH,NH, —-132,6196 —133,1503 0,5306 3,19
6 | IuMeTnmamMuH (CH;),NH —-132,6151 —133,1460 0,5309 3,27
7 | MeTtunamud CH;NH, -94,0366 -94,5654 0,5288 3,34
8 | TpumermiaMux (CH;):N -171,1942 -171,7255 0,5313 4,19
9 |T'umpazun N,H, —-109,7553 -110,2706 0,5153 6,03
10 | TuapoxcumaMuH NH,OH -129,2667 -129,7694 0,5026 8,05

Ha pucynke 1 myis HarIsiIHOW WIUTFOCTPAIIMH MPEACTABICHBI TEOMETPUN PACUETHBIX CTPYKTYD IS Tya-
HUJWHA. Busyanuzanusi pacyeTHBIX CTPYKTYP BBINOJIHEHA C TOMOIMIBI0 TpadUueckor  000I0UKH
GaussView 5.0.8 [12].

Heiirpansnas ¢popma

Honmsupoannas popma

[IpotonnposanHas dpopma

Pucynok 1. ['eomeTpus pac4eTHBIX CTPYKTYp I'yaHHAMHA

Ha pucynke 2 npencraBieH rpaguk 3aBUCUMOCTH MEXKY ITOKa3aTeieM OCHOBHOCTH PK), U CPOJICTBOM
K IpoToHy AE 11 psiia UCClieIyeMbIX aMHUHOB.

Ananmu3 rpaduveckux 3aBUCHMOCTEH MEXy CPOACTBOM K MpOoTOHY AE W mokazareieM OCHOBHOCTH
pK, (ctpaBodHOE 3HauUeHUE) (pPHC. 2) TO3BOIMI YCTAHOBUTH, YTO IS Psjia UCCICAYEMBIX aMUHOB MEXIY
CPOJICTBOM K ITPOTOHY U MOKAa3aTelIeM OCHOBHOCTH pKj,, KaK M 0JKHJANIOCh, IPOCIIEKUBACTCS 0OpaTHAS TIPO-
MOPILIMOHAIbHAS 3aBUCUMOCTD (Koadduirent koppemstuuu [Tupcona R = 0,97). Ha ocHOBaHMH MOTY4YEHHBIX
JAHHBIX MOXKHO 3aKIIOYHUTh, YTO CPOJICTBO K MPOTOHY MOXKET CIYXKHUTh 3HEPreTHUSCKON XapaKTePUCTUKOM
OCHOBHOCTH aMHHOB, C IOMOIIbIO KOTOPO# B pe3yJIbTaTe KBAHTOBOXUMHUYECKHX PACYeTOB MOXHO OIICHUBATh
WX KHCIIOTHO-OCHOBHEIE CBOMCTBA.

[pencraBmsiiock HHTEPECHBIM MPOCIEIUTh, KaKOH OyIeT 3aBUCHMOCTh MEKIY CPOJCTBOM K TIPOTOHY H
MOKa3aTeJIeM KUCIIOTHOCTH pK, IUIsl UCCIIEAyeMOro psina KUcIoT. [loka3arenh KUCIOTHOCTH OBbLIT BEIYHCIICH,
HCXOJIS U3 CYIECTBYIOMICH 3aBucuMocTH (9). OTKyna:

pK, =14 — pK,. (11)

Brruncnennple TakuM 00pa3oM 3HAYCHUS MMOKA3aTENH KHUCIOTHOCTH JUISl Psjia MCCISAYEMbIX aMUHOB
MPEICTaBJICHEI B Ta0IUIE 2.

Ha pucynke 3 npencrapiieH rpaduk 3aBUCUMOCTH MEX/Ty MOKa3aTeneM KUCIOTHOCTH pK, M CPOJICTBOM
K IpoToHY AE JUTsl psiia UCCIEAyEMbIX aMHHOB.
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pK,
7 \
6 y=-130,3x + 72,90
R=0,97

5

4

3

2

1 \

0 \
_10, 49 0,5 0,51 0,52 0,53 0,54 0,55 0,56 AE, A.U.

PucyHoK 2. 3aBUCHMOCTb MEKIY CPOJACTBOM K MPOTOHY AE U moKa3zaTesieM OCHOBHOCTH K},
JUTSL psifia UCCIIeIyEMbIX aMUHOB

Tabnuma 2

CpOIlCTBO K IPOTOHY AE v 3HaYeHHsI MOKA3aTeJIsi 0OCHOBHOCTH pr H KHCJIOTHOCTH pKa
AJIA psjia uccjaeayeMblXx aMUHOB

iﬁ_{ OcHoBaHHE dopmyna AE, Kkaia/MoIb K, PK,
1 |'yanuaun (H,N),C=NH 351,8649 0,55 13,45
2 | JunzonponuiaMuH (C;H,),NH 338,1999 2,85 11,15
3 | JludTunamuH (C,Hs),NH 336,1192 2,91 11,09
4 | TpusTHiIaMuH (C,Hs5);N 334,4332 2,99 11,01
5 | Orunamun CH;CH,NH, 332,9953 3,19 10,81
6 | JlumernnamMmuna (CH3),NH 333,1715 3,27 10,73
7 |Metunamua CH;NH, 331,8688 3,34 10,66
8 | Tpumerunamux (CH;);N 333,4348 4,19 9,81
9 |T'ugpasun N,H, 323,3756 6,03 7,97
10 |T'mapoxcunaMmux NH,OH 315,4056 8,05 5,95
PK,
14
12 y =130,3x - 58,90 /
R=0,97
10
8
6
4 T T T T T T

049 0,5 051 052 053 054 055 056 AE, A.U.

Pucynox 3. 3aBUCUMOCTB MEXIYy CPOJICTBOM K NPOTOHY AE U moka3aTeneM KUCIOTHOCTH pK,
JUISL psifia UCCIIEyEMBIX aMHHOB

AHanmu3 rpadUuecKUX 3aBUCHMOCTEH MEXIy CPOJCTBOM K MPOTOHY AE W TOKa3areneM KHUCIOTHOCTH
pK, (puc. 3) TO3BOJMII YCTAHOBUTH, UTO IS PSJia UCCICAYEMbIX aMUHOB MEXIY CPOJCTBOM K MPOTOHY H
MOKa3aTeJieM OCHOBHOCTH PK), MPOCIIEKUBACTCS TMpsiMasi IPONOPIIMOHANBHAS 3aBUCUMOCTh (KO3 UITUCHT
koppensuu [Tupcona R = 0,97).
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JIIsT KOIMYECTBEHHON OIIGHKH OCHOBHOCTH Psijia MCCIEAYEMBIX aMHUHOB HamMH OBLIO KCITOJIb30BaHO
ypaBHEHUE

(PK ) pacuer ! (AE —ERT —-260,5 KK&H/MOHB) , (12)

2,3RT 2

MOJTy4EHHOE Ha OCHOBaHWM PACCMOTPEHUS TEPMOAMHAMUYECKOTO IHMKIIA TUCCONUaIu Kuciaotel HA B pac-
TBOpax C y4eToM coiibBatanui. B ypaBHenuu (12) AE — »Heprus cpoJicTBa K MPOTOHY, OIICHEHHAS KBAHTO-
BOXUMMUECKH; 260,5 KKal/MOJb — SHEPTHUs COMbBATAIIMH MTPOTOHA B BOJIHOW Cpejie MPH KOMHATHOW TeMIIe-
patype.

[Mepexonas k aroMHBIM equHUIaM (A.U.) H3MEpEeHHUsT SHEPTETHUECKUX XapaKTEPUCTHUK M C YYETOM 3Ha-
YeHUN KOHCTaHT W TeMITepaTypsl, u3 ypaBHeHus (12) momydaeM BoIpaskeHme (13) Iy OIEHKHM pacdueTHOTO
3Ha4YeHHs BeNUUUHBI (PK,)pacuer:

(PK,) peser = (AE ~0,415133229 - % 0, 000943203) /(2,3 -0,000943203) . (13)

IToncrasus B BeIpakeHue (13) 3HAUCHHS DHEPTHH CPOJICTBA K MMPOTOHY AE psia UCCIeTyeMbIX aMUHOB,
nonyuennble ipu UHF ab initio-pacuerax nanHo# BemuumHbI B 0asuce 6—31G ¢ ydeToM coibBaTallid B
paMKax mozenu nojisgpusyemoro koHtuHyyma CPCM, Opuim mosydeHsl HaieHbl BeIHMYMHBI (PK,)pacuer
npencrasieHHble B Tabnuie 3. Ha pucyHke 4 mokasaH rpaduk 3aBHCUMOCTH CIPABOYHOTO 3HAYCHUS BEJIH-
4uHbl pK, 0T pacueTHOro (pK,)pacuer-

Taonuma 3

PacyeTHble M CIpaBOYHbIE 3HAYEHNUST BeJIMYUHBbI PK, 1151 psiia HccileyeMbIX aMUHOB.
Meton pacuera — UHF6-31G CPCM

30

li\jgﬂ OCHOBaHHe ®OpMyHa (pKa)pacqu (pKa)Cl'Ip
1 |'yanuaun (H,N),C=NH 66,02473 13,45
2 | JunzonponuiaMuH (CsH7),NH 55,98666 11,15
3 | JludTunamuH (C,Hs),NH 54,45823 11,09
4 | TpudTUIaMUH (C,Hs);N 53,21971 11,01
5 | Orunamun CH;CH,NH, 52,16351 10,81
6 | JlumernnamMmua (CH3),NH 52,29294 10,73
7 | Metunamua CH;NH, 51,33601 10,66
8 | Tpumerunamun (CH3);N 52,48636 9,81
9 |T'ugpasun N,H, 45,09705 7,97
10 |T'mapoxcunaMux NH,OH 39,24244 5,95
(pKa)cr[p
14
v =0,282x - 4,501 /
12 R=0,97
10
8
6
4 T T T T T T 1
35 40 45 50 55 60 65  (PKu)pacuer

Pucynok 4. I'paduk 3aBMCMMOCTH CIIPAaBOYHOT'0 3HAUEHHs BENUYMHBI (DK, )cnp
OT pacyeTHOro 3HaueHUs (PK,)pacuer VIS HCCIIELYEMOTO PsAJIa AMUHOB
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Kax BUIHO W3 TIpeICTaBIEHHBIX B Tabawile 3 U Ha pUCYHKE 4 JaHHBIX, TOYHOTO KOJMYECTBEHHOTO CO-
OTBETCTBHUS MEX]Iy PACUETHBIMHU U CIIPABOYHBIMHU 3HAUYCHUSMH BETMIUHBI pK, He HaOmogaeTcs.

s Goyiee TOYHOM OICHKH BEMYMHBEI PK, BOCIIOIB3yeMCS YpaBHECHUEM JIMHECHHOM ammpOKCHMAIINH,
OTPaKaIOIUM 3aBUCUMOCTb CIIPABOYHOI'O 3HaY€HMs BEMTHUYMHBI (PK,)cnp OT pacueTHOro 3HadeHus (pKy)pacuer
(puc. 5):

y=0,282x —4,501. (14)

IMoxcrasnsas B nanHOe ypaBHeHHe (14) BMecTo x 3HaYeHHE (PK,)pacuer, UL Kaxka0ro U3 10 nccnemyemMbix
AMHHOB IOJIy4UM OKOHYATEIbHOE PACUETHOE 3HauUeHUe BeIUMIUHbI PK, — (DK, )rcop- I10TyUEHHBIE B pE3yIIbTa-
Te pemeHust ypasHeHus (14) 3HaueHUs (K, )reop A1 PAAA UCCIECTYEMBIX AMHHOB IIPEICTABICHBI B TAOIHLE 4.
Ha pucynke 5 maHpl rpadmKy 3aBHCHMOCTH CIPABOYHOTO 3HAYEHHUS BEIMYUHBI PK, OT TEOPETUUECKH OIle-
HEHHOTO (PK,)reop A7 HCCIIETYEMOTO PsIJJa AMUHOB.

Tabnuuma 4

TeopeTudecku olleHEHHbIE MOKA3ATEIN KUCTOTHOCTH (PK,)reop
U CIIPaBOYHbIE 3HAYEHHS] BeJIMYMHBI pK, IUIsl psiia UccielyeMbIX aMMHOB

o [orpemHocts (PK,)reop
H/H OCHOBaHI/Ie (pKa)pacqu (pKa)Cl'Ip (pKa)TC()p a6COJ’I}0T. OTHOCI/IT. , %
1 |'yanuaun 66,02 13,45 14,11 0,66 4,96
2 | JunzonponuiaMuH 55,98 11,15 11,28 0,13 1,23
3 | JludTunamuH 54,45 11,09 10,85 0,23 2,10
4 | TpudTUIaMUH 53,21 11,01 10,50 0,50 4,56
5 | OTunamuH 52,16 10,81 10,20 0,60 5,55
6 | JlumernnamMmua 52,29 10,73 10,24 0,48 4,51
7 | Metunamua 51,33 10,66 9,97 0,68 6,41
8 | Tpumerunamun 52,48 9,81 10,30 0,49 4,99
9 |Tugpazun 45,09 7,97 8,21 0,24 3,09
10 |T'mapoxcunaMun 39,24 5,95 6,56 0,61 10,34
CpeaHee 3HaUeHUE 4,78
(pK(l)CHp
14
b y = 1,002x + 0,010 /
R=0,97
10
8
6
4 T T T T 1
6 8 10 12 14 (pKo)reop

Pucynox 5. I'paduk 3aBHCHMOCTH CIIPaBOYHOTO 3HAYEHUS BETUYUHBI pK,
OT TEOPETHYECKU OUEHEHHOTO (PK;)1eop AT HCCIIENMYEMOTO PsiJIa AMUHOB

Kaxk BUHO U3 mpeAcTaBICHHBIX B Ta0nuIle 4 U Ha PUCYHKE 5 TaHHBIX, XOpOIIas COrIACOBAHHOCTh pac-
YETHBIX W CIIPABOYHBIX JAHHBIX BEIMYUHEI PK, JOCTHUTHYTA MPAKTUYECKU IS BCEX aMUHOB. Tak, il Iu-
M30MPONUIAMHAHA OTHOCUTENbHAS MOrPEUIHOCTh BennuuHbl pK, coctaBuina 1,23 %. MakcumanbHOE OTKIIO-
HEHUE OT CIPABOYHOTO 3HAYCHHUS HAONIONASTCS I BEMUYMHBI pK, ruapokcuiamuHa. CpenHee 3HAYCHHE
OTHOCHUTEIFHOM IMOTPENTHOCTH OICHKHA KHUCIIOTHOCTH HCCIIEIyeMOro psia aMHHOB cocTaBmwio 4,78 %, 4To
ropaszio MeHbIIe, 9eM TaKOH ke MoKa3aTelNs A psafa uccienoBanabix panee OH-kucnor (17,82 %) [12].
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Ha pucyHke 5 4eTko mpocCIiieKrBaeTCs JINHEHHAS 3aBUCUMOCTh MEXTY TEOPETHUYSCKUMH U CITPABOYHEI-
MU 3HAYCHUSMU BEITUYUHBI pK, B IMUPOKOM JHana3oHe 3HaueHui: ot 6 10 14. [Ipu 3ToM Kod3pPUIMeHT Kop-
pensiuu [Iupcona Bechbma Benmuk (R =0,97), 9T0 TOBOPUT O HAIMYUHU 3HAYUTEIILHON KOPPEISIIHHE MEXKITY
JIByMsI PacCMaTPUBACMBIMU BETUYHHAMHU.

B nenom, mpoBeieHHbIE HCCIIEA0BAHMS TOKA3aTH BO3MOXKHOCTh IIPUMEHEHHS SHEPTUU CPOJICTBA K ITPO-
TOHY JIJISl TEOPETHUYECKON OIIEHKH CHITBI OCHOBaHUH. BBISBICHBI 0OpaTHAsT MPOTOPIUOHAIBHAS 3aBUCHMOCTh
MEXy CPOACTBOM K IPOTOHY M TOKa3aTesIeM KUCIOTHOCTH JUIS PsJia UCCIICYEMbIX aMUHOB M TIPSIMast TPO-
MOPITMOHATIbHAS 3aBUCHMOCTh MEXIy CPOJICTBOM K MPOTOHY aMHHOB M MX TOKa3aTeiaeM KUCIOTHOCTH. OT-
MeUeHa BBICOKasl KOPPEIISIUS MEXTy dSTUMHU BelMunHaMHu. [1oydeHHbIe Ha OCHOBaHUH KBAHTOBOXUMHYECKU
OILICHEHHOW YHEPTUU CPOJICTBA K MPOTOHY 3HAUCHUS [TOKA3ATENs KHCIOTHOCTH PSJia HCCIICAOBAaHHBIX aMUHOB
MMEIOT KOJMYECTBEHHOE COOTBETCTBUE CO CIPABOYHBIMH 3HAYCHHUSMHU. DTO UMEET MPAKTUYCCKYIO 3HAYM-
MOCTh, TaK KaK MMO3BOJISIET MpeJcKa3arh 3HAUCHUE BEJIHMUYMHBI pK, HA OCHOBAHWH JIAHHBIX O CTPYKTYpE CO-
eMHeHns1 0e3 ero CHHTEe3a, YTO BaXKHO NPU pa3pabOTKE HOBBIX JIEKAPCTBEHHBIX BEIIECTB U MPEIBAPHUTEIh-
HOM TIPOTHO3MPOBAHUU UX OMOJIOTHYECKON aKTHBHOCTH.
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N.A.Ilycronaiikuna, 5I.A.Bucypxanona, K.JK.KyTxanoBa

AMMHEPAIH Heri3MiK KacHeTTePiH KBAHTTHIXUMHUSJIBIK OaFajiay

AMUHZIEp KaTapblHBIH HETi3OUIr KBaHTTBIXMMHSUIBIK 3€PTTEJICH. DHEPIUSHBIH MPOTOHFA JKAKbIHIIBIFbIH
HETi3 KYIIH TeOpHsUIBIK Oarajiay VINIH KOJJaHy MYMKIHAIrT KepCeTUIreH. 3epTTeNil OTBIpFaH aMHHIEp
KaTapbIHBIH HETi3ATiK kepceTkimi pKb MeH MpoToHFa )KaKbIHIBUIBIKTBIH Kepi MPOIOPLHOHAIIBI TYeIALTIr
JKOHE NMPOTOHFA YKAKbIH/ABUIBIKTHIH KbIIIKBUIABIK KepceTkimiHe pKa Typa NponopuuOHaIIBIFbl aHBIKTAJIFaH.
Ocsbl 1IaManap/blH apachlHAArbl YJIKEH Koppensuus OadikasraH. KBaHTTBIXUMHMSIBIK OaraliaHbIN ajbIHFaH
SHEPTUSHBIH HPOTOHFA JKAKBIHIBIFBIHBIH 3€PTTENINl OTHIPFAH aMMHIEP KAaTapbIHBIH KbIIIKbUIIBIIBIK
KOPCETKIIIIHIH MOH/EP] aHBIKTaMaJIbIK OepinreHIepMeH CaH/bIK COMKECTIKTEe eKeHIT] AANIeNIeHICH.

I.A.Pustolaikina, Ya.A.Visurkhanova, K.Zh . Kutzhanova

Quantum chemical evaluation of the amines basicity

The basicity of a number of amines was investigated by quantum chemistry methods. The possibility of the
theoretical estimation of amines basicity by using of proton affinity energy was shown. The inverse propor-
tional relationship between the proton affinity and the pKj, basicity index was found for a number of studied
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amines. Direct proportionality between the proton affinity of amines and its pK, acidity index was shown.
High correlation between these values was found. The calculated values of the acidity index are in quantita-
tive agreement with reference data.
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KBaHTOBOXMMHIYECKOe HCC/IeI0BAHUE MEeXaHU3MA PeaKUMii IPOTOHUPOBAHMS
Pa3JMYHBIX MOJIEKYJ 3,6-TU-TPeT.0y THJI-2-0KCH(PEHOKCHTIOM

IIpeanpuHsATa MONBITKA TEOPETUYECKOM HHTEPIPETANNN SKCIEPUMEHTANBHBIX JAHHBIX METOAAMHU
COBPEMEHHOM KBAaHTOBOW XHMHH, B YaCTHOCTH, C HCIIOJIBb30BaHUEM ab-initio — pPacdeTHBIX TEXHOJIOTHIT
nporpammuoro makera Gaussian-2009 (Pittsburgh, USA). IlpuBenensl pe3ynbTaThl HEIMIHPHICCKHX
pacyeToB B HEOrpaHHYEHHOM XapTpu-DOKOBCKOM MPUOIIKEHWH C MCHOJIb30BaHHEM Oa3ucHOro Habopa
3-21G npodunu [I13 mMexmonekyasIpHON peakuyd NPOTOHHOTO MEepeHoca OT CEMUXMHOHHOTO paaukana |
K TPUSTHIIAMHHY, & TAKXKe peaKlni 00pa30BaHMs CONEBBIX MPOAYKTOB C TEKCAMETAIoJIOM U BOJIOI.

Kniouesvie crnosa: CeMHXHUHOHHBIE paaduKaibl, H-KI/ICJIOTI)I, NEPEHOC MPOTOHA, MPOTOJIUTHICCKUEC PEAKIUH,
KHHETUYCCKasA KUCIOTHOCTH, KBAHTOBO-XUMUYECKUE PACUCThI, 3HP-CH€KTPOCKOHI/I${.

Panee DIIP-ciekTpockonu4IecKy ObLIO TMOKAa3aHO, YTO CEMUXUHOHHBIC PAIMKAIbI M, B YaCTHOCTH, CTa-
OunbHbIA 3,6-mu-TpeT.OyTnin-2-okcudeHokenn (I) obmamaroT BBICOKOH MOABMYKHOCTBIO THUAPOKCHUIBHOTO
aToMa BOJOPO/a, KOTOPBIN C HAHOCEKYHHBIMU BPEMEHAMHU BHYTPHMOJIEKYISIPHO MUTPUPYET MEXIy aToMa-
MH KHCIIOpOJa NATHWIeHHOTo XenaTHoro moctuka HOCCO [1-4]:

C(CH3)3 C(CH3)3
+ Y €))
OH OH.Y
C(CHs); C(CHa)3
A B

3nech OykBoi Y 0003HaUeHA MOJIEKYJIAa PACTBOPUTENSA, KOTOPass MOYKET BBITIOIHATEH pa3IMIHbIC (PHU3H-
KO-XUMUYeCKHe (PyHKIINU, HAYUHAS OT PO HHAU(PGEPESHTHON Cpelibl KaK MOJISKYJIBI TeKCaHa WK TOJYOJIa,
CHJIHOTO COJIbBATUPYIOIIEro areHta — 3¢upbl, Gocdarsl U rekcameranod (rekcameruntpuamuaodocdar),
TaK U OTPBIBAIOIINX WIH 0OMEHUBAIONINX TUIPOKCUIBHBIN MPOTOH — pa3indHble aMuHbI 1 OH-KUCITOTEHL.

Yacrora BomopomoTponuu B I v, paccunteiBacMas u3 mupuH JuHHH CTC IUHAMHUYECKUX CIICKTPOB
OIIP pagukana no ypaBHenusMm ®.bioxa, OyneT 3aBUCETh OT KOOPAMHUPYIOIIUX CBOMCTB Cpelbl U IMpen-
CTaBISIETCA COOTHOLICHUEM:

V= 0va + Bvs, (2)
TJIe Vo — YacTOTa paJuKaIbHON BOJOPOJAOTPOINH B cpeie MHAH(HEPEHTHOTO pacTBOPUTENS TOMYO0JIa; Vg —
4acToTa PaJNKaIbHOW BOJOPOJOTPOITUU B CPEJIE YHCTOTO PACTBOPUTENS Y; O ¥ 5 — MOJIbHBIC JIOJU yKa3aH-
HBIX YacCTHII, mpudeM o+ = 1.

Koncranty paBHoBecus (1) K, = [B]/[A][Y] u monbHyt0 nomto gactun A a = [A]/([A] + [B]), yuntsiBas
yro [B] =K, [Y] [A] u B =1 — a, MoxkHO cBsizaTh cooTHomeHnueM o = 1/(1 + K,[Y]). Orciona MOKHO BbIBEC-
TH, 9TO

v=(va+va K [YD/(1 +K,[Y)). (3)

W3 nocnenneil BiTekaer padodas popmyna K,[Y] = (va — v)/(v — vg), KOTOPYIO MOYKHO HMCIOJIb30BATh
JUTSL OIICHKH TEPMOJIMHAMHYCCKHUX TapaMEeTPOB COJIbBATAIUY paauKkana I, HanpuMep, B CMeCsSX THIIA TOJYOJ-
reKCaMEeTarloll, OllcHUBas rpaduueckue 3aBUCUMOCTH aHaMop(o3 (V4o — V)/(V — vg) OT KOHIIEHTPALUH KOOP-
JTUHHUPYIOIIETo are’Ta Y MpH pa3InyHbIX TeMIIEpaTypax.

B rtabmune 1 mpencrasiensl DIIP-CieKTpOCKONMYECKH OIEHEHHBIE YaCTOTHl BHYTPHUMOJICKYISIPHOM
MUTpaIIi aToMa BoZiopoJa B | B cpezie pa3MuYHBIX OPraHUYECKUX PacTBOpUTENEH, 00JafalonIinX KaK MmoJis-
PU3YIOMKMH, TaK U KOOPAMHUPYIOLITIMH CBOHCTBAMH.
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DN o) P OH ..Y
OH..Y o
T T

B B'

Taonuma 1

KunHernyeckne nmapaMeTpbl BHyTPHMOJICKYISPHOIT BOXOPOAOTPONINH
B 3,6-11-TpeT.0yTH/I-2-0KCH(eHOKCHIE B cpe/ie OPraHUuYeCKHX PacTBOPHUTeIeH

PactBopurenn v-107 ¢! Vo' 102! E,-0,5 xxain/mMonb
MeTtanon 0,8 7,1 53
DTaHon 0,6 2,2 4.8
M3omnpomanon 0,9 2,0 4,6
Jwatuioserit a¢up 1,35 4,0 4,7
Terparunpodypan 0,95 0,8 4,0
JumeTokcustan 1,1 32 4,7
Jnoxcan 0,52 2,8 5,0
AneToH 1,13 10,8 53
Jumernncynbhorcuy 0,18 2,65 5,6
XaopOeH301 3,0 0,46 2,0
Hutpobenzon 2,4 0,43 3,2
Tonyon 2,4 0,3 2,9
Hurpomeran 1,43 0,9 3,8
Benson 3,5 1,7 3,7
T'enran 2,4 0,3 2,0
BazenunoBoe macio 4,7 2,2 3,6
Tpubyrundochuaokcna 0,12 76,5 8,0
JubytunOytuindoconar 0,36 91,2 7,2
TpubyTundocdar 0,29 83,0 5,9
TerpabyrunmermieHnpochoHart 0,05 13500,0 11,2
T'ekcameTamon 0,08 680,0 9,5

Jannbie Tabauel 1 WLTIOCTPUPYIOT TOT (PAKT, YTO HA CKOPOCTH MUTPALIMK aToOMa BOAOPOJa BIHACT HE
HOJIIPHOCTH CpPeAibl, a crienuguyeckas coiabBaTalus paaukana | mo THAPOKCHIBHOW TpyIne MOJEKyJIaMu
MPOTOHOAKIETITOPHBIX pacTBOpHUTENeH. JIaHHBIN (hakT MOXKHO NPHBECTH B KayecTBE apryMeHTa B HOJB3Y
TOMOJIUTUYECKOT0 XapaKTepa BHYTPUMOJIEKYIISIPHOH BOAOPOAOTPONUH B pafukaie L.

Crnektp DOIIP I B cpene unauddepeHTHOr0 TOJIyoa NPEACTaBIICT OO0 TPHUIUIET AyOJETOB C KOH-
crantamMu CTB HecnapeHHOro JIEKTpOHA C JIByMsS MarHUTHO-3KBHBAJCHTHBIMU KOJBLIEBBIMU IPOTOHAMU
paaukana ay = 3,92 3 ¥ ¢ THAPOKCUIBHBIM MIPOTOHOM ay = 1,62 5. MarHuTHas 3KBUBAJIEHTHOCTb MJIU CIEK-
TpajibHasg HEpa3IMYMMOCTh KOJBIEBBHIX HMPOTOHOB OOYCIOBJIEHa OBICTPOH HAHOCEKYHIHOW TayTOMepHen
B 3,6-1u-TpeT.0yTui-2-okcudenokcuie (I). OmHako MHOTHE COJIbBATHPYIOIINE PACTBOPUTEIIN KOOPIUHAIIH-
OHHO CBS3BIBAIOT KHUCIBII (PeHOMBHBIN MPOTOH | B MpouHbIe KOMILIEKCHI 3a cueT BonopoaHoi ces3u (KBC) u
B Cpe/ie TAKOr0 MOIIHOTO peareHTa, Kak reKcaMeTaroll, MarHUTHasI HEOKBUBAJICHTHOCTD KOJIBLEBBIX MPOTO-
HOB HCU€3aeT yXe IIPU KOMHATHOM TemIiiepaTtype. Jpyrumu ciioBamu, TayTOMEpHUs 3aMeUIAeTCs 0 MUKPO-
CEeKYHIHOU u 0oJyiee MeIeHHOH (cM. puc. 1).

B tabmune 2 npuBeaeHsl TepMoauHamuueckue mapameTpsl KBC-cBs3piBanus | monexkymamu pazmud-
HBIX BEIIECTB. BHUIIHO, 94TO TeKcaMeTaroy 00JagacT caMoi CHIIPHON CBS3BIBAIOIICH MIIH KOOPIUHUPYIOIIEH
CITOCOOHOCTHIO M3 BCEX MPECTABICHHBIX B TaOMUIIAX 1 ¥ 2 OpraHUIECKUX MOJICKYIL.
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h

T
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———-

—
30 H »
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a — tonyonbHbIA pactBop I mpu 7= 303 K;
6 — pactBop I B rekcamerarnone npu 7= 293 K;
6 — pactBop I B cMecH rekcameTarnosna ¢ TpudTiiiaMuaoM ipu 7 =293 K

Pucynok 1. Cnextpsr OITP

Tabnuma 2
TepMoaMHAMHYECKHE TAPAMETPbI COIbBATAIUHU | PA3THYHBIMHE OPTAaHMYECKUMH MOJIEKYJIaAMHU

Kp»(293 K), —AH, —AS,
Kommiekcoobpa3zoBarenb

JI/MOJIb KKaJI/MOJIb 9. el

Terparuapodypan 0,63 4,9£1,0 19,6
Jlnokcan 0,30 4,1£1,0 16,4
MeTtanon 0,16 2,25+1,0 11,3

Jumernncynshokeun 1,98 2,65+1,0 7,7
Juoyrunoyrundocdonar 2,5 4,5+1,0 13,6
Tpubyrundocdar 6,7 5,7£1,0 15,7
TerpabyrunmernienandpochoHar 6,13 5,7¢1,0 17,3
I'ekcameTamnon 34,0 11,1£1,0 30,9

U3 cnextpa DOIIP Ha pucyHke 16 Takxke BUAHO, YTO MOJIEKYJa TPUITUIAMUHA OTPBIBAET IMIIPOKCHUIIb-
HBIH IPOTOH OT | maxke B cpelie rekcaMeTanona, HECMOTpPsI Ha YKa3aHHYIO MOLIHYIO KOOPIUHALIUIO PajuKaja
3a cueT KBC-cBaspiBanuda. Crnektp OIIP aHmoH-paaukana, ocraromierocs npu nortepe | kucnoro nporona,
MpeaCTaBisieT cCOOOW TPUIUIET OT KOJNBLEBBIX MPOTOHOB C @y =3,35 3. MarHuTHas 3KBUBAJIECHTHOCTH THX
IPOTOHOB 00YCIIOBJIEHA OBICTPOI MHUTrpareil y>ke aMMOHHEBOTO KaTHOHA B MOHHOHN Iape CEMUXHHOHHOTO
aHWOH-paaukana [3, 4]. JloBogoM B MOJB3y MOHOMOJEKYISIPHOCTH BOAOPOAOTPONNH B CEMUXUHOHHOM pa-
nukane | MOXKeT CITy>KUTh OTCYTCTBHE KOHLEHTPALMOHHON 3aBHCHMOCTH CKOPOCTH OBICTPOH TayTOMEpHUH
B 3,6-1u-TpeT.0yTriI-2-0Kcu(hEHOKCHIIE, a Takke TOT (haKT, YTO €CJIM HAHOCEKYHIHAs BOIOpomoTponus B |
Obl1a OB1 OMMOINIEKYIApHOH, TO B criekTpe DIIP pagnkana vc4yes3no Obl THAPOKCHIBHOE PACIIEIIICHUE 3a CUET
OBICTPOTrO MEXMOJIEKYJISIPHOTO TPOTOHHOTO OOMEHA.
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B macTosmieit pabore MpeAnpUHSTA MOMBITKA TEOPETUYCCKONW HHTEPIPETAIIMK TPUBEACHHBIX BBIIIC
JKCIIEPUMEHTAIBHBIX JAaHHBIX METOJAAMH COBPEMEHHOW KBAaHTOBON XMMHH, B YACTHOCTH, C UCTIOIH30BAHHEM
ab-initio pacYeTHBIX TEXHOJOrui mporpaMMuoro makera Gaussian-2009 (Pittsburgh, USA) [5-7]. O0rie-
MPUHATO CYUTATh, YTO DJIEMEHTAPHBIN MEPEHOC MPOTOHA OCYIISCTBISACTCS BHYTPUKOMILIEKCHO TIO IIETTH BO-
nopojuoii cesa3u B KBC tuma B ¢ oOpa3oBaHreM COJIEBOIr0 MPOAYKTa PEaKIMH, T.€. HOHHOH Mapbl CEMUXH-
HOHHOTO aHMOH-Pa/INKalla C aMMOHHEBBIM KaTHOHOM C:

1 -
0 O -
- . (5)
OH..Y - HY?'
1 T

B C

Ha pucynke 2 npuBeneHsl pe3yibTaThl HEIMIHUPUYECKHX DPACUETOB B HEOTPAHUMUCHHOM XapTpu-
®DOKOBCKOM MPHUOIMKEHUH ¢ MCIIOJIb30BaHHEeM 0a3ucHoro Hadopa 3-21G npoduau III1D mMexMonekyssp-
HOW peakuy MPOTOHHOTO nepeHoca (1) oT ceMUXMHOHHOTO panukana | k Tpustunamuny (TDA).

R(OH), A
070 0,90 1,10 1,30 1,50 170 1,90

E_ a.e. ’ q

977,02 o1

H
977,03 - N e e e - 0,5

977,04 -0

-977,05 - 05

977,06 / E of

=707 -1.5

Iy

Pucynok 2. [Ipodwns [I1D u 3apsaaoBrle AMHAMUKHE Ha aTOMaX PEaKIMH MPOTOHHOTO MEpeHoca
B cucteme [ — TOA mo manaeim UHF ab-initio pacdyetos B 6azuce 3-21G

JmHa BOZOpOIHOTO MOCTHKA B KOMIUIEKce Tuna B mMexay | v TpusTHIaMUHOM, TIOTydeHHAs MIPH MO~
HOM ONTHMHU3AIMU €TO TEOMETPUH B PaMKaX YKa3aHHOTO KBAaHTOBO-XMMHYECKOTO PacueTHOTO METOAa, OKa-
3anach paBHOU Ropy N = 2,72 A u oma (hukcupoBanach TakOW TMPH MOJCIUPOBAHWUU peakimu. [|nmnHa
OH-cBszu B Takoit KBC BapsupoBanack ¢ marom A = 0,1-0,2 A. Kak BujHO U3 pacueTHOro rpaguka Ha pu-
CYHKE 2, peakldy MPOTOHHOTO MEPEeHOca COOTBETCTBYET ABYXBAMHBIN mpodmwis I1I13, sHaoTepMuaHOCTH
9TOH peakiuu 00YCIIOBIIEHA OTCYTCTBHEM y4deTa 3(QGEKTOB Cpebl IPH MOJICTHpOBaHUN. BMmecte ¢ Tem ak-
TUBAIMOHHBIH Oapbep npsiMoil peakuuu B — C (cM. cxemy 5) coctaBui BenuiuuHy 9,3 KKaj/Molb, a o0pat-
Hoit peakuuu C — B — 3,7 kkan/moinb. TermtoBoii 3¢ ekt peakiiuy MpOTOHHOIO MEPEHOCA MOTYIHJIICS PaB-
HbIM AH = 5,6 Kkan/Mojb. 3apsI0Bble U3MEHEHMsI Ha PErepHBIX aromax paccMmarpuBaecMoro KBC moka3si-
BaIOT, YTO NPU BHYTPUKOMILUIEKCHOM pacTsbkeHnr OH-cBsi3u B pajnkarie Ha MPOTOHE COXPAHSETCs CTEIEHb
€ro MOJISIPU3aly U BeIMUKHA 3apsiaa Ha HeM paBHa ¢ = 0,50, Toraa kak B OTAEIBHOM panukane I on cocras-
nser g = 0,42.

Ha pucynke 3 mpencraBieHbl 3JE€KTPOHHBIE CTPYKTYPBI HCXOJHBIX, IEPEXOJHBIX U KOHEYHBIX COCTOS-
HUH peaKIMOHHBIX MAp OMUCHIBAEMOT0 MPOTOIUTHYECKOTO IpoLecca.
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a — ucxonHoe cocrosnue (ro = 1,01 A); 6 — nepexonnoe cocrosuue (roy = 1,4 A);
6 — KOHE4HOe cocTostHue (o = 1,6 A)

Pucynoxk 3. 'eomeTpuueckue CTpyKTYpbl COCTOSSHUM MPOTOIUTUYECKON CUCTEMBI
I — TOA no ganasiMm UHF 3-21G ab-initio pacaeToB

B cucreme I-—rekcameranon (GMP) OBIIP-ciektpockonmudecku HE (UKCHPYETCS MPOMYKT IPOTO-
HUPOBAHUS PACTBOPUTENS M 3TO UMEET MECTO M B APYTUX OpraHuueckux ¢ocdarax u 3pupax, XoTsS B ITHX
cpenax obpasytorcs npounsie KBC ¢ okcudenoxcunom 1. OgHo#t u3 npuunH Takoro ¢ ¢exta MOryT OBITh
MaJible BpeMeHa KU3HH COOTBETCTBYIOIIMX COJIEBBIX NMPOXYKTOB. Ha prucyHke 4 mpeacTaBieH aHaTIOTHYHBIN
pacueTHbl NpoduiIb HOBEPXHOCTH MOTCHLUAIbHON SHEPTUU MOJIYUYEHHBIH HEIMIUPHUYECKHM METOJI0M
UHF 3-21G nns peakunonHoit naps! I — GMP.

R(OH), A
070 090 10 120 1,50 170 1,90
E,, a.e. q
1508,62 . L,
-1508,64 H
p 2 £ = - —a |

-1508,66 - 0.5
1508,68 L ——

\ e 0
-1508,7 L v
-1508,72 7 0.5

Loognb
1508,74 - — s &
L1

-1508,76 O(I)
-1508.78 1.5

Pucynox 4. I[Ipoduus I1I1D u 3apsioBble AMHAMUKY HA aTOMaX peaknuy MPOTOHHOTO IepeHoca
B cucrteme [ — GMP o nanaeim UHF ab-initio pacueros B 6azuce 3-21G

Hnunaa Bogopognoro moctuka B KBC cuctemsl [ — GMP nonyuunace paBHoU Roy. o = 2,84 A. U3 pac-
yetHoro rpaduka I1I1D nporonupoanus GMP BHIHO, YTO KOHEUHBIA MPOAYKT PEaKIUU XapaKTepU3yeTCs
OTHOCHTEJILHO  HErJIyOOKOW  MOTCHIMaJbHOW  SIMOHM C  aKTHBAallMOHHBIM  0apbepoM  pacmaja
Ecg = 4,3 xkan/Monb, Torga Kak Oapbep €ro MPOTOHHUPOBAHUS COCTABHJI JIOBOJHHO OOJBIIYHO BEIUYUHY
Epc=47,6 xkan/monb. JTa BeNTMUMHA aKTUBALIMOHHOTO Oapbepa B 5 pa3 MpeBBIIIACT TAKOBYIO [UISl TPOTOHH-
POBaHMS TPUITHUIIAMUHA KUCIIBIM CIIMHOBBIM 30HOM 3,6-IU-TPET.0yTHI-2-0KCU()EHOKCHUIIOM.
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a — ucxonHoe coctosuue (o = 0,96 A); 6 — nmepexonnoe cocrosuue (roy = 1,60 A);
6 — KOHeuHoe coctosHue (roy = 1,80 A)

Pucynok 5. I'eomeTpuueckue cTpyKTypsl COCTOSHUM mpoToautudeckoil cuctemsl I — GMP
no nanaeiM UHF 3-21G ab-initio pacueToB

Ha pucynkax 3 u 5 mpe/icTaBiieHbl 3JIEKTPOHHBIE CTPYKTYPhI UCXOJHBIX, TEPEXOTHBIX U KOHEYHBIX CO-
CTOSIHMH PEaKIMOHHBIX Map MPOTOIUTHYECKOTO TpoLecca, T.e. IPOTOHHOTO IepeHoca oOT 3,6-au-TpeT.0yTuii-
2-0KCU(EHOKCHUIIA K TPUITHIAMUHY U TEKCAMETAIONy COOTBETCTBEHHO, TIOJTYYCHHBIE TPadUIeCKUM JIpaiiBe-
pPOM KBaHTOBO-XMMHUYECKOH mporpamMmbl Gaussian-2009. DTu reoMeTpuiecKrHe CTPYKTYpPhl OTYETINBO JIe-
MOHCTPHUPYIOT, YTO €CJIM B TIEPBOU PEaKIIMOHHOW CMECH TPHATHIIAMHH TPUCOEINHSIET IPOTOH ¢ 00pa3oBaHH-
€M HMOHHOH mapbl TPUATHIAMMOHHUEBOTO KaTHOHA C CEMUXWHOHHBIM aHHOH-PAJMKAIOM, TO T€KCaMETarol,
KaK 3TO BHJHO W3 PUCYHKa 5, HE CIIOCOOEH MPHCOeNWHUTH K ceOe MpOTOH M 00pa3yeT ¢ CEeMHUXUHOHHBIM
CITHHOBBIM 30HJIOM ToJIbkO OmHapHBIH KBC MonekynspHoro tuma. JlaHHBIE pacdeTHBIE pe3yabTaThl COTJIa-
CYIOTCS C TIPOBEJCHHBEIMU HamH paHee DIIP-CrieKTpOCKOMMYEeCKHMMH UCCICAOBAHUAME ATHX PEaKIMOHHBIX
CHCTEM B TOJYOJBbHOH cpene (cM. puc. 16). ['ekcameTarnon He SBISETCS, B OTJIMYME OT LIEJIOYHBIX METAJIIOB
W aMUHOB, B YaCTHOCTH TPHATHIIAMHHA, XOPOIIUM 3JIEKTPOHOJIOHOPOM U HE CIOCOOEH 00pa30BBIBATh COOT-
BercTByroImue noHHble KBC co crabunbHbIM OkcrueHokcmioM |. MoKHO JHITh KOHCTAaTHPOBATh, YTO BTO-
pomy Herny6okomy MuauMyMy Ha ITI1D B cucteme 1 — GMP, npu oy = 1,80 A, Takxke Gyaer cooTseTcTBO-
BaTh MOJICKYJISIPHBIN, HO CHIbHO mosipu3zoBaHHbli KBC, KOTOpBIH sBiIsIeTCs yxKe apTehakToM HCIOJIb30-
BaHHOTO HAMHU PAaCYETHOTO KBAHTOBO-XHMHYECKOTO MOAX0/a.

Ha pucynke 6 npusenen npoduas [1110 MoaensHON peakiuy TPOTOHUPOBAHUS CEMUXHHOHHBIM pajiu-
KaJioM | MOJIeKyJIBI BOZBI, TIOMyUeHHBIH pacdeTHbIM MeTomoM UHF ab-initio KBaHTOBOXMMHYECKOTO IPO-
rpamMHoro makera Gaussian-2009 B 6asuce 3-21G. [Ipu npoBeaeHUH pacuyeToB (PUKCHPOBANIACh KOMILIA-
HApHOCTH TUIOCKOCTH TISITUYIICHHOTO XeNAaTHOTO MocTHKa okcudenokcmia HOCCO u aToma Kucioposa Mo-
JIEKYJBI BOJBI. J[JTMHA MEKMOIEKYISIPHOTO BOJAOPOIAHOTO MOCTHKA TaKke (PUKCHUPOBANACH MOCTOSHHON M
NPUHEMANACh PABHOH 110 BEIMYMHE PACcUeTHOMY 3HAaueHHIO Ropo = 2,63 A. B pacuerax ocymiecTBiszach
BapuaLys JUIMHBI CBS3M TMAPOKCHMIBLHON rpymnsl 1 ¢ marom A = 0,01A or paBHOBecHOro 3HaueHMS
ron = 0,96 A no BemmuuHsI 7o = 1,90 A.

Ha pucynke 6 npeacrasnens! npodwmu 1119 u 3apsaoBeie AMHAMUKHA HA aTOMaxX Peakluy MIPOTOHHOTO
nieperoca B cucteme I — H,O no manaeim UHF ab-initio pacderoB B 6a3uce 3—-21G. Kak BugHO B3 3TOTO pH-
CYHKa, peakus IPOTOHHOTO MepeHoca OT | kK MoJiekyiie BOJBI ABJISETCS SHIOTEPMUUIESCKAM MPOILIECCOM, UTO
CBSI3aHO TIPUMEPHO OJMHAKOBBIMH 3HAYEHUSAMH y OOOMX peareHTOB TEPMOAMHAMUYECKHX OCHOBHOCTEH
(pK, = 7). Termopoit 3pPeKT IHAOTCPMUICCKON MPAMOM PEAKIIMK IPOTOHUPOBAHMS MOJICKYJIBI BOJBI OKCH-
(heHOKCHIIOM, 110 YKa3aHHBIM PaCUETHBIM JaHHBIM, COCTaBIJI BenuunHy: AH = 6,5 Kkan/Moyb. AKTHBAIMOH-
HBIH Oapbep NpsSMON peakluy MPOTOHUPOBAHUS MOJIEKYJBI BOJBI MOTY4YMiICS paBHbIM: £; = 32,9 KKan/Moib.
CrnemyeT IOMHUTB, YTO JaHHAS pacdeTHast MOJENb HE YUUTHIBAET POJb BIUSHIUS )KUIKOM Cpelbl Ha KHHETH-
Ky ¥ TEpMOJUHAMHKY paccMaTpUBAaEMOU MPOTOIUTHUECKON PEaKITHH.

Ha pucynke 7 mpeacraBieHbl reoMeTpHYecKre KOH(UTYpallMd MCXOAHOTO M KOHEYHOT'O MPOAYKTOB,
00pa3yIOMUXCs TPU MEKMOJIEKYIIIPHON 00paTHMON pEakIiy MPOTOHHOTO TepeHoca B cucreme I — H,O,
a TaKKe aKTUBUPOBAHHOTO KOMIUIEKCA B 3TOM XHUMUYECKOM TPOIIECCE.
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R(O-H), A
0,7 0,9 1,1 1,3 1,5 1,7 1,9
T T T T T | 1!100
-763,82
E, a.e. aq
-763,83
- 0,600
-763,84
-763,85 L 0.100
-763,86
-763,87 - -0,400
-763,88
-763,89 - -0,900
-763,9
-763,91 -1,400

Pucynox 6. [Ipoduus I1I1D u 3apsioBble AMHAMUKY HA aTOMax B PEakLMH NIPOTOHHOTO MepeHoca
B cucteMme | — H,O no nanaeim UHF ab-initio pacueroB B 6azuce 3-21G

a — HUCXOOHOC COCTOSAHUC 6 — nepexXoaHOC COCTOAHUC 6 — KOHCYHOC COCTOsIHHE

Pucynok 7. I'eomeTpudaeckne KOHQUTYPAITUH COCTOSIHUI TIPOTOTUTHICCKON peaKIiiu
MEXIy OKCHU(PEHOKCIIIOM | 1 MONEKyYII0i BOIBI

Ha pucynkax 7a u 76 moka3zaHbl TEOMETPUIECKHE CTPOCHUS MCXOIHOTO U KOHEYHOTO MPOIYKTOB MPO-
TOJUTHYCCKONW pEaKINK, KOTOPBIC XapaKTePU3YIOTCs BemmunHaMu pagukansHoit OH-cBsizeit B8 KBC, paBHBI-
MH COOTBETCTBEHHO: Fop = 0,99 1 1,65 A. PucyHOK 76 oTpa)kaeT CTpOEHHE MEePeX0THOr0 COCTOSHHS C BEIH-
yuHoit OH-cBsi3u B KBC, paBHoi oy = 1,65 A. U3 pUCYHKa 7 MOXHO 3aMeTuTh, 4To B cucteMe | — H,O Tak
xe, Kak U B cMecu | — GMP, He peructpupyercs MpoTOHHPOBAaHHAsS CTPYKTYypa TUAMArHUTHOTO OCHOBAHHS H
MPOIIECC MPUCOESTMHEHUS MTPOTOHA MOJIEKYION BOABI COMMPOBOXKIAETCS CHHXPOHHBIM TIepEMEIIEHUEM OTHOTO
13 €€ aTOMOB K paJIMKaIbHOMY IICHTPY 3,6-nu-TpeT.OyTui-2-okcudenokcmna. Caeayer OTMETHTh, YTO TaKOe
MPOTEKaHUe MpoIiecca MPOTOHUPOBAHUS MOJIEKYIIBI BOJBI OKCUPATUKAIOM Ha MPAKTUKE MOXKET MPOSBISTHCS
B KaTajiu3e BOJOPOAOTPONHH B | Wiy B MI3MEHEHUH OPUEHTAINH CITMHA THAPOKCHIBHOTO TIPOTOHA paguKaa,
T.€. MPOTEKAHUE YKE MEKMOJICKYIIPHON peaKIMy MPOTOHHOTO 00MEHa MEXY YKa3aHHBIMH PEaKIMOHHBIMH
naptaepamu. ClielyeT OTMETUTh, YTO NOI00HAs peakIis OBICTPOTO MPOTOHHOTO OOMEHa MEX]Ty CITMHOBBIM
30HIOM | ¥ TOMYONBHBIM PacTBOPOM BOJIBI ObUIa panee HaMu DI1P-crieKTpocKOMMUecKH n3ydeHa U Mmokasa-
HO, YTO BOJa OOMCHHMBACTCS IMPOTOHOM C 3,6-TU-TPeT.0yTHII-2-OKCU(EHOKCHIIOM C YICIBHONH CKOPOCTBIO
kosu(293 K) = 6,1-10° 1/monb-c [8]. TIpu3HAKOB yCKOpEHHs BHYTPHMOIEKYIAPHOH TayTomMepuu B 1 mon
BIUSTHIEM MOJIEKYJ BOJBI CIIEKTPAIBHO OOHAPYKEHO HE OBLIO.
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B T0 e Bpemsi, ecu Ob1 Bosia 06mamana Obl 00siee BRICOKOH TEPMOJAMHAMUYECKON KUCIOTHOCTEIO, YEM
3,6-1u-TpeT.0yTrI-2-0KCH(EHOKCHII, TO OHA MoIjia Obl caMa MPOTOHUPOBATH I, KOTOPBIKA 00JadaeT TaKkKe
HECKOJBKHUMH PEAKIIMOHHBIMU IIEHTPAMH TI0 KOOPJMHAIIMH YYy>KOT0 KUCIIoro nporoHa. Ha pucynke 8 npe-
CTaBJICHA Cynepro3ulys criektpoB DIIP mapaMarHUTHBIX YacTHII, IOMYYCHHAS TIPH PacTBOpeHUU | B TOIy-
OJIHOM CMECH BOBI ¢ TeTparuapodypanom [9].

10,0 H»
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I | L

Pucynok 8. Cynepmnosurus ciektpoB OIP pazmuansix Tunos KBC I ¢ Bomoi,
perucTpupyemMasi B CMecH TeTparuapodypana ¢ TOIyJIoM, pu TemrepaTtype 233 K

KBaHTOBOXUMHUYECKH HAMU OBLIO MMOKA3aHO, YTO KOOPIMHAIUS MOJIEKYIIBI BOJIBI 0 aTOMaM KHCJIOpOJa
I ¢ obpazoBannem OumonekyasapHsix KBC THITa #—0 HE BHOCHUT 3aMETHBIX BO3MYIIECHHH B pacIpeaeiicHue
CIHMHOBOH IUIOTHOCTH B 3,6-IH-TpeT.OyTmii-2-okcudpeHokcmne. OnHaKo MPOTOHUPOBAHUE MOCIETHErO IO
paguKaTbHOMY LIEHTPY NMPUBOAUT K cymecTBeHHBIM m3MeHeHusM B CTC ero cnekrpa JIIP. Ha pucynke 8
MpeICTaBIeHO HaJoxeHue crekTpoB DIIP nByx THIIOB mapaMarHUTHBIX YacTHIl, OJWH U3 KOTOPBIX OMHCAaH
Bhiie u oTHocutcs K KBC I ¢ MosnekynaMu BoAbI #—GC THIA, a BTOPOH COOTBETCTBYET CTPYKTYpE MPOTOHHU-
POBaHHOTO BOJIOW IO paJuKaIbHOMY LIEHTPY I, T.e. KaTHOH-panukany 3,6-1u-TpeT.0yTHiI-2-OKCU(EHOKCHIIA,
crenu(UIecKy CTaOUIN3UPOBAHHOMY B pacTBOpe Mojiekyaamu TI'D [9].

AHanu3 3apsi0BOM IMHAMHUKM Ha PENepHBIX aromax peakiuoHHoW mapel I —H,O mokassiBaeT, 4To
aTOMBl KHCJOpOJa paJuKana MPEeTEepreBaloT 3aMETHYIO MOJSIPU3ALMI0 TPH BOJOPOJOTPONHHU, TOT/AA Kak
MUTPHUPYIONIHIA aTOM BOJIOPOJIA U ATOMBI MOJIEKYJIBI BOJIbI HE UCTILITHIBAIOT TIOAOOHOTO 3 deKTa.
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3,6-In-TpeT.0yTHII-2-0KCHPEHOKCHIIMEH dP TYPJIi MOJIEKYIAJTAPIABIH
NPOTOHUPJIEY peaKlusi MEXaHU3MiH KBAHTTHIXMMMSJIBIK 3epPTTey

Gaussian—2009 ab-initio — ecentey TeXHOJIOTHACHI OaFaapiamMachl KOJJaHbUIbII, Ka3ipri 3aMaHFbl KBAHTThI-
XAMISUTBIK SICTICH TOKIpUOENiK HOTHKENepai TEOPHSUIBIK MHTEPIpPEeTalsuIay MYMKIHIIr JKy3ere acthl.
CoHBIMEH KaTap CEMHXHUHOHIBI | paanMKaigblH TPUITHIAMUHIE, CYMEH JXKOHE TeKCaMEeTarloJIMeH Ty3/IbI
eHimMzep Ty3ity peakumschl apkpuibl UHF 3-21G omiciH SMIUpHKAbIK €MeC ecenTey HoTIKeepi
KeNTipiIrex.

A.S.Masalimov, E.M.Yergaliyeva, A.A.Tur, R.R.Rakhimov, A.l.Prokofiev

Quantum-chemical investigation of the protonation reaction mechanism
of different molecules by 3,6-di-tert.butyl-2-oxyphenoxyl

Theoretical interpretation of the experimental data was carried out by methods of modern quantum chemistry,
in particular with the application of ab-initio calculations of software package Gaussian-2009 (Pittsburgh,
USA). The results of ab-initio calculations in unrestricted Hartree-Fock approximation are given with using
the basis set 3-21G profiles of PES intermolecular proton transfer reaction from semiquinone radical I to
triethylamine, and the reactions of salt products with hexametapol and water.
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Thermodynamic modeling of interaction of aluminous ashes with carbonates

There was obtained the equilibrium phase composition for systems of mullite-sodium carbonate-calcium car-
bonate, sillimanite-sodium carbonate-calcium carbonate, ash-sodium carbonate-calcium carbonate at different
variations of relations of Na,0/Al,03, CaO/Si0O,, CaO/Al,05. The optimal temperature range for the interac-
tion of aluminous ashes with carbonates was determined.

Key words: sintering products, aluminous ashes, mullite, sillimanite, nepheline, gehlenite, tricalcium alumi-
nate, tricalcium silicate, tricalcium aluminum silicate.

The urgency of solving the problem of ash processing forming at combustion of coal in thermal power
plants increases due to the continuing pace of consumption of coal and increase of the proportion of low-
grade coal in the overall balance of coal mining. Ashes of thermal power plants are complex materials by
their composition. They are characterized by high content of alumina (24-35 %) and silica (55-60 %), rela-
tively low content of iron and calcium oxides. They may relate to the aluminous type. Aluminium oxide is
combined to form mullite (3A1,05-2Si0,) and partially to form sillimanite (Al,O3-Si0,) according to X-ray
and crystal optic analysis.

Thermodynamic analysis of systems, modeling the sintering of alumina ashes of thermal power plants
with sodium and calcium carbonates, was performed using computer software and the automated system of
thermodynamic data and calculations of equilibrium states «ASTC» [1, 2].

The task of the thermodynamic analysis was to determine the equilibrium parameters of the system. The
conditions of optimization of the future technological process were determined by varying the conditions of
the initial state of the thermodynamic system (the content of chemical elements and the values of two speci-
fied characteristics).

The automated system of thermodynamic data and calculations of equilibrium states «ASTC» is based
on the principle of maximum entropy of an isolated thermodynamic system that has a number of advantages
in a logical, methodological and practical level compared to other methods of calculating the equilibrium
states, in particular, to the method based on the law of mass action which makes it necessary to use values of
equilibrium constants of chemical reactions in calculations [3, 4].

The Lagrangian function is used to solve the problem of finding the extreme thermodynamic entropy in
relation to the degree of freedom which includes the concentration of the equilibrium mixture components,
temperature and pressure. Certain restrictions were imposed at finding extreme values on the unknowns. The
resulting system of equations is solved using the Newton's method which is the method of successive ap-
proximations.

The algorithm provides for the formation of the software design of the system of equations and, there-
fore, allows the calculation of equilibrium for an arbitrary set of chemical elements and components forming
the system. The mathematical model is built for complex multi-component systems which include individual
gas and condensed chemicals and their solutions. The initial content of chemical elements and the numerical
value of the two thermodynamic parameters were given to characterize the equilibrium state of the system
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studied. An isolated or a closed system in which a balance is achieved through the internal phase and chemi-
cal transformations is considered to find the extremum of entropy. Mechanical and energy balance with the
environment is presupposed to be reached. It is assumed that the system under study is heterogeneous, con-
sisting of several homogeneous parts of certain visible boundaries. Thus all individual gaseous substances
are in the same gas phase and condensed material may form a separate phase and the condensed solution.
Number of condensed solutions is limited to two, so as not to complicate the algorithm.

Database of the thermodynamic data of substances properties of the «ASTC» program whose formation
is possible in the system under the specified conditions is used to obtain the results.

There were calculated the equilibrium parameters and the equilibrium phase composition of systems
with different molar ratios of Na,O/Al,05 and CaO/Al,O5:

1) 3A1203'2Si02—N32CO3—CaCO3;

2) A1203 . SiOszazCOrCaCO}

The calculations are performed in the temperature range 473—1673 K at 1 atm pressure. Thermodynam-
ic data for the calculations are taken from reference books.

The initial composition of the systems is shown in the Table 1.

Table 1
The initial phase composition
Number of composition The components content, %
i AlLLO; Si0, Na,CO; CaCO;
1 26.75 10.49 27.80 34.96
14.01 16.48 14.56 54.94

Initial concentrations of sodium carbonate and calcium carbonate correspond to stoichiometric quanti-

ties of aluminosilicates decomposition according to the reactions:
3A1,0;-2810, + 3Na,CO; + 4CaCO; — 3(Na,O-Al,O;) + 2(2Ca0-Si0,) + 7CO,1
Al,05-S10, + Na,CO; + 2CaCO; — Na,O-AL,O; + 2Ca0-SiO, + 3CO,1

It was interesting to obtain the thermodynamic characteristics of mullite heating in the absence of sodi-
um and calcium carbonates. The results of the thermodynamic analysis of the process of the mullite heating
are given in Fig. 1. Consideration of the results is showed that two phases Al,O; and Al,0;-SiO, are at equi-
librium in the temperature range 573—1173 K. At temperatures above 1173 K mullite is formed which is
thermodynamically stable compound.

—e— Al203*Si02
—8—AI203
——3AI1203*2Si02

0 1 1 J
500 1000 1500 2000

Figure 1. The phase composition of mullite thermal heating
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The data on the thermodynamic modeling of the system 1 are shown by the values of the equilibrium
phase composition (Fig. 2). From figure 2 it follows that in this system in the temperature range 673-973 K
mullite reacts with sodium carbonate to form NaAlSiO,.

6 -

> T —e—(CaCo3

l ——Na2(c03
——Na20*AI203*25i02

3t —<—2Ca0*AI203*Si02
—+—Na20*AI203

2T —e—2(a0*Si02

Ll ——3Ca0*AI203

0 . . .

500 700 900 1100 1300 1500 1700 1900

Figure 2. The dependence of the equilibrium phase composition of mullite-sodium-calcium carbonate
from the sintering temperature

Such conversion is explained by features of the crystal structure of mullite which is close to the struc-
ture of sillimanite. The structure is paired chains [Si0,0s]., where Si*" ion partially substituted for isomor-
phic aluminum ion AI*". In turn, mullite has an aluminum ion as six-[A10g], and fourfold-[AlO,] coordina-
tion on oxygen. The lattice of mullite is constructed of [AlQ,], [AlO¢] groups and [SiO4] island groups. The
structural formula of mullite is as follows Al,'O5[A1VSi,0s], or Al, ' [A1"(Si,A1')O5] [5].

There are voids with radius 0.67 nm in the lattice of mullite. The ions of the smaller and close ionic ra-
dius (Ca®" u Na") can penetrate in to the voids, resulting in destruction of the lattice and formation of mullite
and nepheline at a temperature below 673 K by reacting with sodium carbonate.

When the sintering temperature is increased up to 773 K nepheline interacts with calcium carbonate to
form gehlenite (2Ca0O-Al,O;-Si0,) by reacting:

NaQO‘A1203'Si02 + 4C3CO3 g 2C30A1203SIOQ + anOSIOz + NazCO3 + 3C02T

Gehlenite which is stable in the temperature range 873—1073 K is fully decomposed with sodium car-
bonate at 1173 K with the formation of the main products such as sodium aluminate and dicalcium silicate
according to the reaction:

2C30A1203SIOQ + N32CO3 — NaZO'A1203 + 2Ca08102 + 3C02T

There is a wide region of stability of sodium aluminate and dicalcium silicate from 1173 to 1573 K.
When the temperature rises to 1673 K staple sintering products interact to form secondary phases such as
tricalcium aluminate (3Ca0O-Al,O;) and nepheline (NaAlISiO,4). Occurrence in equilibrium sinter of sintering
byproducts leads to reduction of sodium aluminate phase which is soluble in an alkaline solution. Conse-
quently, the sintering byproducts formation is undesired because aluminum oxide is hardly to be isolated by
leaching as evidenced by the paper [6], in which the author indicates a significant reduction in the degree of
extraction of alumina by leaching with soda alkaline solutions, in case the sintering process of high silicon-
containing aluminum containing raw materials by soda and limestone is carried out at high temperatures
1573-1698 K.

The results of thermodynamic simulation of system 2 are shown in Figure 3. It shows the equilibrium
phase composition. Processes occurring during sintering sillimanite with sodium and calcium carbonate are
similar to the described above for mullite. Basic products of sintering which are dicalcium aluminate and
sodium silicate are produced at 1073 K. They are stable in the temperature range of 1173—-1573 K. At 1673,
1773 K dicalcium aluminate interacts with sodium silicate to form nepheline, tricalcium aluminate and a new
phase sodium silicate (Na,O-Si0,).
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Figure 3. The dependence of the equilibrium phase composition
of the sillimanite-sodium carbonate-calcium carbonate system on the sintering temperature

It was calculated the initial phase composition of the model system with molar ratios of
Na,0/Al,0; = 0.7-1.0, Ca0/SiO, =2, Ca0O/Al,03; = 1-0.3, CaO/Fe,0; =1 based on the chemical composi-
tion of coal ash (24.77 % Al,03, 49.4 % SiO,, 7.34 % Fe,0;, 1.58 % CaO).

The equilibrium phase composition of the system ash — sodium carbonate — calcium carbonate were
calculated in the temperature range 573—-1673 K at a pressure of 1 atm and variations of the initial composi-
tion of the system. The initial composition is shown in the Table 2.

Table 2
The initial composition of the system ash — sodium carbonate — calcium carbonate
No. of Molar relation Molar relation Content of the components, mass, %
composition Na,O/Al,O; CaO/Al,O4 Al O3 Si0, Fe,O; CaO CaCO; | Na,COs
1 1.00 - 8.89 17.72 2.63 0.57 60.93 9.25
2 0.90 0.10 8.89 17.74 2.63 0.57 62.76 7.41
3 0.80 0.20 8.85 17.56 2.61 0.56 63.01 6.42
4 0.70 0.30 8.81 17.56 2.61 0.56 63.39 5.10

Making calculations it was taken into account the formation of these condensed phases:
2Ca0-Al,05-S10,, 3Ca0-Fe,0;:2810,, 3Ca0-2Si0,, Na,0-Si0,, Ca0-Al,05-2Si0,, CaO-Al,O;,
3Ca0-ALLO;, CaO-Si0,, 2Ca0-Si0,, CaO-Fe,0;, 2Ca0O-Fe,0;  Na,O-Fe,O;, Na,O-ALOs,
Na,O-Al,05-2S10,. The gaseous components included are as follows CO,, CO, O,, O, Na, Na,O, NaO, SiO,,
AlO, Al,O.
Initial concentrations of sodium and calcium carbonate correspond to stoichiometric reactions:
Composition 1.
3A12032 SlOz + FCQO3 + 3N32CO3 + 5C3CO3 —
— 3(Na,0-AlL03) + 2(2Ca0-Si0,) + Ca0-Fe,05 + 8CO,1
Composition 2-5.
3A120328102 + F€203 + 2N32CO3 + 6C3CO3 —
— 2(Na,O-Al,O3) + 2(2Ca0-Si0,) + CaO-Al,O; + CaO-Fe,0; + 8CO, 1

Figure 4 (a, b) shows the equilibrium phase composition of the system: ash — sodium carbonate — calci-
um carbonate in a molar ratio Na,O/Al,0; = 1, CaO/Al,O; = 2, CaO/Fe,O5 = 1.
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Figure 4. The dependence of the content of main products (a) and byproducts
of sintering of the system 1 at Na,O/Al,O; = 1 from the sintering temperature

We can see from these data that nepheline (Na,O-Al,03-2Si0,) is formed at 573 K in the interaction of
mullite with sodium and calcium carbonate. Calcium silicate (CaO-SiQ,) is formed alongside with nepheline.
Tricalcium silicate (3Ca0-2Si0,) is formed by further interaction of CaCO; with CaO-SiO,. Monocalcium
and tricalcium silicates are absent at 873 K.

At 573-773 K soda reacts with silica to form sodium silicate which gives an alumina polybasic sodium
aluminosilicate at a slight increase in temperature:

NaQO‘A1203 + A1203 — 2NazOAle328102

The last one at further heating reacts with alumina to form sodium aluminum silicate and sodium alu-

minate:
2N320A120328102 + A1203 — N320A120328102 + Nazo‘A1203

At 973 K the reaction proceeds between nepheline and calcium carbonate to give gehlenite
(2Ca0-Al,05°Si0,) and release sodium carbonate in a separate phase which is in equilibrium prior to
1073 K. Besides, at this temperature calcium ferrite is formed (CaO-Fe,0;).
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Double iron and calcium silicate (3Ca0O-Fe,05-2S10,) is an intermediate compound formed. Double
calcium and iron silicate is stable in the range of 573-873 K but it decomposes at 973 K by reacting with
calcium carbonate by the reaction:

3Ca0-Fe,05-2810, + 2CaCO; — Ca0-Fe,05 + 2(2Ca0-Si0,) + 2CO, 1

Calcium ferrite is a stable compound from 973 to 1673 K. As can be seen from figure 4a one of the
main reaction products dicalcium silicate is formed at 973 K and sodium aluminate is formed at 1173 K by
the reaction:

2Ca0-Al,0;-Si0; + Na,CO; — Na,0-AlL,0; + 2Ca0-SiO, + 2CO,1

The equilibrium phase composition of sintering product is presented only by sodium aluminate,
dicalcium silicate and calcium ferrite in the range of 1173—1573 K. Sodium silicate, tricalcium aluminate and
nepheline are formed with increasing temperature up to 1673 K. Al,O; does not pass in to the solution by
further soda-alkali leaching of these products.

The resulting calculation of the equilibrium phase composition of the system is confirmed by the results
of X-ray analysis of ash cakes with sodium and calcium carbonate. The main phase of the cake according to
the X-ray diffraction at 873 K is calcite (CaCO;) and nepheline (Na,O-Al,0;-2Si0,), calcite, gehlenite,
dicalcium silicate at 973 K, dicalcium silicate, sodium aluminate, at 1073 K, sodium aluminate
(Na,O-Al0O3), B-dicalcium silicate (2Ca0O-Si0,) at 1573 K.

The identity of the experimental and predicted by thermodynamic model phase compositions confirms
the conclusions of the thermodynamic analysis of the formation of intermediate compounds
Na,0-Al,0;:2810,, 2Ca0-Al,05-Si0, in the temperature range 873—1273 K, the main products of sintering
Na,O-ALLOs, 2Ca0-Si0, in the temperature range 1173—1573 K and byproducts 3CaO-Al,0O3, Na,O-SiO,,
Na,O-Al,0;-2810, at 1673 K in the interaction of aluminum ash containing sodium and calcium carbonates.

The equilibrium phase compositions (formulations 2—4) in a molar ratio Na,O/Al,O; = 0.90-0.70 were
calculated. At reducing Na,O/Al,0; molar ratio from 0.90 to 0.70 increase of CaCO; content was calculated
accordingly to the total binding of aluminate in an aluminum sintering product to form sodium and calcium
aluminate.

With increasing content of calcium carbonate in the initial phase composition amount of sodium alumi-
nate formed decreases at Na,O/Al,O; = 1.00 from 1.70 mol/kg to 1.60 mol/kg at Na,O/Al,O; = 0.9. At the
same time a new phase calcium aluminate (CaO-AlQO;) is formed which is stable at 973—-1173 K. Calcium
aluminate transforms into tricalcium aluminate (3CaO-Al,Os) at 1273 K.

Tricalcium aluminate is sparingly soluble in sodium carbonate solution in the leaching process, and dur-
ing its formation degree of leaching will be reduced in the equilibrium phase composition, so the formation
of its is undesirable. Amount of dicalcium silicate decreases from 2.95 mol’kg Na,O/Al,Os;=1 to
2.45 mol/kg Na,0/Al,05 = 0.9.

In thermodynamic analysis of the composition 2 amount of nepheline decreases accordingly from
1.8 mol/kg to 1.6 mol/kg at 573 to 873 K as the amount of sodium carbonate was introduced less than one.

With further decrease in the amount of sodium carbonate in the initial phase 3 amount of sodium alumi-
nate is reduced to 1.45 mol/kg. At the same time the temperature range of stability of sodium aluminate
(973—-1473 K) is increased in an equilibrium process of interaction (Fig. 5a, b). Tricalcium aluminum silicate
(3Ca0-Al,05-S10,) forms at 573 K. It transforms into calcium aluminate at 973 K.

Phase composition of the system 4 compared with the composition 3 is not significantly changed, but
the amount of the main reaction product sodium aluminate decreases to get the value 1.25 mol/kg, the con-
tent of dicalcium silicate remains constant.

In contrast to the composition 1 the condensed phase of nepheline is missing in phase compositions 2—4
at 1573 1673 K. Calcium ferrite content remains unchanged; for all compositions it is 0.15 mol/kg.

The results of thermodynamic calculations of the interaction of ash with sodium and calcium carbonate
showed that the main factors affecting the equilibrium phase composition of the reaction products are the
temperature and the content of sodium and calcium carbonates in the studied system.
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Figure 5. Dependence of the major (a) and side (b) sintering products of system 3
at NayO/Al,O; = 0.8 from the sintering temperature

Data of thermodynamic analysis of the system ash — sodium carbonate — calcium carbonate (formula-
tions 1-4) allowed determining the optimal temperature range interactions which is amounted to 1173—
1573 K.
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P.K.Cotuenko

AJIIOMUHMH KYJIHIH KapOOHATTAPMEH dpPeKeTTeCyiH
TEePMOANHAMHUKAJIBIK MO/IeJIb/Iey

Na,0/ALO;, Ca0/Si0,, CaO/Al,O5 op Typii BapHanMsUIBIK KAaTBIHAC Ke3iHJe OOJaThIH MYIUIMT — HAaTPUH
KapOOHAaT — KaJublMi KapOOHATHI, CHJUIMMAHUT — HATpUM KapOOHAT — KalubIUH KapOOHAThI, KYJ — HATpuil
KapOOHAT — KayblKil KapOOHATHI XKYieciHiH (a3ajblK Tene-TeHIiK KypaMbl anbiHabl. Ca3 OaIbIKTh KYJIIiH
KapOOHATTapMEH dPEKETTECY e OHTAMIIBI TEMIIEPaTyPaJIbIK apaJIbIK aHBIKTAJIBI.

P.K.Cotuenko

TepMoauHaMHU4YeCKOe MOACJTUPOBAHNE B3aMMOACHCTBUA
AJTIOMMHHUHCOAEPKALIMUX 301 ¢ KApOOHATAMH

Tosydens! paBHOBECHBIE (PAa30BbIe COCTABBI CHCTEM MYJUIMT — KapOOHAT HATPUsl — KapOOHAT KaJbIIUs, CHII-
JMMaHUT — KapOOHAT HATpUsT — KapOOHAT KaIbIMs, 3074 — KapOOHAT HATPUsl — KapOOHAT KaJBIUS MPU pas-
JUYHBIX Bapuauusx cootHouenuid Na,O/Al,03, Ca0/Si0,, CaO/Al,O;. OnpeseneH ONTUMAIBHBIA TeMiepa-
TYPHBIN HHTEPBAIl B3aMMOACHCTBHS TIIHHO3EMHUCTBIX 3071 C KapOOoHaTaMu.
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XUMUANDBIK TEXHOJIOMNA XXOHE 3KOJIOIMMA
XUMUYECKAA TEXHOJIOTNA U 3KONOIuns

YIK 662.743

M.I".Meiipamos, B.A.Xpymos, A.T.Opnabaesa, P.K.bakuposa

TOO «Hncmumym opeanuuecxkozo cunmesa u yerexumuu PK», Kapaeanoa
(E-mail: majit_ m@mail.ru)

Bausinue )Ke.ﬂe:;ocy.an)nzmoro KaTa/jin3aTopa, HAHECEHHOI'0 Ha YFOJIBHbIﬁ COpﬁEHT,
Ha BBIXOA JIEFTKUX NMPOAYKTOB B IIPOLIECCE MUPOJIN3A YIJIsA

B cTaTtbe noka3aHo, 4TO METOJIOM IIPSMOI aKTHBAIMHU TONy4eH COPOEHT 13 MIy6apKOJIBCKOTO yIJIsi, Ha KOTO-
prIit GbuTa HaHeceHa KaTtanuTHueckas nodaska (FeS). [IpoBexneHo mcciiemoBaHMe mporiecca MUPONIN3a YIiis
npu Temreparype 600 °C ¢ karanmurnaeckoit nodaskoit (FeS) n 6e3 kaTanmmzaropa. YcTaHOBIEHO, YTO B IIPH-
CYTCTBHU KaTaJUTHUECKON T0OABKH yBEINUMBACTCS COJIEPIKAHUE JIETKHX IIPOAYKTOB B XKHUIKOH (ase.

Kniouesvie crosa: yromnb, IpsiMasi akTHBAIMS, KaTAIUTHYECKas J00AaBKa, CEICKTUBHOE THAPUPOBAHNE, JICTKHE
MPOYKTHIL.

K ocHOBHBIM MeTo/1aM 1epepabOTKU YIIIsi OTHOCSTCS MPOIECCHI MAPOIN3a, Ta3u(UKAIMN U TUAPOTCHU-
3anuu. Karanutuueckas mepepaboTKa yriis BKIIOYAET JIBE OCHOBHBIC IPYIITbI MeTOZI0B. OJlHA M3 HUX Xapak-
TEPHU3YETCS KaTAIUTUICCKIMHU MPEBPANICHUSIMHA HA TPaHUIIE paszieia a3 MOBEPXHOCTh YIS — KaTalu3aTop,
Jpyrasi OTIMYAeTCs TEM, YTO KATaIMTUYECKUE MPEBPAIICHUS YIS MPOUCXOMAT MO0 MEXaHU3MY OIMOCPEo-
BaHHOTO KaTain3a, IyTeM Iepeaqu JCHCTBUS KaTallu3aTopa Yepe3 KHUJIKUE WIH Ta3000pa3Hble KOMIOHEHTHI
PEaKIMOHHOM CpeJibl.

[IpsiMoe O¥KEHUE YISt BISIETCS OJHUM M3 CaMbIX 3(()EKTUBHBIX METOJIOB IS IIEPEPaOOTKU B KH/I-
KO€ TOIUTMBO. Ba)kHy0 poiib B JECTPYKIIMH ¥ THIPOHACHIIICHUN 00pa3yromuxcsi pparMeHToB urpaer kara-
mu3atop. Cpenn MHOXKECTBA KaTalu3aTOPOB, BKIFOUYAIONINX TAKHE METaJUIbI, KaK KOOAIbT, MOJUO/ICH, HU-
KeIlb, IIUHK, JKEeJIe30 U T.JI., 0c000e BHUMAaHKE 3aClTy’)KUBAIOT KaTalu3aTOPhl Ha OCHOBE JKeJie3a Oiaromaps ux
BBICOKOM aKTMBHOCTH, HU3KOM CTOMMOCTH M DKOJIOTHYECKOM 0€30IMacHOCTH.

U3BecTHO, YTO aKTHBHOCTH KaTajJM3aTopa yBEIMYUBACTCS C YMECHBIIICHUEM pa3Mepa YacTHIl, B CBS3H C
4yeM OOJIBIIIOC BHUMAaHUE YJENSCTCS TOMY, KaK YMEHBIIUTh pa3Mep M YIYUIIUTh AUCIEPCHOCTH JKEIe30C0-
JIEpIKaIUX KaTanu3aTopoB. Takue KaTtanm3aTopbl MOTYT HCIIOJIB30BATHCSA KaK OJHOPA30OBEIC, TaK U B IIPO-
TOYHBIX yCTaHOBKaX. /[l YMEHBIIIEHUS pacxoJia KaTaIUTHIECKON JO0aBKH €€ HaHOCAT Ha COPOEHTHI THMa
CWJIMKAreJsi, OKCHJa aTroMUHHUS, akTUBHOTO yriist (AY) u ap. [Ipu 3ToM MHOTOKPaTHO YBEITUYHUBACTCS ILIO-
a/1b TOBEPXHOCTH aKTUBHOTO BEIECTBA M, CJCIOBATEIILHO, TUIOIIAh KOHTAKTA C HCXOIHBIMUA UHTPEIUCH-
tamiu. [loryuenne HeOporux, 00IaJarONMX BEICOKOW aKTHBHOCTHIO KATATU3aTOPOB SBISETCS OJJHOM U3 OC-
HOBHBIX 33J1a4 COBPEMEHHOH YTIeXHUMUH.

Lenpio paboTHI SBISETCS CO3/IaHUE HEAOPOTHX KAaTaIM3aTOPOB, CIIOCOOHBIX K CEIIEKTUBHOMY THUAPUPO-
BaHUIO JOHOPOB BOJIOPO/IA, YIACTBYIONIHMX B MPOIeccaX XUMHUUECKON TIepepaboTKU YIiisl.

B kadectBe HocuTens JUIA KaTauu3aropa HaMH ObUI UCIIONB30BaH COPOCHT, MONYYCHHBIA W3 YIS
[1Iy6apKOIBCKOro MECTOPOKICHHUS CO CISAYIONMMHI (GH3UKO-XUMHUECKIMH XapakTepucTukamu (%): A% —
3-5; S¥ — 0,3-0,44; V' — 43,0-454; C — 73,6-76,9; H — 5,35-5,8, dpakumst 1-4 mMm. Bricokoe co-
Jep KaHue JICTYIHX COCJMHEHHI 3TOTO YISl MPU Hajuiexaiield o0padoTke JOIKHO 00eCreunBaTh BHICOKYIO
MMOPUCTOCTh POIYKTA.

Knaccudeckas cxema momydeHust AY COCTOUT U3 IBYyX CTaauil — KapOoHU3anuu u aktuanuu. Kapoo-
HU3AIMS yTIePOACOIEPIKAIIET0 CHIPhs OOBITHO MTPOBOAUTCS IpH Temmeparypax ot 500 mo 650 °C. IIpuHrumn
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aKTHUBHPOBAHMsI COCTOUT B TOM, YTO YIJIEPOACOACP KNI MaTepHall MOJBEPraeTcsl CEJIEKTUBHON TepMUYe-
CKOil 00paboTKe B COOTBETCTBYIOLINX YCIOBHAX, B PE3ybTaTe KOTOPOH 00pa3yrOTCsl MHOTOYHCIICHHBIE T0-
PBL, IENH ¥ TPEIIMHBI U YBEIMYHBACTCA IUIONMIAAb TOBEPXHOCTH MOP Ha €AWHHUIYy Macchl. B TexHmKe uc-
MOJIB3YIOTCS. XMMUYECKUE W Mapora3oBble CHOCOOBI akKTUBUpPOBaHUS. sl aKTUBHPOBaHMS Ta3aMu OOBIYHO
HCIIONTB3YIOTCSI KACIOPO BO3yXa, BOMSHOM Mmap M MTUOKcHI yriepona mpu temmeparype 800—1000 °C, nmpu
ATOM MOYKHO MMOJIy4daTh AY ¢ 3aJaHHBIMHA CBOHCTBaMU.

C ucnonb3oBaHUEM TPAAWLHMOHHBIX METOAOB (OpoOieHUe, KBapTOBaHHE, (PpaKIOHUPOBAHUE, CYIIKa,
oIpeneNicHHe 30JIbHOCTH U BIaXHOCTH) MPOBECHA MOArOTOBKa HeoOXxoxmmoro konuuectBa yris LlyGap-
KOJIBCKOTO MECTOPOKIACHHS C pa3MepoM dacTull 1—4 MM [Tl ToCIeayromei akTHBAIINY 1 HAHECEHUs Ha TI0-
JYYCHHBIN YTOJBHBIA COPOCHT HUKEIb- U JKENIe30CyIb(OUIHBIX KATATUTHUECKUX JT0OABOK.

B mocnenHue TOABI B IPOMBIIUICHHOCTH MPUMEHSIETCS METOJ NMPSIMOIN aKTHBallMUd KaMCHHBIX YTIICH,
MIPH KOTOPOM HCKITIOYaeTcs craaus kapooHumsamun. [Ipr 5ToM HEKOTOpOe CHIDKEHHE Ka4eCTBa MOTy4aeMOro
copOeHTa KOMIIEHCHPYETCS 3aTpaTaMH Ha €Tro MPOU3BOJCTRO.

Hamu npoBeneHa akTuBaLusi HCXOIHOTO YIS, IPU KOTOPOH MpOIecC MPOTEKAeT MPaKTHYECKH B OAHY
craguio. Cieayer OTMETHUTD, YTO AaHHBIA MeTo] 00Jiee MPUTOIeH I YCTAHOBOK HUKIMYECKOTO TUTIA.

C nenpio onpeneieHns ONTHUMAJIbHBIX YCIOBUI MOITYYEHHS YTOJNBHOTO COPOEHTa B YCIOBHUAX MPSMON
aKTUBAIUH, ChIphe BRICYIIMBaANM Ipu TemnepaType 120 °C B Tedenue 3 4 u 3arpyxanu 150 r B peakTop H,
MocJje MOAKIIOYECHHUS BCEX CUCTEM, BKIIOYaIM HarpeB meud. [lo mocTwkeHnn TeMneparypsl BHYTPH pPeakTo-
pa 800 °C B peakTop mogaeTcs map M3 maporeHeparopa B TeUeHHE 1—2 9, IPU dTOM OTXOJSIINE JICTydHe Be-
IecTBa KOHACHCHUPOBAINCH B NMPUEMHON KOJOE, OXJIaXKIaeMOi BOJIOH, a oOpasyromuecs ras3bl yAaJsuInCh
C Tapom.

ITo okoHYaHWW BpeMEHHW aKTHBAIMH HArpeB U Moady Mapa MpeKpaiiai, Mph JOCTHKEHUH TeMIlepa-
Typsl peakTopa 300—400 °C meus ommyckaiy U JaBaly peaKTOPy OCTHITH 0 KOMHATHOH Temmeparypsl. Ilocie
B3BELIMBAHUS OINPEEISUINCh BBIXOJ NMPOAYKTa, CTENEeHb oOrapa W HAaCBIIHAsA IUIOTHOCTh. M3BecTHO, 4TO
30JIbHOCTh, HACBHIHAS TIOTHOCTh U CPEIHUM JUaMEeTp YacTUIl JTUHEHHO CBS3aHBI CO CTENEHBIO o0rapa npu
akTuBanuu. B Tabmuie 1 mpuBeneHB! NaHHBIE, XapaKTEPHU3YIONINe CTEIeHb aKTHBAIUK YTOJIBHOTO MaTepua-
JIa 1o ero oorapy, 30JbHOCTH, HACBITHOHN MJIOTHOCTH.

Taonuma 1

YcaoBus aKTHBALMH U XaPAKTEPUCTHKA MOJIYYeHHBIX COPOCHTOB

No PexwnM nomydenuns copOeHTa Haceimaas CopOnmonHas em-
— | Temmneparypa, | [IpogomxuTenbHOCTh 301BHOCTE, % IJIOTHOCTB, KOCTbh 110 METHUJICHO-
/I o Obrap, % 3
C aKTUBALUH, U /M BOMY rosry0boMy, MI/t
1 800 1 53,2 7,9 46,3 85
2 800 2 58,6 8,5 45,7 90
3 850 1 68,4 9,1 42,2 105
4 850 2 57,3 11,5 52,7 45

Pesynbratel, nmpuBeeHHBIC B TAOJMUIIE, TOKA3BIBAIOT, YTO I JAHHOTO METOAA ONTHMAaJIbHBIMU Tapa-
MeTpaMu sABIIOTCs TemnepaTtypa 850 °C mpu BpeMeHH akThBaIiuy 60 MUH. AHaJIN3 TIOMYyYEHHBIX MTPOIYKTOB
TIPOBOIMIIHN TI0 METOIUKAM, OITUCAHHBIM B [1].

Ipumenenue pacTBopUMEIX coneil meramnos (Fe™?, Fe™, Sn™, Zn™, Ni?, Mo™ u zp.) B kauecTBe KaTa-
JU3aTOPOB THAPOTEHU3AINH YTIIeH MMO3BOJISIET paBHOMEPHO HAHECTH aKTUBHBIM METAIII IMyTeM aacopOnny Ha
MMOBEPXHOCTH YTIIs. DTHM METOJOM JOCTHTalOTCsl HanboJee ONaronpusTHbIE YCIOBHS U THAPOTCHU3AINN
yraei, npu 3Tom creneHb kouBepcuu OMY cocrasmisiet ot 60 mo 80 %. Hamu B kadecTBe KaTanu3aropa ObLI
WCIIOJIb30BaH COPOCHT HA OCHOBE IIYOAPKOJILCKOTO YIJIsl, UMIIPETHUPOBAHHBIN CYIb(UIAMH JKeJle3a U HUKE-
ns (FeS).

B pabore [2] noka3aHo, uTo kene3ocynbGuaabiid kataauzarop (Fe,S;), HaHeceHHBIN Ha aKTUBHPOBAH-
HBII yToJib, 1aeT 00Jiee BRICOKUH BBIXOJI JKUIKUX MPOAYKTOB, UEM €CITU OH JT00aBIsETCs B OOBIYHOM popme.

[IpuroToBieHne TakOro KaTajqu3aTopa 3aKJI0YaeTcs B JeMUHEPAIU3AUA YTJIS COJITHON KHUCIOTOH. 3a-
TeM, TIOCTIe TIPOMBIBKH M CYIIIKH, ITOJTYY€HHBIA aKTHBUPOBAHHBIA YTOJIb MPOMUTHIBAETCS PACTBOPOM CYIb(H-
Jla HaTpUs | Jaiiee 00pabaThIBACTCs XJIOPUIOM TPEXBAIICHTHOTO XKelle3a:

2FeCl;-6H,0 + 3Na,S-9H,0 — Fe,S; + 6NaCl + 15H,0

B pesynprare mOBEpXHOCTH YTl MOKPHIBACTCS HAHOBKITIOUCHHUAME Ccynbduaa xenesa (Fe,S;) ¢ pasme-

pom yactuil MeHee 10 HM, Kak U B ciry4ae ¢ Cyiabhumaom MmonudacHa [3].
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Hanecenue cynbduaa sxeneza Ha aKTUBHBIN yroJib, TOJYYCHHBIH NPSMON aKTUBaKMEH 11y0apKoIbCKO-
TO YTJIA, TMPOBOIWIM CIEAYIOIMMM 00pa3oM: K 5T aKTUBHOTO yris nobaBwiu 1,58 T cymedara xemesa
(FeSO4-7H,0) B 10 M1 Boapl, IepeMeiBaIy B TeueHne 20 MUH P KOMHATHOW TEMIIEpaType U 3aTeM 00-
pabotanu pactBopoM 0,44 T cyneduna Hatpust B 5 it Boabl. OOpa3yromyecs B pe3ybTaTe 0OMEHHON peak-
LUH

FCSO4 + NaQS =FeS + Na2804
HaHOpa3MEpHBIE YaCTUIIBI CYNb(UAA Kele3a 0CAKIAI0TCS HAa TOBEPXHOCTH YroJbHOTo copbenta. [locie MHO-
TOKPaTHOM MPOMBIBKU M CYIIIKH BeC MpoAyKTa coctaui 5,2 T (mpusec 0,2 r, win 4 %, OT UCXOAHOTO MaTepHa-
na). Hanopa3mepHsie yacTuLibl Cylibdua xKeje3a OCaXIarTcsl Ha IOBEPXHOCTH YroJIbHOTO ITOPOIIKA.

[Tonmy4yeHune >XUAKUX TOIUIUB U3 TBEPABIX TOPIOYHUX MCKOIAEMBIX CBOIUTCS K Pa3pyLIECHHUIO MOJIEKYJI UC-
XOAHOTO CBHIPHSI, YBEJIMUEHUIO OTHOCHTEIBLHOTO COICPKaHHUs BOJOPOA, YAAJICHUIO KHUCIOPOAa, a30Ta, Cephl
U 30JIbHBIX MHMHEpaIbHBIX BellecTB. OIHUM U3 OCHOBHBIX HAIIPABJICHUI B PELIEHUH MPOOIEMbI MOIYUEHUS
CHUHTETHYECKOI'0 JKUAKOI0 TOIUIMBA — 3TO MUPOJU3. B ocHOBe mupoiu3a JeKUT uies TepMUUECKOro BO3-
JeCTBUS HA TBEpIbIC TOPIOYHE MCKOMAeMble, B pe3yjIbTaTe Yero MPOUCXOAUT MepepacipeesicHue aToMOB
yriepoAa U BOJOpOJa TaKuM 00pa3oM, 4To B OJHOW YacTH BeulecTBa otHomenue H/C yBenuunBaercs, u 3Ta
4acTh MEPEXOJUT B XKUIKOE WIN AaXe B ra3o00pa3HOe COCTOSHUE, a B APYrOM YacTH yMEHbIIAETCS U OHa
0CTaeTCs TBEPAOH.

CuHTe3upoBaHHas HAMH JKelle30colepiKalas KaTaluTHUecKnas no0aBKa, HaHECEHHAas B BUAE HaHO-
pa3MepHBIX YacTHIl HA yrOJbHBII COpPOEHT, MPUTOTOBICHHAS MPSAMON aKTHBAIMEH IIyOapKOIbCKOTO YT,
OblIa anmpoOHpoBaHa B MpOLECcCe MUPOTU3A YIIIA.

[Iponecc muponm3a OCHOBaH Ha HarpeBaHUM yriel 0e3 1ocTyma BO3ayXa C LEJbl0 UX TePMHUYECKOH Jie-
crpykuuu [4]. IIpu 3TOM IpOTEKaOT ABE OCHOBHBIE TPYIIbl XUMUYECKUX PEAKLUI: ENONUMEepU3aIus op-
TFaHUYECKOM Macchl yIisi ¢ 00pa3oBaHUEM OPraHUYECKUX MOJIEKYJ MEHbIEH MOJEKYIIPHOH Macchl U peak-
LUK BTOPUYHBIX MPeBpallieHuii 00pa3yIomuxcs MpoaAyKTOB (KOHICHCAINH, TTIOIMMEpPHU3ali1, apOMaTH3al1H,
AIKWIMPOBAHMS U JIP.), B PE3yJbTaTe KOTOPBIX 00pa3yloTcs KUAKHUE, Ta3000pa3Hble W TBEPAbIE MPOAYKTHI.
[Iporiecc TepMudeckoii mepepabOTKy yriieit ObIT pa3padoTaH IS MOTYISHUS OS3IBIMHOTO TOTUINBA, OCBETH-
TEJNBHOTO Macia U napaduHoB. ['a3 muponau3a TakKe UCTIONIb30BAIM KaK OCBETUTEILHBIN. B HacTosIee Bpe-
Ms1 TBEPIBIH YIIEPOAUCTHINA MPOAYKT MUPOJIM3a HAXOAUT OoJiee MHUPOKOE MPUMEHEHNE B KaUeCTBE TOILTUBA
U U1 IPOU3BOACTBA (heppOCIUIaBOB [UIsl Tra3u(UKALNK, a TAKKe PacXoIyeTcs Ha dHepreTudeckue nenu. Ha
OCHOBE ITUPOJIN3a CMOJIBI Pa3pabOTaHbl Pa3InuHbIE CIIOCOOBI IOTYUEHHsI LIEHHBIX XUMUYECKUX NIPOAYKTOB, a
TAKKE CHHTETHYECKHX XHIKUX TOIUIMB, B YACTHOCTH, MOTOPHBIX TOIUIMB MyTEM THAPUPOBAHHS CMOJIBI B
LIEJIOM WJIY TIOCIIE €€ pa3JesieHHs] Ha Maciia U IIeK.

B 3aBucuMocTé OT Ha3HaueHMs IOIY4aeMbIX NPOAYKTOB pa3IMyaroT HU3KOTEMIIEPAaTYPHBIH MHPOIN3
(MM MONTyKOKCOBaHMUE), KOTOPBIN npoBoauTcst 00bruHo mpu 500—600 °C, u BEICOKOTEMIEpaTypHBIA THPOIH3
(ummn kokxcoBanmne) — npu 900 —1100 °C. BaxkHelmuM npeuMyniecTBOM TEXHOJIOTUH KaTAIMTHYECKOTO M-
poiM3a SBISETCS IOBBILIEHUE YKOJIOTHYECKOM YMCTOTHI, 00YCIIOBIEHHOE OTCYTCTBUEM CMOJIO00Pa30BaHM,
PE3KUM yMEHBILIEHUEM COJEPIKAHUS KaHIIEPOI'€HHBIX BELECTB B TBEPAOM NPOIYKTE, yMEHbIICHUEM 00bEMa
ra30BbIX BEIOPOCOB M KOHIEHTPALH B HUX BPEIHBIX BELIECCTB.

Jlis u3ydeHus mpoliecca MUPOJIM3a UCIONIb30BaHA YCTAHOBKA, IIPEACTaBICHHAs HUKE HA PUCYHKE, CO-
crosimast u3 kBapiieBoro peakropa (1) Beicoroit 300 MM, muamerpom 20 MM u TpybuaToit eun (3). Bepxmsis
4acTh 3aKpbIBaCTCA MPOOKON € KBapLEBBIM KAPMaHOM JUISL TepMOnapsl (5), MPOLYKTHl MUPOJIN3a BBIBOAATCS
yepe3 OOKOBOM IUTYLEp M, TIOCJIE KOHACHCAIIMU B XOJOAWIBHUKE, COOMPAIOTCs B IpUeMHOM Konbe. Temme-
paTypa peakTopa MoIepKUBACTCS ¢ IIOMOIIIBIO TepMonaps! (5) u cucteMsl TuTanus neaun (6) u (7).

[Ipu npoBenenun nuposmsa B peakrop nomecTwin 20 r mry0apKoIbCKOro YIisl, HepeMelanHoro ¢ 1 r
MOJIYYEeHHOT0 JKele3ocynb(uaHoro karanmuzaropa (u3 pacuera 0,2 % aKTHBHOTO BEIECTBA Ha MCXOIHYIO
Maccy), oopasen HarpeBam npu 600 °C B Tederune 30 muH. ["7a3000pa3Hble MPOIYKTH MUPOIN3a YIASUIACH,
KHUIKHE coOupanuch B IpueMHON kosbe. CocTaB MPOIYKTOB, ONPEAEIECHHBIN C IMOMOIIBIO XpOMaTO-Macc-
CIEKTPOMETPHUECKOTO aHANIN3a, IPEICTABIICH B Ta0IHUIIE 2.
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5 — tepmomnapa XA; 6 — 070K ynpaBieHusi; 7/ — TpaHchopMaTop

Pucynok. Cxema 1abopaTopHOil yCTaHOBKH MUPOJINA3a YIIIs

Tabnuma 2

BbIX01 0CHOBHBIX IPOAYKTOB NMUPOJIHM3a ]]IyﬁapKOJIBCKOFO Yris ¢ KaTajau3aTopomM FeS

Ne | Bpews ynepu- HanmeHoBanue coeMHEHUS Cognepxanue, %

/11 BaHUs, MUH
1 6,156 2-Merundenon 2,06
2 6,247 HUnpen 4,96
3 6,568 4-Metundenon 431
4 7,071 1-OTeHnn-3,5-muMeTHIIOECH30T 1,17
5 7,243 2-Merun-6enzodypan 2,70
6 7,826 2,5-Tumernndenon 4,14
7 8,073 1,4-Turuaponadramud 3,40
8 8,221 1-Metun-1-H-ungen 6,51
9 8,799 1-MeTuneno-1-H-unnen 8,14
10 8,959 2,4,6-TpumerninheHon 1,82
11 9,978 1,3-Aumernn-1H-unnen 1,33
12 10,104 1,1-Aumernn-1H-unnen 1,03
13 10,281 BenzonuxiorentarpuexH 13,03

Jlins cpaBHEHMS MHPOJIKM3Y OBLI TOABEPTHYT Yrojih 6e3 M00aBiIeHHs KaTaausaropa. Pe3yinbTaThl mpe-
CTaBJIEHBI B Ta0IuUIIE 3.
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Tabnuma 3

BbIX0/1 OCHOBHBIX NPOAYKTOB MHPOJIN3a HIy0apKOJILCKOTO YIJisi 0€3 KaTajan3aTopa

Ne | Bpems yrepa- HaunmenoBaHue coenvHeHUs Conepxanue, %

/1 BaHUsI, MUH
1 9,660 4,6-TpumMeTninnoaekan 0,91
2 11,211 4-Metunl -on-goaereH-3 1,74
3 11,766 2,6,11-lonexan 3,09
4 12,452 TeTpaTpuKOHTHINCHTA()TOPIIPOITHOHAT 2,09
5 12,647 I"excako3unmeHTaQTOPIPONHOHAT 1,02
6 13,225 2, 7-JIlnmerunaadTamuH 5,61
7 13,603 17-IlenTakoHTEH 1,21
8 13969 OKTaKOHTHIIIICHTa( TOPIIPOITHOHAT 5,04
9 14,026 1,54-JlubpoMrieHTaKOHTaH 5,66
10 14,947 TpukoHTHIAIIETAT 2,63
11 16,526 2,2,6-TpuMeTnI-6-HUTPOTICHTaH-3-0J1 1,20
12 16,710 1-I"enTako3aHOJ 1,84
13 22,432 I'excaTpukoOHTHIIIIEHTA() TOPIIPOITHOHAT 1,29
14 22,826 Oxkrtako3unTpudropamnerar 1,21

W3 maHHBIX XpOMAaTO-MacC-CIIEKTPOMETPHUYECKOTO aHAIM3a BUIHO, YTO COAEPIKaHNE JIETKUX TPOIYKTOB
B IIEpBOM 00pa3iie OOJbIIE 0 CPABHEHUIO C BBIXOJIOM JIETKUX MPOJYKTOB B IMPOIECCEe MUPOIN3a yris 0e3
KaTaau3aTopa, KOTOPBIH CBUICTEIHLCTBYET O 3HAYMTEIBHON POJIM CHHTE3UPOBAHHOW KENE30CYIb(UIHOM
N00aBKH, HAHECEHHOW Ha YTOJBHBIN COPOSHT B MPOIECCE MUPOIH3a YTJIs.
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M.F.Meiipamos, B.A.Xpynos, A.T.Opna6aesa, P.K.bokiposa

Kemip copOenTiHe eHri3izireH TeMipcyiabua KaTaan3aToPbIHbIH
KOMip MUPoJIu3i Ke3iHaeri KeHiJl 6HiMiHIH IIBIFBIMBIHA dCepi

Makanana Typa 6esncennipy aaici apkpuibl lybapken kemipineH katanutukaiblk Kocrma (FeS) eHrisinrexn
copbent anpiHel. 600 °C Temmeparypaga KaTanuTHKanblK Kocma (FeS) KocwhUIFaH >koHE KaTaln3aTOpChi3
KOMIp/iH MHpoNu3 Yypaici sxyprisimin, 3eprreminren. Cyiblk (asama >KeHT ©HIMAEPIHIH IIBIFHIMBI
KaTaJIMTHKAJIBIK KOCIIAHbIH KOCBULY HOTHIKECIH/IE apTaThIHbI aHBIKTAJIBI.

M.G.Meyramov, V.A.Khrupov, A.T.Ordabayeva, R.K.Bakirova

The effect of iron sulfide catalyst applied on the coal sorbent
on the yield of light products in coal pyrolysis

In the present investigation the sorbent from Shubarkol coal with the catalytic additive (FeS) applied was ob-
tained by the method of direct activation. Investigation of coal pyrolysis at temperature 600 °C with addition
of the catalyst (FeS) and without it was carried out. It was established that the content of light products in the
liquid phase increased in the presence of catalytic additives.
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Hydrogenation of the model object in the presence of nanocatalysts

The catalytic hydrogenation of the model object anthracene was presented in the article. The selection of con-
ditions for the proceeding of the process was conducted. Hydrogenation process was carried out using
nanocatalysts B-FeOOH, Fe(OA); and Fe;0y, in the ratio of 1 % in the presence of hydrogen. The effect of ini-
tial hydrogen pressure on the yield of the products during the reaction was detected. The most effective addi-
tive for the catalytic hydrogenation of the model object anthracene was determined.

Key words: catalytic hydrogenation, anthracene, nanocatalysts, polynuclear aromatic hydrocarbons, hydro-
carbon feedstock, effective additive, model objects.

The hydrogenation of solid and heavy hydrocarbons is a versatile alternative method of producing syn-
thetic liquid fuels in the fuel-processing industry [1]. The growing interest to the problem of coal liquefaction
and processing of heavy oil residues, coal tar and its fractions is due to the necessity of involving additional
resources in the fuel and energy balance and expansion of the source of raw materials for organic synthesis
industry. A fundamental study of model compounds has a great importance in the study of physical and
chemical properties and reactivity of organic mass of coal [2], which allows for a more detailed set of pro-
cessing mechanisms and develop science-based methods for predicting their conducting. Polynuclear aro-
matic hydrocarbons can be regarded as analogues of high-boiling petroleum fractions and residues, frag-
ments of the organic mass of coal and primary coal tar and its fractions, which include aromatic structures,
the relative share and structural features of which depend on the degree of metamorphism of coal [3, 4]. Fur-
thermore, model compounds can not be exposed to the destruction in the area of the destructive hydrogena-
tion temperatures.

The hydrocarbon feedstock (coal, peat, oil shale, heavy oil, coal tar, etc.) is a complex mixture of organ-
ic and mineral substances, hardly amenable for studies. Model compounds such as anthracene, phenanthrene,
pyrene, naphthalene, etc. are often used to determine the mechanism of the process of activity and selectivity
of selected catalysts.They may be fragmented to provide the reactivity dependent behavior weight organic
material [5].

The use of catalysts in the process of destructive hydrogenation of heavy hydrocarbon feedstock allows
carrying out the process under more mild conditions and increasing the conversion of organic matter, yield
and quality of the distillable products.

The application of catalysts based on ore materials and metallurgical sludge production is advantageous
from an economic point of view. Literature data indicate that this class of catalysts has been used in coal lig-
uefaction processes for a long time. The active component of many catalysts is iron ore. Many of the catalyt-
ically active components accelerating hydrogenation of coal are presented in the mineral substances of coal.
In connection with it, the application of coal ash for hydrogenation processes is an urgent task [6].

It is reasonable to use highly dispersed catalysts, which are equally dispersed in the raw material in
pseudo-homogeneous state in order to prevent their deactivation. The search of new catalysts and the devel-
opment of efficient technologies for solid hydrocarbons and petroleum residues are one of the main direc-
tions in the development of energy and petrochemical industries. The increase of the efficiency of heteroge-
neous catalytic reactions is one of the main problems in the hydrogenation of heavy hydrocarbon feedstock
[7]. Therefore, much attention is paid to the development of scientific approaches to create a new generation
of catalytic systems, which have increased activity and selectivity.

A study of the influence of nanocatalysts in the hydrogenation process on the product yield of model
objects was carried out. Nanocatalyst was obtained by the procedure described in papers [8, 9]. Samples of
model objects were subjected to the hydrogenation process in the reactor of high pressure (autoclave). Pre-
mixed source components were placed in the reactor and flushed with hydrogen. The reaction mixture was
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heated to 400 °C for 60 minutes in an excess of hydrogen at a pressure of 3 MPa. Start of the reaction was
considered to the moment of reaching the operating temperature by autoclave. Autoclave heating rate was
10 °C per min. The resulting product was washed with benzene. Conditions of proceeding the hydrogenation
process of model objects were shown in the Table 1.

Table 1

Conditions for the hydrogenation of coal tar in the presence of nanocatalysts

Nanocatalyst
B-FeOOH, g Fe(OA);, g
1 1 0,01 1 400 3 60

No Anthracene, g T, °C P, MPa T, min

The study of fractional composition of the carbohydrate portion of the model objects was carried out
with the method of adsorption using high-performance chromatograph Agilent Technologies 5975. The con-
tent of hydrocarbons in the mixture was detected, names of which were given below shown in the Table 2.

Table 2
Product yield of the hydrogenation process of model objects
Nanocatalyst, Nanocatalyst,
Name Structural formula B-FeOOH Fe(OA);

300 °C 400 °C 300 °C 400 °C
2-Butylnaphthalene _ 33,04 0,38 11,04
2-Ethyl-1,1'-biphenyl 2,42 1,03 2,61 0,85
9,10-Dihydroanthracene - 59,55 - 55,55
1,2,3,4-Tetrahydroanthracene - 15,98 - 23,54
Naphthalene 6,55 2,15 4,32 2,43
Anthracene OOO 7,25 0,51 6,38 0,38

It should be pointed out that in the process of hydrogenation of anthracene using nanocatalyst
B-FeOOH, the yield of products turned out to be the highest and was 65 % and the yield of degradation prod-
ucts was 6.4 % by adding 1 % of the catalyst, the percentage of an unreacted material was 23.30 %. Hydro-
genation product yield was 48.29 % in the case of hydrogenation with using nanocatalyst Fe(OA);. Degrada-
tion products yield was 14.57 %, the percentage of unreacted material was 27.30 % adding 1 % of the cata-
lyst. It demonstrates the advantage of using nanocatalyst B-FeOOH in hydrogenation of polyaromatic hydro-
carbons.

A significant change in the ratio of hydrogenation and hydrogenolysis products, and the ratio of conver-
sion depending on the ratio of the catalyst were shown comparing the results of this hydrogenation. Appar-
ently, it is due to the increase in the amount of oxygen in the form of increased concentration of hydroxyl
groups, which can be referred to the hydrogen bonding. Number of fragments containing a quaternary carbon
atom sharply decreased after the hydrogenation, and the number of fragments (>C=) conversely increased,
i.e. the transition from the more substituted compounds to less substituted can be seen.It reforms with litera-
ture data very good, which show that from hydrocarbons with three or more rings collinear compounds are
hydrogenated faster than the angular [5]. From the viewpoint of the mechanism of a reaction, heterolytic de-
composition of precursor molecule occurs directly in the presence nanocatalyst by carbonium ion mechanism
with the predominant formation of hydrocarbons having tertiary carbons (branched structure). Organic sub-
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stances, contacting with the reaction centers, deactivate them, i.e. while reducing the amount of hydrogena-
tion catalyst, the product yield decreases and the yield of degradation products increases.

The most optimal amount of nano-catalysts in a ratio of 1 % allows to achieve the crease in the yield of
active hydrogen atoms, which prevents the reactions of condensation and decreases the stability of the asso-
ciates in the hydrogenation of polynuclear aromatic hydrocarbons Thus, the estimation of the influence of
nanocatalysts p-FeOOH and Fe(OA); on the hydrogenation process of model object was carried out. It was
determined that B-FeOOH nanocatalyst shows improved activity and selectivity compared to nanocatalyst
Fe(OA);. As results of the experiments, it can be concluded that nanoscale catalysts are newly developed
catalytic additives that contribute to a deeper chemical modification and degradation of the organic mass of
hydrocarbons, resulting in a significantly higher yield of light products. Such multiplet systems as coal, coal
tar, or its fractions can be used for the hydrogenation. The search and application of nanocatalytic additives
will make possible increasing the efficiency of known in this area techniques.
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MOI[eJIbIli Oﬁ’LeKTiHiH HaHOKaTa/JIn3aTopJap KaTblHACBIHAAYbI THAPOTCHU3AIIUACHI

Makanaga MozeNbIi OOBEKT — aHTPALCHHIH KaTaJIUTHKAIBIK THIPOT€HH3AIHs YPHICI KapacTHIPHUIFaH.
I'mpporennsanms mpoueciHin Xypy kargainaps! ansikranrad. Cyreri optacsiga -FeOOH, Fe(OA); xone
Fe;04 HaHOKaTanu3aTopiapbiHblH 1 % MeepiHiH KaTbIHACBIHIAFbl THAPOTEHU3ALHMS IPOLIEC KYPTi3iireH.
bacrankpl cyTeri KbICBIMBIHBIH ©HIM LIBIFBIMBIHA OCEpi 3€pPTTENreH. AHTPAlECHHIH T'MAPOreHH3aLHsAChIH
JKYPTi3y/ieri KaTaIATHKAJIBIK KOCIIAaHbIH €H THIMi KaThIHACHI aJIbIHFaH.

Ma @51 FOns, Cy Kcuntay, A.b.Tareesa, 2)K.C.AXxMeTkapumMoBa,
J.A.bana6exosa, P.C.bupxanosa, M.I".MelipamoB

FHHPOFCHI/ISaHI/IH MOACJIBbHOI'O 00beKTa B NMPUCYTCTBUU HAHOKATAIU3ATOPOB

B crarbe mperncraBieHa KaTanUTHYECKas THAPOTCHU3ALMSA MOJECIBHOrO o0bekTa — aHTpaleHa. OcyliecTs-
JeH 1onbop YCIOBMil mpoTekaHus mpouecca. IIpoBeieH Npolecc THAPOreHU3ALMH C HCIOJIB30BAHHEM
HaHokatanu3atopoB f-FeOOH, Fe(OA); u Fe;O, B cootHowenun 1% B cpene Bopopona. BeisiBieHo
BJIMSIHME Ha4YaJbHOTO BOJOPOJHOTO JABJICHHS Ha BBIXOJ( IPOJYKTOB B IIPOLIECCE PEAaKIMK. Y CTAHOBJICHA Hau-
6oiee 3¢ pexTUBHAS KaTaIUTHIECKast J0OaBKa I THAPOTCHN3alNY aHTpaIleHa.

Cepust «Xummsi». Ne 3(71)/2013 59



UDC 662.642

Sh.K.Amerkhanova, R.M.Shlyapov, A.S.Uali

Ye.A.Buketov Karagandy State University
(E-mail: amerkhanova_sh@mail.ru)

Influence of various factors on productivity of distillation column
in distillation process of oil

It is obtained the generalized equation, reflecting the influence of each factor on the output fractions. The op-
timum parameters of the distillation process are established. It is revealed that increasing the flow rate lead to
increase of the rate constants. The results of IR spectral studies show that all fractions of gasoline contain
large amounts of saturated alkyl, unsaturated and aromatic compounds.

Key words: oil, distillation process, distillation column, gasoline, IR spectral study, kinetics, rate constants,
alkyl and unsaturated compounds, series of aromatic compounds.

Oil is a mixture of chemical compounds on the basis of hydrocarbons generated from a source of organ-
ic matter resulting from prolonged interaction with the environment occurrence influenced by many factors.
Oil is an oily liquid, complete chemical composition of which determines modern instrumental methods is
almost impossible.

The main chemical elements forming part of oil are carbon, hydrogen, sulfur, nitrogen and oxygen.
Carbon and hydrogen are contained in different oils in an amount of 82—87 % (by weight) and 11-14 % (by
weight) respectively. They are an integral part of all chemical compounds of oil. The minerals (except petro-
leum gas) crude oil has the highest heat of combustion, as it contains the greatest amount of hydrogen. In this
regard, fuel oil properties to characterize the ratio of hydrogen to carbon (H: C) in %. Sulfur is included in
the composition of heteroatomic compounds. Sulfur content of oil are classified into three classes: a low-
sulfur crudes, it is up to 0.5 % in sulfur — 0.51 to 2.0 %, and sour — from 2.01 %. Nitrogen and oxygen in
the oil are from 3.0 to 0.8 % (wt), respectively. In the oil ash was found 30 metals of which the most com-
mon are V, Ni, Fe, Cu, Mg, Al [1].

Paraffinic hydrocarbons from pentane to hexadecane under normal conditions in a liquid state. They are
part of the light distillate oil fractions. According to their structure, they are divided into the normal structure
of alkanes and branched alkanes (isoalkanes). Typically, when the same number of carbon atoms per mole-
cule of branched-chain hydrocarbons differ from the normal structure of hydrocarbon lower density, pour
point and boiling point. Paraffin hydrocarbons with branched provide high quality gasoline, whereas normal
paraffins adversely affect the behavior of fuel in the gasoline engines, as they being the least resistant to oxi-
dation are the lowest detonation resistance.

The presence of normal alkanes in aviation kerosene is almost unacceptable due to deterioration in the
low-temperature properties of the fuel, as the normal structure of the hydrocarbons have high pour point, and
in these fuels is unacceptable formation of crystals at temperatures down to —60 °C.

In diesel fuel, the presence of normal alkanes is desirable, since they have good ignitability (maximum
ratio H:C), but at the same time increase the pour point of fuel. Therefore, in diesel fuels the allowable num-
ber of normal paraffins is by the temperature of solidification on the state standard. Liquid normal paraffins
derived from petroleum fractions, are widely used as: processing and household solvents, raw materials for
the production of protein-vitamin concentrate, a raw material for chlorinated paraffins are used as the poly-
meric composition, and plasticizers for synthetic carbon, films, coatings; raw materials for the production of
SAW, medicines [2].

Paraffinic hydrocarbons C,; and above under normal conditions are solids whose melting point with in-
creasing the molecular weight increases. Solid hydrocarbons included in the composition, and ceresin wax.
Paraffins characterized lamellar crystals or belt structure, their melting point ranges from 40 to 70 °C, the
number of carbon atoms in the molecule, — from 21 to 32, molecular weight — between 300450 g/mol.
Paraffin waxes are present mainly in the oil fraction boiling at a temperature of 350—500 °C, which is one of
the reasons for high pour point of the fractions.

The crystals have a needle-like structure ceresins. In addition to their composition includes solid paraf-
finic hydrocarbons, naphthenic and aromatic hydrocarbons with long side chains. At the same temperature,
are characterized by high melting ceresins in alignment with paraffins density, viscosity and molecular
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weight. Ceresin concentrated in vacuum distillation residues, causing an increase in temperature softening
sludge. Low melting paraffin waxes are mainly hydrocarbons of normal structure, whereas in the more high-
melting products — trade ceresins — get their isomeric forms.

Paraffin waxes are used as raw materials for production of synthetic fatty acids, detergents, chlorinated
paraffins and olefins, as protective coatings, impregnating Crate packing products, pastes and Food Grease as
an insulating material in electronics, as well as in the fragrance industry and for the preparation of supposito-
ries. Ceresin widely used in industry and daily life as coatings, various ointments and pastes, basis of rope
lubricants and etc.

Experimental part

Rectifying distillation of hydrocarbons was carried by the procedure described in [3]. The oil of
Kumkol field is used as the raw materials. Kinetic characteristics were evaluated on the output of light and
medium fractions. IR transmission spectra were recorded using a Fourier transform spectrometer TERMO
NICOLET AVATAR 360.

Discussion of results

Research of the process of rectification of hydrocarbons in the sample of oil (Kumkol field) was carry-
ing out in this paper. Thus the following factors were varied: the temperature 170-210 °C, the flow rate of
from 0.8 to 4.0 ml/min, retention time of 30 to 90 min, number of plates is 2-9, the response function is
served output light fractions. On the basis of a sample of obtained from the experimental data was obtained
equation reflecting the impact of all factors on the yield of fractions [4].

(0.04-7* -1.31-T+114.54)—(0,01-V,, +0.07-V, , +11.14)—(7.44/ n +13.51)
X
1
8 (0.027* —0.277+16.70)

11.6°
The optimal parameters are the feed rate 2.4 ml/min, the number of plates 5, retention time 90 min.

Next rate constants of the process of fractional distillation of crude oil were calculated. The results are shown
in Table 1.

W,% =

(1)

Table 1

The influence of feed rate and temperature of process
on the rate constants of rectification of hydrocarbons

—lgk
T.K 0.8 1.6 2.4 3.2 4.0
443 17.51 6.55 6.54 6.54 6.57
453 5.44 5.41 5.40 5.41 5.43
463 2.86 2.85 2.85 2.85 2.86
473 6.76 11.36 11.33 11.35 11.42
483 1.80 1.80 1.81 1.80 1.80

It was established that the increase in flow rate leads to an increase in first order rate constant [5]. Low
values of the rate constants for the 443 K at 0.8 ml/min associated with the occurrence of evaporation and
condensation directly in the alembic in which light fractions have low vapor pressure. Increasing temperature
promotes stabilization processes, i.e. dependence on the flow rate is not observed at 473 K due to lower va-
por pressure of the factions, as well as increasing their molecular weight. Consequently, a higher temperature
in order to intensify the process of evaporation is necessary. The next increase in temperature also leads to
equilibrium. Also values of the enthalpy of activation were calculated (Table 2) [6].

From the data in Table 2 shows that the maximum observed for the activation enthalpy flow rate of
0.8 ml/min, i.e. fractional distillation process is almost no oil flows at a given flow rate. This is supported by
the fact that in this case the evaporation products of oil condense and form associates with the evaporation
products heavier fractions. Minimum value of activation energy is observed at a flow rate of 2.4 i.e. process
occurs at maximum speed. Consequently, the separation process is determined by the stability associates
forming feedstock. Next IR-spectra of gasoline were obtained (Fig. 1, 2).
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Table 2
Change of the thermodynamic characteristics of catalytic cracking of diesel
AH ", kJ/mol
LK 0.8 1.6 2.4 3.2 4.0
443 541.83 59.05 58.93 58.99 59.25
453 541.79 59.01 58.89 58.95 59.21
463 541.74 58.97 58.84 58.91 59.17
473 541.70 58.93 58.8 58.87 59.13
483 541.66 58.89 58.76 58.83 59.09
InA 309.73 23.57 23.52 23.54 23.65
1
100}

L
2000 1600

L L L v, cm-l
1200 800 400

Figure 1. IR spectrum of gasoline in the frequency range from 400 to 2000 cm!

1
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3800 3400 3000 2600 2400
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Figure 2. IR spectrum of gasoline in the frequency range from 2000 to 3800 cm!

The most important information obtained fractions shown in the absorption region of 8001850 cm .
Strong absorption of below 1850 cm™ (methylene and methyl groups) indicates a significant amount of the
alkyl groups. Also vibrations —CH; and —CH, groups correspond to absorption bands near 1075 and
1150 cm™' [7]. At the same time, the absorption at 1200 cm ' relating to aromatic hydrogen, a relatively
strong (Fig. 1). Strips of 900-700 cm™' correspond to the vibrations of the CH bonds of methyl and alkyl
groups. Most pronounced band at 870 cm ™' (stretching vibrations C—C in the conformation GTn> 5G) and
peak around 765 cm™' (stretching vibrations C—C mixed with fan —CH, fluctuations). The strong absorption
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in the region of 3000 cm™' belongs to the aromatic ring (Fig. 2). Strips of 1280-1050 cm™" related to the
grouping Ar—O ether groups. The band at 1375 cm™', apparently, is responsible to carbonyl group.

In general, the results of IR spectral studies show that all fractions of gasoline contain a large amount of
aliphatic saturated and unsaturated series of aromatic compounds.

Thus, the optimal parameters of the distillation process is determined; generalized equation, which al-
lows to carry out a qualitative and quantitative forecast of fractions yield any values of the studied parame-
ters, and which opens the possibility of a wide variation in terms of the production of light oil fractions, was
obtained.

The rate constants of the distillation process under the impact of the flow rate of raw materials were
calculated based on these equations. It is shown that increases the yield of light fractions at a flow rate of
2.4 ml/min, which promotes more complete separation of the mixture, the absence of accumulation of high
boilers in the lighter fractions.

Acknowledgements: this research was financed by the Committee of Science of Ministry of Education
and Science, the Republic of Kazakhstan (Ne 0112PK00674).
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MyHaiias! aiiiay npouecinaeri peKTuGUKANUSIIBIK OaFaHAHBIH OHIMAITITIHE
3p TYpJi ¢dakTopaap dcepin 6aranay

OpakuusIapabIH MBIFBIMBIHA 9CEp eTeTiH apOip GaKTOPIbIH BIKMANBIH CUMATTANTBIH KaNbUIAHFAH TEHICY
anbIHABL. PekTudukanusiay IponeciHiH OHTAWIBI MapaMeTpliepi aHBIKTAJIbI, aFbIH JKbUIIAM/IBIFBIHBIH apTYybI
JKBUIIAMJIBIK KOHCTAHTAJIAapBIHBIH JKOFAapbUIayblHA oKejeTiHi kepcerimai. WK-cmekrpangsl 3eprreyinep
HOTIKeNepl OCH3WHHIH OapiblK (paknusUlapblHIa KAHBIKKAH JKOHE KaHBIKIAaFaH KaTapIblH aJIKAIIII
KOCBUIBICTAPBIHBIH, APOMATTHI KOCBUIBICTAPBIH KOTI MOJIIIEPiH OapblH KOPCETTI.

III.K.Amepxanosa, P.M.IlInsanos, A.C.Yanu

OueHka BIMSIHUSA PA3JIMYHBIX (AKTOPOB HA MPOU3BOAUTEIHLHOCTH
PeKTHPUKANMUOHHON KOJOHHBI B IIpoLiecce nNeperoHku Hegru

[Mony4yeHno oboOLICHHOE YpaBHEHHE, OTpaXKAIOIIee BIHSIHUE KaXI0ro 13 (pakTopoB Ha Beixox (pakiuii. Or-
penereHsl ONTHMAIbHBIE MapaMeTpsl Iporecca PeKTH(UKANK; YCTAaHOBJICHO, YTO BO3pacTaHHE CKOPOCTH
TIOTOKA MPUBOANT K YBEJMUCHUIO KOHCTAHT ckopocTel. Pesymprarsl K-cnekrpansHOTO HCCiIenoBaHus 110-
Ka3bIBAIOT, YTO Bce (pakiuy OCH3MHA COmepKaT OOJNBIIOE KOIUYECTBO AJKHUIBHBIX COCJUHEHUH HACBHIICH-
HOTO M HEHACHIICHHOTO PS/a, ApOMAaTHIECKUX COCIMHEHUI.
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Kinetics of magnetizing field of gravitational-magnetic
concentrate in the presence of liquid hydrocarbon

Calculation of activation energy and kinetic parameters of magnetization combustion of Lisakovsk gravita-
tional-magnetic concentrate in the presence of liquid hydrocarbons (oils of different deposits) was made. The
conditions of thermo-gravitational processing were chosen. It was established that catalytic destruction of or-
ganic compounds of liquid hydrocarbons adsorbed on oolits allowed decreasing temperature of dehydration
and reduction of gravitational-magnetic concentrate.

Key words: kinetics, liquid hydrocarbon, Lisakovsk ironstone gravity-magnetic concentrate, hydrocarbon
feedstock, effective additive.

The scheme of thermochemical preparation of Lisakovsk ironstone gravity-magnetic concentrate
(GMC) for dephosphorylation includes the process of its calcination in an oxidizing atmosphere at the tem-
perature of 950—1050 °C. The resulted hematite calcine undergoes leaching by 5 % solution of sulfuric acid
to remove phosphorus. After leaching the product, containing 0.24 % of phosphorus and 60 % of iron, is
used as a conditioning concentrate for further iron smelting [1].

To reduce the temperature of GMC calcination the method of catalytical thermal dehydration and re-
duction (CTDR) by oolites pretreated with a liquid hydrocarbon material was proposed [2].

It is found that a complete removal of moisture from the GMC is carried out at 600—650 °C during 45—
90 minutes at CTDR, the reaction product is highly magnetic iron oxide Fe;O, [3].

Catalytic degradation of organic matter of the liquid hydrocarbon adsorbed on the oolites during the
heat treatment can significantly reduce the temperature of dehydration and reduction of GMC at CTDR. As
the result a carbon and molecular hydrogen are formed:

CH, — xC+ (y/2)H, (1)
Molecular hydrogen is catalytically decomposed by the contact with oolites components FeOOH, Al,Os
and Si0, with the formation of two radicals:

H, - H+H’ 2)
Iron hydroxide is thermally dissociated into iron oxide (III) and water:
2FeOOH + C —22“ 5 Fe,0, +H,0 3)

Activated carbon reacts with iron hydroxide at high temperature with the formation of carbon monox-
ide, iron oxide (III) and water:

2FeOOH + C — Fe,05;+ CO + H,0 4)
Activated carbon also interacts with the hydrated moisture:
C+H,0—-CO+H, 5)
Further, molecular hydrogen is dissociated on the surface of iron oxide (III):
H, 9 5 H+H" (6)

As a result, the radicals of hydrogen and carbon monoxide reduce iron oxide (III) to the magnetic iron
oxide Fe;O, by the reactions:
3Fe,0; +2CO — 2Fe;04 + CO, @)
3Fe,0; + 2H" — 2Fe;0,+ H,O ®)
The source of active hydrogen is a water vapor as well as various radicals (-:CH,, -CHj, -C,Hs, -C¢Hs)
which act as a reducer.
In this paper the basics of the magnetisation kinetics of GMC in the presence of liquid hydrocarbon are
given.
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Experimental part

A representative sample of Lisakovsk gravity-magnetic concentrate (GMC) was used in experiments.
0,75 % Solution of viscous oil from Karazhanbas was used as a liquid reducer. The degree of magnetization
cinder GMC (a) was determined by measuring their magnetic susceptibility. Additionally, the phase compo-
sition of combustion products was monitored by using X-ray diffraction. Experiments were carried out in the
temperature range 500-650 °C. Isothermal dwell time of experimental samples in the oven was varied from
5 to 45 minutes.

Results and discussion

Kinetic curves of magnetization MMC plotted from experimental data are shown on the figure 1 in the
coordinates: the degree of conversion (o) — time (t). Analysis of the curves shape shows that the interac-
tions (7, 8) belong to a class with the highest initial reaction rate which means that no matter whether hetero-
geneous or homogeneous system is considered, the reaction starts immediately across the whole reaction sur-
face. This is due to the high reactivity of liquid carbon reducer.

0,9 -
T R Ea e St
07 -

600
0,6 1

550
05 f-—f e
04 A
03
02

0,11 500

50

Figure 1. Kinetic curves of GMC magnetization

Induction period with the formation of embryos in this system is not observed. The reaction rate with
the increasing degree of conversion decreases sharply at first and declines going on smoothly. It should be
noted that this effect is weakly expressed at low temperatures. This fact indicates that the rate’s maximum is
due to the heating of the sample to the required temperature, and is not associated with the phenomena of
autocatalysis. Furthermore, in our experiments, the magnetization process of GMC is also not limited by the
rate of external diffusion.

Such reactions are described by the well-known Erofeev-Kolmogorov equation [4]:

a=1-e*", 1)
where k and n — constants, characterizing kinetic mode of the reaction. Rate constants were calculated by
using Sakovich equation (table)

K =nk"". )
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Table
Kinetic parameters of Erofeev-Kolmogorov and Roginski equations
Model
Temperature, °C kt" =l1g(l—a) (1) k' =1-1-a (2)
n k, min' E, kJ/mol n k, min' E, kJ/mol

500 —0.32 —4.96 —0.63 —0.83
550 —0.31 —1.88 -0.91 —0.60
600 —0.27 -1.25 27,77 —0.50 -1.22 18.12
650 —0.28 2.39 —0.44 —1.31

Figure 2 shows the validity of the selected equation since the experimental curves are linearized in the
coordinates lg[—lg(l - oc)] —lgt in a wide range of time. Values of the parameter » (table) indicate that the

process occurs in a region close to the diffusion and its kinetics can be described as a model of «contracting
sphere» [5].
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/ 55
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b // 20
/
-1,6 - /
-1,8 T T T |
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Figure 2. Calculations of kinetic parameters of GMC magnetization
by using Erofeev-Kolmogorov equation

In this case, the reaction spreads from the outer geometric surface of the particle to its center to form a
layer of magnetite which prevents transport of reagents in the reaction zone. The kinetic equation is used to
test this model:

1/3

1-(1-a)" =kt". 3)

Rate constant k; is found as the slope of lines in the coordinates lg[l —(1 — oc)]]/3 —lgt (Fig. 3).

For consistency of approach the Sakovich formula was used; obtained k; values are also given in Table.
Adaption of the experimental results using two different models show that both of them quite satisfactorily
describe the kinetics of the process studied.
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Ig (1-(1-a)")

gt
Figure 3. Calculations of kinetic parameters of magnetization 'MK by using Roginski equation

Thus, a comparison of the calculated activation energy and the kinetic parameters of the above models
suggest that the process of magnetization MMC by liquid hydrocarbon is heterogeneous; the rate-limiting
step of the process is diffusion at the interface FeFOOH; — JUV.
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CyiibIK KeMipcyTeri KAaTbIChIHAAFbI TPABUTANMOH/IBI-MATHUTTTIK
KOHLIEHTPATHIHBIH MATHETHU3HPJICHI€H 00J1bICHIHBIH KHHETHKACHI

JIucakoBCK ~ MarHETH3WpPICHTEH KYHAIPY[OIH TIpaBUTAlMOHIBI-MAarHATTITIK KOHIIEHTPATHIHBIH  CYHBIK
KOMIpCYTeKTepaiH (op TypJsi KeH OpBIHIApBIHBIH MYHAHIapbl) KaTBICHIHIA OJICEHMAIK DHEPrusiChl MEH
KMHETHKAIBIK ITIapaMeTpiIepiHiH ecenTeynepi KypriziareH. TepMo-TpaBHTalMOHIBIK OHACYMIH JKYpri3y
JKaFmaiinapbl  aHBIKTANIAbl. AJCOPOLMOHABIK OOJMT OCTiHAeri OpraHUKAJIBIK 3aTTapAblH  CYHBIK
KOMIpCYTEeKTEp/iH KaTaJUTUKAJbIK JEeCTPYKLMACHIHBIH TEPMHSUIBIK ©HJICY HOTIDKECIHIE, AerHiparaius
TEeMIIepaTypackl MEH IPaBUTAIIMOH/IbI-MarHUTTIK KOHLIEHTPATTaPbIHBIH TOTHIKTHIPYJIAPBIH a3alTyFa 00a/ibl.
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Kuneruka MaFHeTH3prm]J.[eﬁ o0J1acTH rpaBUTAlMOHHO-MATHUTHOI'O
KOHICHTPaTa B IPUCYTCTBUMU KUJIKOI'0 yrjieBoaopoaa

IIpoBenen pacdeT 3HEpruil aKTUBALUKM ¥ KHHETHYECKHX MapaMeTPOB MarHETU3UPYIOIIEr0 00XKHra JIHCaKoB-
CKOTO TPaBUTAIIMOHHO-MarHUTHOTO KOHIIGHTpaTa B MPHUCYTCTBUM XXHIKHUX YTJIEBOIOPOJOB (HeTH pa3imd-
HBIX MecTopoxaeHuit). [1ogoOpaHbl ycaoBHs NPOBENCHUS TEPMO-TPaBUTALIOHHONH 00pabOTKH. YCTaHOBIIE-
HO, 9TO KaTAINTHYECKasl NeCTPYKIHS OPTaHNIECKOTO BEIECTBA XKHUIKHX YIIIEBOLOPOJIOB, ancOopOMPOBaHHBIX
Ha OOJIUTax IPH TePMUUECKOH 00paboTKe, IO3BOISIET CHU3HUTH TEMIIEPATypy JeTHAPATAIlni M BOCCTAHOBIIE-
HHS TPaBUTAIlMOHHO-MArHUTHOTO KOHLIEHTpATa.
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Khrupov, V.A. — Candidate of chemical sciences, LP «Institute of Organic Synthesis and Coal Chemistry
of Kazakhstan Republic», Karaganda.

Kishibayev, K.K. — PhD student, Chair of Analytical, Colloid Chemistry and Technology of Rare Ele-
ments, Kazakh National University named after al-Farabi, Almaty.
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Nechipurenko, S.V. — Candidate of chemical sciences, Senior research associate of Composite Materials
Laboratory of the Center of physico-chemical methods of investigation and analysis, Kazakh National
University named after al-Farabi, Almaty.
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Tusipkhan, A. — PhD student, Ye.A.Buketov Karaganda State University.
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China.
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re Elements department, Head of the Laboratory of Composite Materials of the Center of Physico-
chemical methods of investigation and analysis, Kazakh National University named after al-Farabi,
Almaty.

Yergaliyeva, E.M. — Graduate student, Ye.A.Buketov Karaganda State University.
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