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An IR-spectroscopic analytical method is offered for an appraisal of comp-
leteness of separation of shale oil fraction 320-360 °C into phenols and hyd-
rocarbons. A linear relationship between relative optical density of phenol
hydroxyl and its concentration in shale oil gasoline fraction has been found.

Jlrobast Qpakuus CIaHLEBOW CMOJIbI CONEPIKHT COTHH Pa3IUYHBIX XHUMH-
YEeCKUX coelMHEeHuH. Tak, B JierkocpeHuX (QpakuusaX UACHTH(GHUIHUPOBAHO
6onee 400 MHOAUBUIOYAIBHBIX CTPYKTYPHBIX 3JIEMEHTOB, MPHHAMIEKAIINX K
Pa3IUYHBIM KJIacCcaM.

Ocoboe mMecTo B nepepaboTKe M UCTOJIb30BAHUM CIAHLIEBOW CMOJIBI 3a-
HUMAIOT deHobl, cocTaBmstomue 20-25 % cymmapHoi cmosbl. CliaHIeBbIe
(heHONBbI MPENCTABIEHb] CI0XKHOM CMECHIO THAPOKCUIICOAECPIKALIMX KOMITO-
HEHTOB: OT OKCHOEH30J1a M €ro aJKUJITNPOM3BOJAHBIX, HH/ACHOJIOB, HATOIOB,
JUOKCHHA(TAIMHOB, PEe30pLMHA U €ro ajlKWI- U aJIKEHUITNPOU3BOIHBIX JI0
BBICOKOKUMAIIUX (EHOJIOB CIIOKHOW CTPYKTYpHI [1].

JlaHHBIE OMNpenesneHns] OPraHMYEeCKUX COCAUHEHUH XUMHUECKUMH METO-
JlaMH, OCHOBaHHBIMHM Ha PeakUMAX UX (YHKLMOHAJIBHBIX TPYII, HE OTpaXka-
FOT UCTHHHOTO COJIEPYKAHUSI KOMIIOHEHTOB: YYBCTBUTEILHOCTh TAKHX METO-
J0B Oojiee YeM Ha MOPAAOK HHXKE, YeM y MHCTPYMEHTAbHBIX [2], mpuuém
4YeM MEHbLIE COAepKaHUE ONpPEAEsIeMbIX TPy, TeM 00Jblile MOTPEIHOCTh
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XMMHYECKOro aHanu3a. Ero gaHHple MOTyT OKa3aThCs 3aBbILICHHBIMH B
cllydae MpOTEKaHWs MOOOYHBIX peakUuil WM, HA0OOpOT, 3aHUKEHHBIMH,
€CJIM peaKiysi NPOXOJUT HE MOJTHOCTBIO.

Kpome Toro, xMmu4eckue MeTOMBl TPYHAOEMKH, TPeOyIOT TLIATEelbHOM
MOJArOTOBKK peareHToB (00e3BOXKHMBaHHE, NMEperoHka) U OoNbLIMX 3aTpar
BpPEMEHH. A METOJ alleTUIIMPOBaHMS, UCIIOIb3YEMbIM /ISl ONPENEIEHHs TH/I-
POKCHIIBHBIX IPYIII NP aHAJIM3€e CIAaHLEBOH CMOJIBI U ee pakuuid, TpedyeT
emé W CreluraTbHOM MOArOTOBKA pPEareHTOB: YKCYCHOrO aHTHMApUAA MU
NMUPHUIUHA.

Creiyet Takke OTMETHTb, YTO HEKOTOpbIE 3aMeLIeHHbIE (PEHOJIBI C BBICO-
KAMH KOHCTaHTaMH WOHH3aluHu (Harmpumep, 2,4-TIUHUTPOGEHON U 4-OKCHU-
OeH30#Hasi KUCI0Ta) HE PearrpyroT ¢ YKCYCHBbIM aHTHMIPUIOM B MUPHIMHE.
Jns Takux COeOMHEHWW pPEeKOMEHAYeTCsl NMPUMEHSTbh HEHTpajbHBIA pacT-
BOpHTE/b — AMMETHIIOBBIA 3GUp AUMETHIEeHIIHKOsA. CTepruyecKy 3aTpy/-
HEeHHbIE ()EHOJIBI MOJIHOCTBIO ALMJIMPYIOTCS YKCYCHBIM aHTHAPHAOM B MpPU-
CYTCTBUHU XJIOPHOW KUCJIOTHI MIPU UCIIOJIb30BAHUH B KaU€CTBE PAaCTBOPHUTEIS
sTHaueTaTta. B TO ke Bpems peareHTbl, COAepIKallle XJOPHYK KHCIIOTY,
CPaBHUTEIBHO MaJIOYCTOMUYMBBI, U TIEPel KaX/IbIM aHAJTU30M UX MPUXOAUTCS
TOTOBHUTH 3aHOBO [3].

Takum 0Opa3oM, XUMHUECKHE METO/bl aHAlIM3a CTOJIb CJIOKHOW CMECH,
KaK claHUeBas cMoJia, TpeOyloT TIIaTelbHOH pa3paboTKH YCJIOBHM MpoBe-
JCHUS PEeaKLUH U MO3BOJISIOT ONPEAEesTh COASP>KaHUE TOJIBKO OTAENbHBIX
(YHKLHMOHAJIBHBIX TPy (HarnpuMep, rUAPOKCHIIBHBIX UK KAPOOHUIIBHBIX).

Jlng aHanu3a ClIaHUEBBIX MPOAYKTOB Oosnee HMHGOPMATHBEH METOJ
HK-cnekTpockonuu, MocKoJIbKy OH MO3BOJISIET OJHOBPEMEHHO (PUKCHPOBATH
M3MEHEHHs] BCEX OCHOBHBIX CTPYKTYPHBIX 3JIEMEHTOB: T'MAPOKCHIIBHBIX U
KapOOHMJIBHBIX TPYMI, ApOMaTHYECKUX U aTu(aTHUECKUX CTPYKTYp, CBSA3U
C-0.

B nanHoi#l crartee mpemiaraercs ucnosb3oBath merton MK-crekTpocko-
MUK 7151 OLIEHKU TOJIHOThI pa3fesieHHs Ha (peHOJbHYIO U YIIeBOAOPOIHYIO
yactu ¢pakuun 320-360 °C cnanueBoi cmoiibl. OnpeseneHHe OCHOBHBIX
CTPYKTYPHBIX 3JIEMEHTOB B 3KCTpPAaKTe WM paduHaTe OCHOBAHO HA HM3Me-
pPEHMHM HWHTEHCUBHOCTH TM0JOC TOMIOEHUS (EHOIbHOrO THAPOKCHIIA
(3400 cm™"), kapGouunbHo# rpymmsl (1700 cM™'), apomMaTHYeCKHX CTPYKTYP
(oxonmo 1600 cm™), ceazu C-O (1150 cm™') u amudparhueckux CTPYKTYp
(2930 cm™). KonuuecTBeHHble M3MEHEHHMS MOJIOC MOMTIOLIEHHUS H3y4aeMbIX
CTPYKTYPHBIX 3JIEMEHTOB OTCJIEXKHMBATH OTHOCHUTEIIBHO MOJIOCHI MOTJIOLIEHHS
amupaTrueckux cTpykTyp (2930 cm™'). KoadduumeHTsl norIommeHus ornpe-
nensiny no 3akoHy byrepa-JlamGepra-bepa ¢ ucnonb3oBanueM MeToa 6a3o-
BoH nuHuM. MK-cnekTpbl perucTpupoBani Ha cnekrpodoromerpe UR-20 B
o6mactu 4000700 cv ' (paspewatomas crocoGHOCTh npubopa 5 cm ™) npu
TouHe ciost npoosl 0,06—1 MM.

CneKkTpasbHble XapaKTePUCTHKH MCXOQHOM (DpaKLKK CIAHLIEBOW CMOJIbI
1 MPOJYKTOB €€ pas/ie/IeH|ss METOZI0M NPOTHBOTOYHO#M dKcTpakuuu 10-mpo-
LUEHTHBIM BOJHBIM PaCTBOPOM THMAPOOKHCH HaTpus (Tabm. 1) cBHmeTenbeT-
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BYIOT O TOM, YTO OTHOCHUTE/IbHOE MOIJIOLEHHUE THAPOKCHIIA B YIIIEBOAOPO/I-
HOW YacCTH MeHbIle, YeM B (DeHOJIbHOW, U YMEHBIIAETCSl OT MEePBOM CTYINEHH
9KCTPaKLMH KO BTOpoi. B heHONbHON YacTu Bo3pacTaeT 01 TMAPOKCHIIA U
apoMaTHYeCKUX S[ep U YBEJIMYMBAETCS WHTEHCHBHOCTB MOJIOCHI MOTJIOLIE-
Hus cBs3u C—O. B yriieBoI0poIHbIX YaCTsIX, MO CPABHEHHIO ¢ (DEHOJIbHBIMH,
nocnae 00erx CTyMeHel SKCTpaKLMK MOBBILIAETCS COepIKaHHe KapOOHHIb-
HBIX COEJIMHEHMH.

Tabnuya 1. CnexkTpajibHble XapaKTepUCTHKH (PEeHOJILHOI

U YIJIeBOAOPOAHOM YacTeil ppakuuu ciianueBoii cMosbl 320-360 °C
Table 1. Spectral Data of Phenol and Hydrocarbon Parts

of 320-360 °C Shale Oil Fraction

[Tpoxykt AHAIUTUYECKHE TTOJIOCHI OTTOMIEHHUS, CM

2930 1600 | 3400 1150 1700

@Dpakius CIaHLEBOH CMOIbI 1,000 | 0,174 | 0,398 | 0,123 | 0,054
[TepBas cTymeHb 3KCTPAKU KUK

®deHonbHAS YacTh (paduHaT) 15000%(“ 0,364 '|“0,311 0,156 | 0,041

YrneBogopoaHas yacth (akerpakr) | 1,000 | 0,259 | 0,164 | 0,020 | 0,088

BTopau CTYNEHb 3KCTPAKIUH

DenonbHAs 4acTh (paduHar) 1,000 | 0,599 | 0,576 | 0,318 | 0,024
VYrneBonopoanas yacts (3kerpakr) | 1,000 [ 0,186 | 0,122 | 0,019 | 0,052
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3aBHCHMOCTb OTHOCHUTENILHOI OnTHYecKoi miotHocT OH-rpymm
OT MX KOHLEHTpaUuH B 6EH3MHOBO (paKkLKU ClIaHLIEBON CMOJIBI
Dependence of the relative optical density of OH-groups

on their concentration in oil shale gasoline fraction
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JI1s KOJTMYeCTBEHHON OLIEHKU COJIepyKaHus TMIAPOKCUIIbHBIX IPYIINI KaK B
SKCTpaKTe, Tak M B paduHaTe MocTpoeH kanuOpoBouHbli rpaduk. Cepuro
KaJTMOpPOBOYHBIX PACTBOPOB TOTOBWJIM pacTBopsis (eHos (okcuOeH301) B
OeH3WHOBOM (paklUMK CcaaHUueBoW cMmosbl. [l 3TUX pacTBOPOB ObuIM
omnpezesieHbl OTHOCUTENbHBIE (K mosoce 2930 CM ') ONTHYECKHE TUIOTHOCTH
(heHOIBHOr0 THAPOKCHIIA, U Ha OCHOBE MOJIyYEHHBIX JaHHBIX YCTaHOBHUIIM
3aBUCUMOCTb BEJIMYMHBI OTHOCHTEJIILHOW ONTHYECKOW MJIOTHOCTH THAPO-
kewta Doy’™ ot ero konuentpauun C,, (Macc.%) B GeH3HHOBOW (pakiuu
CJTAaHLEBOM CMOJIbI. DTa 3aBUCHMOCTb OMKCHIBAETCSl YpPaBHEHHEM MpPSIMOM,
k03¢ puument koppensuuu 0,983 (prcyHOK).

JlaHHBIA METOJ MCIMOJIB30BAH HAMH /ISl aHAJIU3a MPOAYKTOB pa3[esIeHuUs
¢bpakuun cinanueBoi cmonbl 320-360 °C myTéM SKCTpaKLMKU C UCTIOIb30Ba-
HHEM J[IByX pacTBOpHUTened — rekcaHa W aumetwidopmamuaa ([AMD).
VYcoBUs SKCIEPUMEHTOB U MX pe3y/1bTaTbl PUBEACHbI B Ta0I. 2.

OKCTpakThl ¥ paduHaThl aHAIM3UPOBAIM TOCJE yJaJIeHUs] PaCTBOPUTE-
neit. B onbitax 5 U 6 skcTpakThl 06€Ux CTyrneHei ObUIM COeTUHEHBI BMECTE
Y TIPOMBITBI B OMBITE 5 BOJOH, a B onbiTe 6 — cHavana JIM®, a 3ateM BOJIOH.
W3 Tabn. 2 BugHo, 4yro comepkanue OH-rpynn B yriieBOZOpOJHOW 4YacTH
BO3pacTaeT OT MEPBOM CTYNEHH IKCTPaKLMH K TpeTbel. B eHonbHOM HacTu
conepxkanne OH-rpynn cocraBnser 13—19 %. B onbite 6 10CTUrHYTO MUHHU-
MajbHOe cozepkanue OH-rpynm B yrieBomopogHod uyactd — 1,6 %, B
(heHOTBLHOM YacTH OHO cocTasisier 14 %.

CnenoBaresibHO, MpeaIaraéMblii METO/ MO3BOJISIET ONEPATUBHO KOHTPO-
JIMPOBaTh U3MEHEHHUsI OTHOCHUTE/IbHBIX KOJIMYECTB psifia BAXKHEHUIIUX CTPYK-
TYPHBIX 3JIEMEHTOB CJIAaHLIEBOM CMOJIbI M BBIOMpATh CaMblii ONTHMAIbHBIH
criocob ee obecheHoTMBaHUS.

Tabnuya 2. Pe3yJbTaThl ONBITOB N0 pa3aenenuo ¢ppaxuuu 320-360 °C
CJIaHLIEBOH CMOJIbI HA YIJIEBOJOPOAHYIO H (DEHOJILHYIO YACTH

Table 2. Experimental Results of Separation

of Shale Oil Fraction 320-360 °C into Phenols and Hydrocarbons

< | Crynens OOBEMHOE OTHOIICHHE Coneprxanne OH-rpynm, %

2 | okcTpakumu | (ppaxims : rekca : IM®

IS VrnesonoposaHas | @eHoNbHAs

4acTh (9KCTpakT) | yacts (paduHar)

1 -5 L:2:05 2.5 He onpeaensnu
2-5 1:2:0 6,0 He onpenensiiu
3-5 1:2:0 ~20 18

2 |1 JisD ] 3.8 He onpenensnu
2-9 1:2:0 4.6 He onpenensiu
3-q 1852510 10,3 >15

3 |1ls 11,5405 ) 13

4 | 1-s (0 (0] 6,8 He onpenensinu
2-5 15000 6,7 14

5 |la T 1205 44 He onpexnensinu
2-4 1:1:0 ! 15

6 |1-s 1, 4150,5 16 He onpenensu
2-51 |18 ) i 14
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Summary

Chemical methods of functional group determination of a complex mixture like
shale oil require careful development of analysis conditions. They enable to deter-
mine only the concentration of separate groups (e.g. hydroxyl and carbonyl ones).

IR-spectroscopic method offered for an appraisal of completeness of shale oil
separation into phenolic and hydrocarbonic portions gives more information, as it of-
fers to fix simultaneously the changes in all basic structural elements, such as hydro-
xyl and carbonyl groups, aromatic and aliphatic structures, and C-O bond. The
IR spectra are recorded by an IR-20 spectrophotometer within the range of 4000-
700 cm™.

A calibration curve has been developed for quantitative appraisal of hydroxyl
group concentration of the extract as well as of the raffinate. A number of calib-
ration solutions was prepared by dissolving phenol in the gasoline fraction of shale
oil. For these solutions, relative optical densities of phenol hydroxyl groups were
determined (relative to the spectrum band 2930 cm™). A linear dependence of the
relative optical density of hydroxyl groups on their concentration in the gasoline
fraction of shale oil (correlation index 0.983) has been found.

The method offered enables a quick determination of quantitative changes in
shale oil basic structural elements (particularly, in hydroxyl groups) and selection of
optimum methods for oil dephenolization.
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