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AKTYanbHOCTb paboTbl 00yC/0B/1eHa HEOOXOAMMOCTBIO NMONTYHEHNS MHPOPMALIMM O TEPMUYECKON YCTONYMBOCTY A30TOPraHN4ECKMX OC-
HOBaHWV CMOSIUCTBIX KOMIOHEHTOB BEPXHEIOPCKOM METaHO-HagTeHOBOM HEQTH MeCcTopoxaeHns KpanvuBuHCKoe, pacronoXeHHOro Ha
TeppuTopum ToMckovi 0bnacty, Ans peLeHns npobiem, CBA3aHHbIX C ee nepepaboTkou.

Llenb paboTbi: rosyyeHne AaHHbIX O HAMPaBeHUsX TePMUYECKMX MPeBPAaLUEHINI a30TOPraHNYeckux OCHOBaHMIA CMOs HegTv Kpanu-
BUHCKOro MECTOPOXAECHMS.

MeTtoab! nccnegoBaHus: KOMIEKCoobpasoBaHme, KCTpakums, AMP 'H crekTpockonus, CTPYKTypHO-rpynnoBoy aHanm3, Xpomaro-
Macc-CreKTpOMEeTPUS.

Pe3ynbTatbl. Ha OCHOBaHWM U3y4eHMs COCTaBa 1 CTPYKTYPbI a30TOPraHU4eCKX OCHOBaHMV CMOTT HeghT KpannBuHCKOro Mectopoxse-
HWS 0 W nocrie Tepmumdeckoro Bozaenictans (450 °C, 30 MuH, MHEPTHAs Cpesa) MoKasaHo, 470 npy TePMOU3E B BbIOPAHHbIX YCIIOBUAX
MPOVCXOAMNT YaCTUYHas AECTPYKLMS BbICOKOMOMEKYSPHbIX OCHOBAHMI M MOSTHAS MOTEPS HU3KOMOMEKYISPHbIX OCHOBaHWI. Bce ocHoBa-
HUS B TEPMOM30BAHHbIX CMONAaX ABASIOTCA NPOAYKTaMU MPEBPALLUEHMS BbICOKOMONEKYAPHBIX CORAUHEHMI NCXOAHBIX CMOSI. YCTaHo-
BJIEHO, 4TO BOJIbLLYIO YaCTb OCHOBaHMI B CMOJAaX [0 W 0C/e TepMUYECKor 06paboTKy COCTaBSIOT BbICOKOMOMEKYISPHbIE COEANHEHMS,
0LHAKO VX 07151 B TEPMOIM30BAHHbIX CMOJIax CyLLECTBEHHO HXe. TepMonpeobpa3oBaHHble OCHOBaHUS MMEIOT MeHbLLINE CPEAHME MO-
JIeKynSPHble Maccbl, Yem McxodHsle. CoCTaB BblAENEHHbIX COEAVHERVI NCCAEN0BaH METOAaMM CTPYKTYPHO-rPYMNOBOro aHanm3a v ra-
30B0V XPOMATOMACC-CreKTPOMETPUM. [10Ka3aHO, YTO CPEAHME MOIIEKYITbl a30TOPraHNYeckX OCHOBaHMI 0OOUX TUMOB CMOJT MOCTPOEHbI
113 aPOMATNYECKUX, Ha(hTEHOBBIX U aNIKMIbHBIX (PPArMEHTOB. B CpenHmMx MoseKynax CoeauHeHi TepMOMM30BaHHbIX CMos bosiee BbICO-
Ka [0S apOMaTH4eCKX aTOMOB YITIEPOAA 3@ CHET CHUXEHWS A0 Ha(hTEHOBBIX M aIKUIIbHbIX YIIePOAHbIX aTOMOB. B cocTase ocHoBa-
HV NCXOBHBIX 11 TEPMONM30BAHHBIX CMOJT MPUCYTCTBYIOT aKUINPOU3BOLAHbIE XMHOMMHA, BEH30XUHOMAHA, ANOEH30XMHOMMHA 1 a3anu-
peHa, cpeam KOoTopbix MpeobnanatoT ankmnnbeH30XMHOMMHbI. OCOBEHHOCTbIO a3aapeHoB TePMOIM30BaHHbIX CMOJ BAISETCA MOBbILLEH-
HOe copepXaHue ankuixmHonMHoB. s TepmMorpeobpasoBaHHbIX CTPYKTYP XapakTepHO MEHee Pa3BUTOe ankubHOE 3aMeLLeHme 1 60-
J1ee BbICOKas [0S B X COCTaBE HU3KOMOJEKYISPHBIX FOMOJIONOB.

Knro4eBble cnoBa:
CMonbl, a30TOPraHN4ecKme OCHOBaHUS, TEPMUYECKME MPEBPALLEHNS, COAePXaHue,
COCTaB, CTPYKTYPHO-rpyrnoBOV aHaan3, XpoMaToMacc-CrnekTpoOMETPHS.

BeepeHue HBIX MATePUAJOB, OKPYIKAIOMIYI0 CPeAY U 370POBbE

IIpencrasieHHas paGoTa ABIAETCA NPOJOKeHH-  JeNOBeKa [3—8]. B cBs3u ¢ aTMM y6IMKAIIAY TTOCTE]-
eM HCC/IEIOBAHUN 10 XapAKTEDHCTHKe CMOJMCTHIX ~ HHUX JeT IOCBAIIEHbI IIABHBIM obpasom pa3paboTke
KOMIIOHEHTOB MeTaHO-HadyTeHoBoil He(yrr Kparmnena- ~ METOJOB YAIEHNUA a30THCTEIX COSFUHEHNIT 13 He(Ts-
croro mecropoxaenus [1, 2], kotopoe mo mporuoz- ~ HOT'O ChIPbA [3]. Vindopmanus o CTPYKTYPHBIX U3Me-
HBIM 3amacaM (36,5 MIIH T) ABJISeTCA OAHUM UX Kpy-  HEHHAX AOunoA BOBJEHCTBIEM TeMIIePaTyPhl Kacaer-
nHeimux Ha reppuropuu Tomckoii odmacTy u Ha gan- O UX YCTOMUUBOCTH B IIPOIECCaX M'MAPOOIUCTKY U
HBIN MOMEHT HaXOJUTCS B IPOMBINIIeHHOH pagpador- ~ CTHLIATHBIX dparmuii [9, 10] 1 MogerupoBanus mpo-
ke. ComepixaHye CMOJ B KPDANIMBUHCKOM He(TH cocra-  L1€CCOB TEPMUIECKOro CO3PEBAHNA /1A PEMICHNA 1IPO-
Biager 8,8 % [1]. IloaToMy OHH IO TIPaBy CUUTAIOTCA 6mem reoxummn [11, 12]. Ceenenns o rpancopma-
IePCIeKTUBHEIM Pe3epBOM yIayOaeHusd ee mepepabor-  HTHK AQ CMOJ B TEPMUIECKUX IIPOLECCaxX HA CETOA-
Ku. B cBsI3M ¢ 9TUM 00JIBIIIOE 3HAUEHIE UMEIOT JaHHble ~ HAMIHIM JEHDb B IUTEPaType OTCYyTCTBYIOT.
0 NOBEJEHUU CMOJUCTBIX KOMIIOHEHTOB B IIpOIecce Henp HACTOAIIETO WCCTEJOBAHUS — ToryueHne
TePMIYECKOT0 BO3AEHCTBAS HA He(TAHYIO cucTeMy. AAHHBIX O HAIIPABIEHNAX TePMUYECKIX IPEBPAIEHNIE
Oco0slit HHTEpeC MpeACTaBIA0T peayibrarsl Tepmu- A0 cvox Hedri KpanuBuHCKOro MecToposK feHu .
YeCKOro mpeodpasoBaHUA a30TOPraHUIECKUX OCHOBA-
Huii (AO) cMou, TaK KaK IPUCYTCTBHE 3TUX COeAUHE-
HUM B YyIJIeBOIOPOTHOM ChIPbE OKa3hIBaeT HEraTUBHOE O6mexTsl uccnepoBanusa — AO HMCXORHBIX CMOJ
BJIUAHUE HA IPOIECCH KATAJUTHUECKOro 00Jaropa- kpanuBuHCKoi Heru 1 AO Mol mocuie uX TepMue-
KMBAHUA JUCTIJIIATHBIX (DPaKIuil, KauecTBo 1 9K-  CKOH 0613360TRH npu 450 'C B reuenne 30 mMuH B
CILTyaTaIlMOHHBIE XAPaKTEPUCTUKU Toploue-cMazou-  UHEPTHOU Cperne. Temmeparypa u Bpems TepMOIH3A

3KCI1€pVIMEHTaJ1bHaﬂ YacTb

17



V3BecTva TOMCKOTO MOSIMTEXHUYECKOTO YHMBepCuTeTa. VIHXUHUPUHT reopecypcos. 2018. T. 329. N2 11. 17-24
lepacmosa H.H., Caradenko T.A., MuH P.C. MpeBpalleHns a30TopraHn4ecknx OCHOBAHWIM CMOAUCTbIX KOMNOHEHTOB HE(TH ...

CMOJI YCTAHOBJIEHBI HA OCHOBAHUY PE3YJIBTATOB AUD-
(epernuagpHOro TepmMmuueckoro ananusa (ITA) kon-
IIeHTpaTa BBHICOKOMOJIEKYISPHBIX OCHOBaHUIT, cocTa-
BJIAIOIINX OCHOBHYI0 Maccy Heraubix AO[2, 13, 14].
Tepmuueckue mpeBpamieHUsa HU3KOMOJEKYIAPHBIX
ocuoBauuit mo gauHbM JITA 3aBepiaioTcsa Ipu TeM-
neparype 350 ‘C. Cnexosarensro, AO B TepMOJIN30-
BAHHBIX CMOJIaX ABIAIOTCSA MPOAYKTAMY TeCTPYKIIAN
BBICOKOMOJIEKYJIPHBIX OCHOBAHUN MCXOIHBIX CMOJI.

AOQ BHIIeNIAMN U3 TeKCAHOBBIX PACTBOPOB MCXOJ-
HBIX ¥ TePMOJIM30BAHHBIX CMOJ 10 cxeMe [2], mpume-
HeHHe KOTOPO# MO3BOJIAET HOJYYUTH KOHIIEHTPATHI
BBICOKOMOJIEKYIAPHBIX coenuuenuit (K-1), (K-2),
Pa3IMYAIONTUXCS [0 MOJIEKYJIIPHOI Macce, ¥ KOHIIeH-
TPaT HU3KOMOJIEKYJIAPHBIX ocHoBaHUH (K-3) 1 pasge-
auth ocHoBaHuA K-1 u K-2 meromom ropsauenr oK-
CTpaKIMu H-TeKcaHoM Ha pactBopumbie (K-17 u
K-2™) u nepacrBopumsie (K-1"* u K-2™F) B Hem KoM-
TIOHEHTHI.

JIeMeHTHBIH aHaMIu3 06PA3IIOB IIPOBOILIN HA aB-
romatudyeckom ananusatope C, H, S, N «Vario EL
Cube». AGcomioTHas TOrPENTHOCTh aHAMU3AaTOPA HE
npesbimana =0,1 % mIg KamAOTO OIpeReaaeMOro
amemenTa. ComepskaHue KUCIOPOAA OUEHWBAJIU IO
passoctu Mexay 100 % u cymmoii amemenTos: C, H,
N, S.

OYHKITNOHATBHBIA aHAJIN3 A30TUCTHIX COEIUHE-
HU TPOBOAMIN METOZOM HEBOJHOTO TIOTEHI[HOMETPH-
yeckoro TutTpoBanus [15].

Cpennue moneKyaapHble Maccel (MM) usmepsin
MEeTOoJIoM KpuocKonuu B 6ensoste [16].

Cuexrpsl AMP 'H sanuceiBagu Ha CIEKTPOMETPE
AMP-®ypre «AVANCE AV 300» ¢upmbr «Bruker»
mpu 300 MT'm B pacrBopax CDCl,. B kauectse cran-
JlapTa HMCIOJbh30BaIM TeTpaMermicuiaH. [lo cmek-
tpam IMP 'H npoBozu/iu pacuer OTHOCUTEIBHOTO CO-
JIep:KaHuA IPOTOHOB B PABIUYHBIX CTPYKTYPHBIX
(parmenTax, UCXOAS W3 ILIOIA/EH CUTHAJIOB B COOT-
BETCTBYIOITUX 00J1acTAX crekrpa: H,, (10519 mpoToHOB,
COMePIKAIIUXCA B apOMAaTUUYECKUX CTPYKTypax) —
6,6...8,5 ppm; H, (101 IpOTOHOB y aTOMa yTJIEPOA B
O-TIOJIOXKEeHUY aTn(aTUIeCKUX 3aMeCTUTeel apoMa-
THYeCKUX CTPYKTYP) — 2,2..4,0 ppm; H, u H, (nona
IIPOTOHOB B METUJIEHOBBIX 1 B KOHIIEBBIX METUJIBHBIX
rpymnmax anudaTuuecKux (GparMeHTOB MOJEKYJ, CO-
orserctBenHo) — 1,1...2,1 u 0,3...1,1 ppm [17].

Ha ocuose gamubix o MM, s1eMeHTHOM COCTaBe U
pAacCIIpe/ieIeHUY TPOTOHOB MEXKY PasIUIHbIMH (hpar-
MEHTaMH MOJIEKYJI PACCIUTHIBAIY CPEJHIE CTPYKTYP-
HbIe XapaKTepucTuku Mojekya cmoa [18]. B xoxme
pacueToB OmpeneNeHsl ciepyiomue mapamerpsl: C,,
C,, C, — 4mcno aToMOB yriepofia B apOMaTHYECKUX,
HAQ)TEHOBBIX M MAapa@)MHOBBIX CTPYKTYPax CpeTHEi
moxnexrysl; f,, f, f, — nom aTomos yraepoza B apoma-
TUYECKUX, HA(PTEHOBBIX U Mapa()UHOBBIX CTPYKTYP-
HBIX (DparMeHTax; m, — YKCJIO CTPYKTYPHBIX eUHMUI] B
cpenueit monekyie; K., K*, K,* — obmiee uncmo, yu-
CJI0 apOMaTHUECKUX U HA(DTEHOBBIX IIUKJIOB B CTPYK-
TypHOH efuEHUIe; C,* — 4MCI0 aTOMOB yTraepoja B ma-
paduHOBEIX (hparMeHTax CTPYKTypHOHI equaubl; C,*
u C* — KOIM4ecTBO aTOMOB YI/Iepo/ia, HaXOAAIINXCA
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B Q-TIOJIOYKEHUU K apOMAaTUUYECKUM AApaM U B HE CBA-
3aHHBIX C APOMATUYECKMMU SAPAMU TePMUHAIbHBIX
METHJIBHBIX I'PYIIIAX.

Konnenrpatsr K-17, K-2™ u K-3 ananusuposayu
MeTomoM xpomaromacc-cekrpomerpun (I'X-MC) ma
mpubope DFS ¢upmbr « Thermo Scientific» mpu suep-
I'IU MOHUBUPYIOIIKX 3JeKTpoHoB 70 eV, Temmepary-
pe noHuzanouHou Kameps 270 ‘C, reMmepaType uH-
repdeiica 270 ‘C, Temmeparype ummaxexTopa 250 °C.
Ilns xpoMaTorpad)uuecKoro pasaeaeHns NCI0Ib30Ba-
Jach KojouKa miuuHon 30 M, puamerpom 0,25 MM, ¢
rosuHok (assl DB-5MS 0,25 MmrMm. 'a3-HocuTenb —
requii mpu mocTosHHOM pacxoge 0,8 mur/mun. IIpo-
rpaMMa TepMocTaTa: HauajbHasa Temueparypa — 80 ‘C
(3 mun), mogsem 10 300 °C (4 °C/MuH), BEIAEPKEA IPH
KoHeuHO! Temmeparype — 30 muH. CKaHumpoBaHUE
Macc-CIeKTPOB OCYINECTBIIANIOCH KAMKAYI0 CeKYHAY B
nuamasone mace 10 500 a.e.M. PeKOHCTPYKIIUIO MO-
JIeKYJIAPHO-MACCOBOTO pasfeneHus (Macc-XpoMaTo-
rpamMM) PasiIUYHBIX TUIIOB ¥ B IPOBOAMIIN C MCTIOIH30-
BaHHEM XapaKTePUCTHUECKUX MOHOB HAa OCHOBE XPO-
MATOTPAMM II0 IIOJHOMY MOHHOMY TOKY C IIOMOIILIO
nporpammsl Xcalibur. [I1a ugeHTUGUKAIINY UHANBHI-
IyaJdbHBIX COEIMHEHUH MCIIONb30BANNA KOMIBIOTEP-
Hyto 6ubaroTery macc-ciektpos NIST 02.

Awnanus 00pasIoB OCYINECTBIAIN C MPUBJICUCHN-
eM 000pyJ0BaHUs IEHTPA KOJIEKTHBHOTO II0Jb30BAa-
Husa Tomckoro Hayuroro neaTpa CO PAH.

PesynbTaThl 1 UX oGcyxaeHne

IIpoxykTamMu TepMIUeCKOi 00pabOTKY CMOJ B BBI-
OpaHHBIX YCJIOBUAX HBIAKTCA Tra3000pasHble
(1,2 %), TBepabie, Kokcomoxobuse (5,0 % ) u pacTBo-
pumsie B Gensone (93,8 %) coenunenus. [locienuue
[OpPeJCTaBIEHbl  «BTOPUYHBIMU»  ac(ajbTeHAMU
(7,0 % oru.) u mansrenamu (86,8 % oTH., gamee —
TePMOJIM30BaHHbBIE CMOJIBI).

CpaBHUTEIbHBIH aHAINS TONYUEHHBIX JaHHBIX 110~
KasbIBaeT, UTO TePMOJU30BAHHBIE CMOJBI OTIMUYAIOT-
¢ OT MCXOMHBIX 00Jiee HUBKUMY KOHIIEHTPAAAMHI
obrmero (N,) 1 ocroBHOrO (N,,,) asora (Tabx. 1). Cau-
KeHIe B TepPMOJIN30BaHHBIX CMOJIaX cofep:anud N,
(81,2 pasa) u N, (B 1,8 pasa) moaTBep:KIaeT faHHbIE
aBtopoB [11, 19-21], uTo asoTucreie coefuHEHUS, B
yacTHOCTH AQO, yUacTBYIOT B (DOPMUPOBAHUU KOKCO-
TO00HBIX TIPOAYKTOB, 00PasyONIUXCA B IIpoOIecce
TEpMOJIN3a He(DTAHOTO CHIPHA.

Oco0eHOCThI0 TEPMOJNM30BAHHBIX CMOJI SBJISETCS
TaK:Ke 0ojiee HUBKOE CYMMAapHOE KOJMYECTBO BBIE-
JeHHbIX u3 HuX KoHieHtparoB AO (10,03 mporus
26,08 % wmac.) u moas CBABAHHOTO ¢ HUMH N,
(69,1 mporus 84,3 % oru.) (tab. 2). Pasauune B oT-
HOCUTEJIHHOM COJEP:KAHUU OCHOBHOTO a30Ta MOXKET
OBITH CBS3aHO ¢ 00pa3oBaHIEM B IIPOIECCE TEPMOJIM3A
CMOJI OCHOBAHHII, CTPYKTYPHBIE OCOGEHHOCTH KOTO-
PBIX HPEMSTCTBYIOT WX BBIJEJNEHUI0 IPUMEHSIeMbIMI
MeTofaMu. BOJIBITyI0 YacTh OCHOBAHUI, BBIIEIEHHBIX
73 000X THUIIOB CMOJI, COCTABMISIOT BBICOKOMOJEKY-
nsapusie coequnenus K-1 u K-2. Ogzako B TepmoJIn-
30BaHHBIX CMOJIaX X MaccoBas 1o (9,01 % mac.) u
nosia cBAsanHoro ¢ HuMu N, (53,3 % oTH.) HUXKE,
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YyeM B MCXOAHBIX cMoJIax (24,14 % mac. 1 69,9 % oTH.
cooTBeTcTBeHHO). CjleZiyeT OTMETUTH, UTO TepMUUe-
CKHM IIpeo0pasoBaHUSAM B 0OJBIIEH CTEIeHM II0ABED-
raioTcsd BHICOKOMOJIEKYIApHBIE coemubenus K-2. B
TIPOIIecce TEPMOIM3a CMOJI UX KOJIUYIECTBO CHUKAETCS
Haubosee cymecrsenro (¢ 13,21 zo 0,30 % mac.).
KonmeHTpaTsl HU3KOMOJEKYISIPHBIX ocHoBaHME K-
3 MCXOIHBIX ¥ TePMOJU30BAHHBIX CMOJI IT0 BEIXOIY U
OTHOCHUTENBHOMY cofiep:kanuio N, B CTPYKTYpe MX
OCHOBAHWY PasINyaTCsa He3HAUUTEIBHO.

IIpoxyKThI, MOJTyUEeHHBIE W3 TEPMOJM30BAHHBIX
CMOJI, XapaKTePU3YIOTCA MEHbIIUMU 3HAUCHUSIMHI
MM, mo cpaBHEHHIO C OJHOMMEHHBIMHU IIPOJYKTAMU
MCXOIHBIX cMOJI (TabJ. 2).

Tabnuua 1. Pacnipenenenue obLiero 1 0CHOBHOro a3ota B MCXOL-
HbIX M TEPMOJU30BAHHbIX CMOJIaX KPanusuHCKOM
HegpTn

Table 1. Distribution of total and basic nitrogen in the initial
and thermolysed resins recovered from the Krapi-
vinsk oil

Copepxanne/Content

E O\ci NoBm/N(ot NocH/Nbas

o <

=g o . = . =
O6pasisi sc|g|ls S|g]|; O
Samples & x|IZs3 |23
Syl Sz |82
23| 5|6 %= | 5|02
= = ° [} = * [
X SER X

Vicxoprble cvons! 878 [0,56| 235 (025 64,7

Initial resins

TepMon|/|3osaHHlb|e cMonbl 762 0.46| 167 l01a| 314

Thermolysed resins

Tabnuua 2. XapakTepuctvka a3oTopraHu4eckmx OCHOBaHWUI MC-
XOLHbIX Y TEPMOJIN30BAHHbIX CMOJT

Table 2.  Characterization of organic nitrogen bases in the ini-
tial and thermolysed resins
Obpa3Lbl/Samples
Cmonbl
CMOnbl MCXOAHble
[oka3aTenu . . TepPMONN30BaHHbIe
i Initial resins )
Indicators Themolysed resins
K-1 | K-2|K3]| K-1 [ K-2] K-3
K-1 | K-2 | K-3]| K-1 [ K-2] K-3
Maccosas fons
Mass fraction, % 10,93(13,21{ 1,94 | 8,71 | 0,30 | 1,02
MM, a.e.m./a.m.u. 1018 | 607 | 383 | 683 | 413 | 330
Maccosar aons N 1,29 (1,732,201 1,67 | 2,12 | 3,02
Mass fraction Ny, % ! ! ' ! ' !
fiond Nogu chOn 2521409| 76 | 316 | 14 | 67
Fraction of Ny resins, % ! ! ! ! ! !
MaccoBas gons N,
Mass fraction Ny, % 0,7310,72(1,86(0,83 (0,79 | 2,21
fiond Nog, chon 31,8 (38,1144 516 | 17 | 15,9
Fraction of Ny resins, % ! ! ! ' ' '

CorstacHo pesynbraTaM (ppakmuonupoBanusd, AO
rKoumenTpaToB K-1 u K-2 umcxoguelx m TepMoOJIH30-
BAHHBIX CMOJI PA3INYal0TCA [0 COTEPKAHMIO COe/TIHe-
HUl, PaCTBOPMMBIX ¥ HEPACTBOPHUMBIX B TeKcCaHe

(tab.. 3). IIporecc TepMOIECTPYKIIUU COIPOBOK AALT-
A YBeJMYEHHEM JOJIN MeKCAHOPACTBOPUMBIX IIPOAYK-
ToB. Tak, B Cyuae MCXOAHBIX CMOJ OTHOCHTEJIBHOE
cogepxauue K-1™ u K-2™ cocrasnser 34,4 u 30,8 %
OTH. COOTBETCTBEHHO, a B CJIyUae T€PMOJIM30BAHHBIX
cmoat — 43,6 1 40,0 % oru. [[aa 0060ouX THUIIOB CMOJ
sHauenus MM coenunennii K-1" u K-2™ cymecTsen-
HO HiKe sHaueHunit MM coepunennii K-1™* u K-2™7,
B 10 2Ke BpeMs IPOLYKTHI, IOJIYUYEHHEIE 13 TePMOJIH-
30BaHHBIX CMOJI, UMeIOT 0osiee HU3KMe sHaueHna MM,
yeM OJHOWMEHHbIe MPOAYKTHI, BBIAEJICHHBIE U3 HC-
XOMHBIX CMOJI. BBISABJICHHBIE PAa3IMUUA MOTYT OBITH
CBSIBAHBI C IIPOTEKAHHEM IIPH TEPMOJECTPYKIMU pe-
aKIWi JeaJKIINPOBAHUS W OTPHIBA U/UJIH PACKPHI-
THA HAaQTEeHOBBIX I[MKJIOB, IPUBOAAIINX K 00pa3oBa-
HHl0 0ojiee HHU3KOMOJEKYJIAPHLIX COENMHEHMI
[11, 20, 21]. YuacTBOBaTH B 3TMX PEAKIMAX MOTYT
AO, Bxopamiue B coctas K-1 n K-2 ncxomubIx cmou.

Tabnuuya 3. 3KCT,OaKLlMOHHO€ pa3gesieHhe BbICOKOMOJIEKY AP
HbIX a30TOpraHn4eckmnx OCHOBAHMW UCXOAHBIX U Tep-
MOJIN30BaHHbIX CMOJT

Table 3.  Extractive separation of high-molecular organic ni-
trogen bases in the initial and thermolysed resins
O6pas3upl/Samples
Cmonbl
Cmonbl NCXOOHble
. . TEPMOJIN30BaHHbIE
Initial resins .
MokasaTtenn Thermolysed resins
Indicators 2 |y |2 |2 |2 . |2 |2
= - ~ ~N | = — o~ ~N
v | v |y | vy |v|xw|x¥
e e P B I P A
i I -CO I IS Bl IV N
AN
Maccosas pona 7.17(3,76|9,14 |4,07| 4,91|3,80{ 0,18| 0,12
Mass fraction, %
MM, a.e.m./a.m.u. 1200{ 670 | 709 | 379 | 794 | 540 | 469 | 329
Maccosas Aons N 1,14 1,58(1,91(1,34[1,46{1,96 | 2,01 2,19
Mass fraction N, % | ' ' ' ! ' ' !
Hona Nggy, cMon
Fraction of N resins, |14,6(10,6(31,2|9,7 [15,5/ 16,11 0,8 | 0,6
%
MaccoBas gons N,
Mass fraction Ny, % 0,57/1,03(0,54|1,1310,71{0,98|0,75(0,82
[ons N, cMon
Fraction of Ny resins, | 16,3 (19,7 (15,5 [18,4|24,9(26,6| 1,1 | 0,6
%

ComocraBieHue TaHHBIX CTPYKTYPHO-TPYIIIOBOTO
aHaJIM3a MO3BOJNMJIO YCTAHOBUTH CXOACTBA W PA3JIH-
s B cTPyKType AO HCXOTHBIX U TEPMOIN30BAHHBIX
cmoJ1. IIpusenenHsie B Tab1. 4 pacueTHbIE TApaAMETPHI
CBUJIETEJILCTBYIOT, UTO CPEJHIE MOJEKYJIBI COeNIHe-
uun K-1™°, K-17™, K-2™° K-2"u K-3 oboux Tuios
CMOJI 00pasyioT CUCTEMBI, COCTOAIINE U3 apoMaTHuyue-
ckux (C,), maprenosnix (C,) um mapadunosmix (C))
CTPYKTYPHBIX (DPArMeHTOB.

Bo Bcex oOpasiax 00JblIas 4acTh OOINEro Yucia
yraieponubsix atomoB (57,4...73,4 %) mpuxomuTes Ha
HacelmenHsle parments! (f,+f,), Kora yriepoga apo-
marmueckoro xapakrepa (f,) cocrasnser 26,6...42,6 %.
ITpum atom cpexuue Momekyasl AQ TepMOJU30BAHHBIX
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CMOJI, KaK IIPaBUJIO, 60Jiee apOMATHYHEI 33 CUET CHU-
seHus poau HadreHoBbix (f,) u/mam mapadmHOBBIX
(f,) yrmeponabix aToMoB.

Tabnuua 4. PacyeTHble 3HaYeHMsS BAXHEVILUMX CTPYKTYPHbIX Na-
PamMeTPOB MOJEKYJT a30TOPraHN4eckmux OCHOBaHMM
VCXOOHBIX M TEPMOTIN30BAHHbIX CMOJT

Calculated values of the most important structural

parameters for the molecules of organic nitrogen ba-
ses in the initial and thermolysed resins

Table 4.

Obpasipl/Samples
CMOrbl UCXOfHblIe CMOrbl TEPMONM30BaHHbIe
Initial resins Thermolysed resins
K_1FHP K_’lFP K_ZFHP K_ZFP K_3 K_'IFHP K_’lFP K_ZFHP K_ZFP K_3
K_'IHNS K_‘lHS K_ZHNS K_ZHS K_3 K_‘lHNS K_‘lHS K_ZHNS K_ZHS K_3
Yncno yrnepoaHbIX aTOMOB Pa3HOTO TWNa B CPEIHeN Mosekyne
Number of different type carbon atoms in an average molecule
G [33.6]15,61182|69|72(236(151| 12|60 8,4
C, [39,8(14,0( 17,5 15,4]9,8{29,0|12,8|20,4|10,4|7,0
G 1981178108 (36(79]29]|101]| 15 |46(6,8
Pacnpenenetvie atomos C, % /Distribution of carbon atoms, %
f, |40,4(32,9|39,0(26,6(29,0|42,6(39,8] 33,8 |28,5(38,0
f, |47,8(29,5| 37,7 |59,5|39,4| 52,2 |33,7| 61,8 [49,8|31,4
fo | 1,7(37,6]23,3(13,9|31,6| 5,2 |26,5| 4,4 |21,7|30,6
Y1CNo CTPYKTYPHBIX eAMHNL, B MOnekyne
Number of structural units in a molecule
m, 261718 [11]12]21]16] 14 [11]12
MapameTpbl CPeAHeN CTPYKTYPHOM eANHNLbI
Parameters of average structural unit

K* | 68(43|48|45(34|62[41]159 13529
K* 131122125 (131427122119 12|16
K* 137121]231(32(20]35(19|4023]|13
C* 131,8(28,9]25,2122,8|20,6(27,023,8|23,0(19,7 (17,8
G* | 3710559 (32|66|14|63| 10 |43|54
C* 48|45 42 |34(37(40136] 373232
G116 (19|14 1618141610 (14|14
G, G, G ~4u1cro apomatdeckux, HaTeHOBbIX 1 MapagpuHOBbIX
aToMoB yrnepoaa B cpenHux monekynax, f,, f,, f, = nom atomos
yrnepona B apoMaTv4eckmx, HagTeHOBbIX M NapagmHOBbIX CTPYK-
TYPHbIX pparmMeHTax, %, m, = YUCIO CTPYKTYPHbIX €auHWL B
cpeaHen monekyne; K.*, K,*, K,* = obuee 4ncrio, yncio apoma-
TUYECKMX M HA(OTEHOBBLIX LIMKIOB B CTPYKTYpHOM eauHuue, C* =
obLLee 4mMcio aToMOB yriepoda B CTpyKTypHou eanHuue; C* =
YNCIIO aNKWIbHbIX aTOMOB yriepoaa B CTPYKTYPHOU enuHuLe;
C,* ~ Konm4ecTBO aTOMOB yriiepoAa, HaXoOALMXCA B OL-MOOXe-

HWW K apoMatmn4ecknm g4pam, C},* ~ B He CBA3aHHbIX C apomartu-
HeCKUMM a4pamMu TepMUHaIbHbIX METUIIbHbIX TPYINax.

MapameTpbl
Parameters

G, G, G, —number of aromatic, naphthenic and paraffinic carbon
atoms in an average molecules; f,, f,, f, = fractions of carbon
atoms in aromatic, naphthenic and paraffinic structural frag-
ments, %, m, — number of structural units in the average molecule;
K:*, K,*, K.* = total number, number of aromatic and naphthenic
cycles in the structural unit; C* = total number of carbon atoms in
the structural unit; G,* = number of alkyl carbon atoms in the
structural unit; C,;* = number of C atoms in the a-position to the
aromatic nuclei, and C,* = in the terminal methyl groups not
bound to the aromatic nuclei.

Ina cpegaux mosekysn AQO TepMOJTMB0BAHHBIX
CMOJI OTMeUeHa TeHAEHITNA CHIKEHUA KOJIUIECTBA U
VMEHBIEHUA PasMepOB UX CTPYKTYPHBIX €IWHMUIL
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(m,). YMeHblleHWEe OOIMMX PA3MEPOB CTPYKTYPHBIX
eUHUI] MPOUCXOAUT TJIABHBIM 00pa30M 3a CUET CHU-
JKEHMS UMCJIa YIJIePOAHBIX ATOMOB B Mapa)MHOBBIX
(parmenTax (C,*). HalOmogaerca Takxe CHUKeHHe
yncia HackimeHHbX (K, *) m apomatuueckux (K,*) mm-
K10B. B cocrase C* ymeHbImaeTcsa KOJMYECTBO aTo-
MOB YIJIepojia B METHJIbHBIX TPYIIAaX, YAAJEHHBIX OT
apomarudeckoro aapa (C,*), uTo cBuaeTenbCTBYET 00
VMEHbIIIeHUY YMCJIa U/UIM CTEIeHN Pa3BEeTBICHHO-
cTu 3amectuTeseir. CHIKeHNe 3HAUEHUN IapameTrpa
C,* yKasbIBaeT HA YMEHbIIIEHNE CPEHETO YICIa 3aMe-
CTUTEJIEH Y AapOMAaTUUECKUX AAEP.

Amnamus npoaykros K-17, K-2™ u K-3 meromom
I'X-MC nokasai, uto B coctaBe AQ HCXOJHBIX U TEP-
MOJI30BAHHBIX CMOJI IPUCYTCTBYIOT ATKMI3aMeIIeH-
HbIe XUHOJIUHBI, 06H30-, TMOeH30XUHOJNHbI U a3aTIH-
perbl. MaKCUMyM B WX pacupeeJeHuy TPUXOTUTCI
Ha 0eH30XMHOMUHB! (Tabsm. 5). OTIHYUTENBHON 0CO-
OernocTbio AO TepMOJIN30BAHHBIX CMOJI SABJISETCS 110-
BBIIIIEHHOE COIEPIKAHIE ANKUIXUHOJIMHOB. Y BeIuyue-
HUe J0JM OWIUKINYECKUX a3aapeHOB MOKET ObITh
CBABAaHO CO CTPOEHMEM MOJIeKyJ ocHoBamuii K-17,
K-2™" ucxopmbix cmos. Ilo maHHBIM CTPYKTYpHO-
IPYNIOBOro anamusa (Tabi. 4) B CTPYKTYPY UX Cpef-
HUX e[UHUI BXOAAT (JParMeHTsI, COAePIKaIIe OUITH-
kJ0apomaTuueckoe aapo (K¥=2,2...2,5) u 1a Hadre-
HoBBIX KA (K#=2,1...2,3). K o0pasoBanuio anxkmi-
XUHOJUHOB, BEPOATHEE BCEr0, MPUBOIUT TEPMOJE-
CTPYKIINA TAaKUX OCHOBAHUM.

Tabnuya 5. Cocras a3oTopraHmn4eckmx OCHOBAHMN UCXOAHbLIX 1
TEPMOJIN30BAHHbIX CMOJT

Table5.  Composition of organic nitrogen bases in the initial
and thermolysed resins
CopepxaHue, % OTHOCH-
[omonornyeckvie | TenbHO MOEHTUPULMPO-
psiabl BaHHbIX CTPYKTYP
Homologous series| Content, % of the rela-
tively identified structures
CoenvHeHwst ° ) > )
Compounds 2,12 < 2, S
gc |9 v D (== S v @
ox|= 1YL ., [S v = 12 .,
X o|laz =2 X orr=2
U < | T O.= [, o T O .=
Ss|E3ED| S® FRED
Z=|2cgc-| 2= 23T *"
5c|s ™< 5c 5 ™ C
s s = s s =
SO S S
XVHONVHbI
L G=C G=C 15 4,5
Quinolines e ' ‘
BeH30XMHOMMHbI
. . CFQO CFCB 87,0 88,1
Benzoquinolines
1OEH30XMHONMMHbI
A OB c ¢y | oG | 9 16
Dibenzoquinolines
AsanupeHbl
P G| GG 25 5,8
Azapyrenes

Kpowme Toro, mna tepmomnpeodpa3oBaHHBIX CTPYK-
TYp XapaKTepHO MeHee PasBUTOe aJTKUIbHOE 3aMele-
Hue 1 0oJiee BBICOKAS MOJA B KX COCTAaBe HU3KOMOJIE-
KYJADPHBIX TOMOJIOTOB. B KauecTBe mpumepa Ha
puc. 1, 2 mpuBeieHO pacmpefiesieHne aJlKUIXUHOJIH-
HOB M aJKMI0eH30XMHOJUHOB B K-1™ mcXomHBIX 1
TEPMOJIM30BAHHBIX CMOJI.
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Fig. 1. Distribution of alkylquinolines in K-1* of the initial and
thermolysed resins
3akntoyeHue

Ha ocHoBaHWY IPOBEJEHHOr0 MCCICNOBAHNS yCTa-
HOBJIEHO, UTO a30TOPraHWYecKNe OCHOBAHUSA WCXOJ-
HBEIX U TepmompeobpaszoBauubix (450 ‘C, 30 muH,
MHEepPTHAsA cpefa) CMOJI MeTaHO-HAa()TeHOBOW He(TH
KpanuBrHCKOTO MeCTOPOKAEHUA MPEACTABICHBI BhI-
COKO- M HU3KOMOJEKYIAPHbIMHU coefunHeHuaMu. Ilo-
KasaHo, YTO BCe a30TOPraHNYeCKUe OCHOBAHUSA B TEp-
MOJIM30BAHHBIX CMOJIAX SBJIAIOTCA IIPOAYKTAMU Je-
CTPYKIIMY BHICOKOMOJIEKYJIIPHBIX COETMHEHWN UCXO/I-
HBIX CMOJI. B 000UX THIIaX CMOJI IIPe06.1afatoT BHICOKO-
MOJIEKYJISPHBIE OCHOBAHU A, OTHAKO UX JOJIS B TEPMO-
JIM30BAHHBIX CMOJIAX CYIIECTBEHHO HuKe. TepMompe-
00pa3oBaHHBIE COETMHEHNSI MMEIOT MEHbINNe 3Haue-
HUS CPEeJHUX MOJIEKYJIAPHBIX Macc, uyeM HCXOIHbIE.
WX cpennue MOJEKYJIBI XapaKTePU3YIOTCSA IIOBHIIIEH-
HOI apOMaTHYHOCTHIO 34 CUET CHUIKEHUA J0IU HadTe-
HOBBIX ¥/UIU ATKUIBHBIX YTJIEPOTHBIX ATOMOB.
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TRANSFORMATIONS OF ORGANIC NITROGEN BASES IN RESIN COMPONENTS
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The relevance of the work is caused by the need to obtain information on thermal stability of organic nitrogen bases in resin com-
ponents of the Upper Jurassic methano-naphthenic oil recovered from the Krapivinsk deposit located in the Tomsk Region to solve the
problems associated with oil processing.

The aim of the research is to obtain data on directions of thermal transformation of organic nitrogen bases in oil resins recovered from
the Krapivinsk deposit.

Methods: complexing, extraction, 'H NMR spectroscopy, structural-group analysis, chromatography-mass spectrometry.

Results. Based on the study of compositions and structures of organic nitrogen bases in the resins of the Krapivinsk oil before and af-
ter thermal treatment (450 °C, 30 min, inert medium), it was shown that at thermolysis under the selected conditions the partial des-
truction of high-molecular bases and complete loss of low-molecular bases occur. All bases in the thermolysed resins are the transfor-
mation products of high-molecular compounds in the initial resins. It was found that high-molecular compounds constituted a major part
of the bases in the resins before and after thermal treatment, however their portion in the thermolysed resins was much lower. Therma-
lly transformed bases have lower average molecular weights as compared with the initial ones. The compositions of the isolated compo-
unds were studied by structural-group analysis and gas chromatography-mass spectrometry. It was shown that average molecules of the
organic nitrogen bases of both resin types were composed of aromatic, naphthenic and alkyl fragments. In the average molecules of the
compounds in the thermolysed resins the portion of aromatic carbon atoms was higher due to a decreased portion of naphthenic and
alkyl carbon atoms. Alkyl derivatives of quinoline, benzoquinoline, dibenzoquinoline and azapyren, among which alkyl benzoquinolines
predominate, are presented in the initial and thermolysed resin bases. An increased content of alkylquinolines is a feature of azaarenes
in the thermolysed resins. Less developed alkyl substitution and a higher portion of low-molecular homologues are typical for thermally
transformed structures.

Key words:
Resins, organic nitrogen bases, thermal transformations, content, composition,
structural-group analysis, chromatography-mass spectrometry.
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