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PECYPCHI BOJTOPACTBOPUMBIX AJIKHJIPE3OPIIHHOB
B JUCTHJISTHBIX ®PAKIIHSIX CMOJbI
BBICOKOIIPOU3BOJAUTEJbHBIX CJAHIEBBIX TEHEPATOPOB

In the previous work [1], the total amount of water-soluble alkylresor-
cinols formed by processing kukersite shale in high-capacity generators
of high unit capacity was determined.

The present research aims at studying the partition of alkylresor-
cinols resources between the distillates obtained from the primary (con-
densate) fractions of shale oil.

Experimental Part

Shale oil fractions taken from the condensation system of the GGS-6
generator unit, “Polevkivikeemia” Production Association, were subjected
to study. The middle-light (density 996.7 kg/m®) and heavy fractions
(density 1037.6 kg/m®) were rectified in an APN-2 laboratory. rectifi-
cation unit (20 theoretical plates) to distillates with boiling ranges below
230, 230—280, 280—300, 300—320 and 320—350 °C. The rectification
conditions were as follows: the distillate stilling rate 0.72 kg/h, the
residual pressure by stilling off the fraction below 230 °C — atmosphe-
ric, by stilling off the fractions from 230 to 350 °C — 0.6—0.7 kPa. The
above distillates (Table 1) were analysed for the content of water-soluble
phenols by the methods described in [1—4]. The same analysis was app-
lied to the mixed distillates with ranges 230—300°, 230—320° and
230—350 °C obtained by mixing the narrow fractions in proportions
corresponding to their distillation yield. The fraction boiling below
230 °C contained water-soluble phenols in insignificant amounts. That
is why this fraction was not analysed in detail.

There is a good agreement between the amounts of both the total
phenols and their main compounds in narrow fractions, and their mix-
tures. The reproducibility of the results obtained in this work allows
data on narrow fractions (Table 2; Fig. 1) to be presented only.

Hence, the main part of water-soluble phenols of the middle-light
fraction going into the distillate is contained in fractions boiling below
300 °C. This applies to most abundant compounds (5-MR, 2,5-DMR,
5-ER and 4,5-DMR), especially those whose content in fractions with
ranges 300—320 and 320—350 °C is insignificant (Fig. 2a). At the same
time, “the other AR” are distributed between the fractions almost uni-
formly.

The content of 5-MR and 2,5-DMR is the highest in phenols of the
fraction 230—280 °C, that of 5-ER in those of the fraction 280—300 °C.
The content of 4,5-DMR in phenols of both the fractions is almost equal.
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Fig. 1. Content of the most abundant AR in water-soluble phenols

of oil distillate fractions from generators of high unit capacity, %:

a — phenols of the middle-light fraction; & — phenols of the heavy

fraction. Distillate fractions: 1 — 230—280°C, 2 — 280—300 °C,
3 — 300—320 °C, 4 — 320—350°C, 56 — 230—350°C
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Fig. 2. Partition of the most abundant AR berween oil distillate
fractions from generators of high unit capacity, % of their total
amount in distillates: ¢ — phenols of the middle-light fraction;
b — phenols of the heavy fraction. I — 5-MR, 2 — 2,5-DMR, 3 — 5-ER,
4 — 4,5-DMR, 5 — “the other AR”
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Table 2. The concentration of water-soluble phenols in oil distillates from
high-capacity generators, kg /m?

Tabauya 2. KoHmeHTpanusa BOXOPACTBOPHMBIX (DEHOJNOB B NHCTHIIATHBIX
(paKmAAX CMOJBI BHICOKONPOH3BOIHTEIBHBIX TeHEPATOPOB, Kr/M°

Compounds Distillates, °C
230—280 280—300 300—320 320—350

The middle-light fraction
Monoatomic phenols 2.82 0.12 0.19 0.36
R 0.72 0.01 0.04 0.03
2-MR 0.57 0.10 0.05 0.04
4-MR 0.63 0.01 0.01 0.01
5-MR 6.15 1.70 0.25 0.25
2,5-DMR 4.59 1.86 0.11 0.09
5-ER 3.19 5.89 0.83 0.16
4,5-DMR (- 2-E5MR) 4.66 6.77 0.63 0.11
2-M5ER 2.25 3.60 0.93 0.06
The other AR 9.07 32.85 34.79 16.24
Total 34.65 52.89 37.82 17.34
Including the 8 main

compounds 22.76 19.92 2.84 0.74
The heavy fraction
Monoatomic phenols 2.16 1.16 1.01 1.29
R 2.98 1.55 0.56 0.41
2-MR 1.90 1.10 0.47 0.20
4-MR 2.22 2.26 0.42 0.21
5-MR 19.07 81.26 11.40 2.46
2,5-DMR 813 20.97 2.50 0.59
5-ER 2.45 32.58 22.65 1.72
4,5-DMR (+2-E5MR) 5.02 29.17 15.60 1.14
2-M5ER 1.85 11.14 6.20 0.52
The other AR 5.48 28.78 64.73 25.36
Total 51.26 209.97 125.54 33.90
Including the 8 main

compounds 43.62 180.03 59.80 7.25

The content of “the other AR” is significant in phenols of the fraction
230—280 °C. These compounds are prevailing in phenols of high-boiling
fractions.

In the distillates of the heavy fraction, whose content of water-soluble
phenols is higher than that of the middle-light fraction, the maximum
AR-content is observed in higher-boiling fractions: 5-MR — in phenols
of the fraction 280—300 °C, 5-ER and 4,5-DMR — in fractions 280—300
and 300—320°C (Fig. 1b). Hence, these compounds are concentrated
mostly in distillates boiling at 280—320°C Fig. 2b). The fraction
320—350 °C contains mainly “the other AR”.

Such a change in the location of a maximum content of alkylresor-
cinols in distillates seems quite regular since AR form with hydrocar-
bons a solution with the positive nonideality (the volatility of compo-
nents is higher than in an ideal solution). The less the concentration
of AR, the higher their coefficients of activity. That is why by distil-
lation of the middle-light fraction poor in AR these compounds go into
the distillate at lower temperature range than by that of the heavy
fraction. This temperature range is also a few grades lower than the
real boiling points of the corresponding individual compounds.

The total amount of water-soluble phenols in the distillates is about
15 kg per m’ of total oil or about 2.5 kg on processed shale (Table 3).

It is remarkable that distillates boiling below 3850 °C contain only
about 70 % of total water-soluble phenols and 65—80 9% of the most
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Table 3. The quantity of water-soluble phenols in distillates from high-capacity
generators

Tabauya 3. KoxmuecTBO BOJOPACTBOPHMBIX (DEeHOJIOB B JHCTHIIATHBIX (PpaKmusax
CMOJBI BHICOKONPOU3BOJHTEJIbHBIX T€HEPATOPOB

Compounds The middle-light fraction The heavy fraction Total
kg/m? of kg/tof oil kg/m’of  kg/tofoil kg/m?of kg/t of oil
waterless shale waterless shale total oil shale
raw rectifi- raw rectifi-
cation oil cation oil
Total 9.0—9.5 0.88—0.93 23—26 1.5—1.7 14.5—16.0 2.4—2.6
including:
the 8 main
com-
pounds 3.4—3.8 0.33—0.38 15.5—15.8 1.02—1.04 8.2—8.7 1.35—1.42
5-MR 0.77—0.83  0.07—0.08 6.0—6.2 0.39—0.41 2.8—3.0 0.46—0.49
2,5-DMR 0.61—0.64 0.06—0.07 1.77—1.80 0.11—0.12 1.04—1.16 0.17—0.19
5-ER 0.65—0.70  0.06—0.07 3.0—34 0.20—0.23 1.59—1.83 0.26—0.30
4,5-DMR

(+2-E5MR) 0.85—0.90 0.08—0.09 2.6—2.7 0.17—0.18 1.52—1.65 0.25—0.27
The other §
AR 4.9 —5.9 0.48—0.58 7.5—9.5 0.50—0.65 6.0 —7.5 0.98—1.23

abundant individual AR contained in primary condensate shale oil frac-
tions, i.e. it is a significant shortfall in the balance of water-soluble
compounds. This can easily be proved by comparing the results of this
paper with those of [1].

The maximum content of the most abundant compounds is noticeable
in distillates boiling below 350 °C. In the fraction 320—350°C their
concentration is trifling. This circumstance excludes the possibility
of a significant loss of AR with the residue of distillation.

The deficiency of water-soluble compounds in the balance enforced
a thorough check-up of the results of analysis. Nevertheless, errors
which could distort the results were not found. Moreover, an analogical
shortage was also observed by distillation of oil in a solid-heat-carrier
unit.

Evidently, this phenomenon may be explained by significant chemical
transformation of AR in the distillation process, for example, by their
condensation with the other components of primary oil. In any case,
the behaviour of resorcinols by distillation requires further study.

J. B. THHEMA, JI. H. MEJIBJIEP, X. A. TAMBEJIHYC

PECYPCBI BOIOPACTBOPHUMBIX AJIKHJPE3OPIIHHOB
B JHCTHJIJATHBIX ®PAKIHUAX CMOJIbBI
BBICOKOITPOU3BOAHUTEJIBHBIX CJIAHIIEBBIX 'EHEPATOPOB

Pe3rome

Ilesns cTaThm — H3y4YeHHE paclIpeesieHHs ITOoTeHIHaja aJKWIpe3opuuHoB (AP)
MeXAY AUCTHUIUISTAMM, IOJYy4YEeHHBIMH M3 IEePBHYHBIX (KOHAEHCATHHIX) (bhpakmui
CMOJIBI BBICOKOIIPDOM3BOAUTEJHHEIX CJIAHIEBBIX I'eHEPaTOPOB.

Ons nonydeHHs JUCTWINATHBIX (paknuii (Tabs. 1) Ha saGopaTopHOH ycra-
HoBke APH-2 (20 TeopeTHUYeCKMX TapPEJIOK) NPOBEJIX DPEKTHMOHKALUIO IEPBHYHBIX
¢dpakuuil JIETKO-CpefHEH M TSMKEeJOH CMOJIBI, OTOOPaHHEIX C KOHJEHCAIMOHHOM
cucremsl ITC-6 IIO «Cnannmexum». PpaKnuu aHAJUSHDPOBATIH HA COAEPIKaHHE
BOZOPACTBOPUMEIX (DEHOJIOB.

W3 pe3ynbTaTOB aHAJM3a JUCTUINATOB (Tabi. 2; puc. 1) BEITEKaeT, YTO OCHOBHAA
YacTh BOJOPACTBOPHMBIX (DEHOJIOB JIETKO-CPEZHEH CMOJIBI COZEPKHTCS BO (pax-
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muax xo 300 °C. Oco6eHHO 3TO OTHOCHTCHA K YeThipeM Haubojiee pacIpOCTPaHEH-
HBEIM KOMIIOHEHTaM (5-MeTwJs-, 2,5-ZuMeTHI-, 5-9THI U 4,5-IMMeTHJIPe30PIHHEI),
ZOJA KOTOPHIX BO dpakmuax 300—320 u 320—350 °C mHuuroxHa (puc. 2a). B puc-
THJUIATAX THMKEJIOH CMOJIEI, ropa3fio Gosee GOraThlx BOZOPACTBOPHMMEIMH (heHO-
JIaMH, MAKCUMYM coiepskaHus AP CABHHYT B CTOPOHY 60jiee BBICOKHX TEeMIIEPATyp
KuneHus ¢paknuu. BeseacTBHe STOrO OCHOBHOE KOJIMYECTBO Haubojee pacmpo-
CTPAHEHHBEIX KOMIIOHEHTOB KOHIEHTDHUDYETCS B JUCTHIIATAX, BBIKMIAIOIIUX
B obnactu temneparyp 280—320 °C (puc. 28).

Taxkoe ABJE€HHE M3MEHEHUS MECTA DACIIOJIOKEHHS MaKCUMyMa cojgep:kaHus AP
B JUCTHJLIATE O0BscHserca TeMm, 4yTo AP o06pasyioT ¢ yrjaeBozopozaMu pPacTBOD
C IOJIOMK MTEJIbHOM HEWZeabHOCTHIO (JIETy4ecTh KOMIIOHEHTOB BEIIIE, Y€M B ULealb-
HOM pacTBOpe).

O611ee KOJIMYECTBO BOAOPACTBOPHMEIX (DEHOJOB B AUCTHUJIIATHBIX (PaKiuax
cocraBisgeT okoyo 15 kr va 1 m® cymMmmapHo#t cMosl wau okoso 2,5 kr Ha 1 T HCXOA-
HOro cyjaHna (Tab6a. 3).

B guctuanarax po 350 °C comepXuTCA TONBKO OKO0JO 70 % cyMMapHBEIX BOJO-
pacTBOpUMEIX (heHOJIOB U 65—80 9, HaubGosee pacIpOCTPAHEHHBIX WHIWBHIYAJb-
HBIX AP, TO ecTh HabuIofaeTcsas 3HAUMTEJbHBIH AepUUUT B OajaHCe BOZOPACTBO-
PHUMBIX COeZWHEHHH, COLEPIKAIUXCA B INEePBUYHBIX KOHAEHCATHHIX (paKIiusax
cmonbl. Tak KaKk MaKCHMyM COZepXXKaHHUA Haubosee PacIpOCTPAHEHHBIX WHWBH-
ayanbHBIX AP B muctuinare Hamuoro Hmxe 350 °C, a Bo dpakmuu 320—350 °C
KOHIIEHTPAIUA STHX COeAMHEHUIN HUUYTOKHA, UCKIIOYAETCH BOZMOYXKHOCTEH CKOJIBKO-
HUOYAP 3HAYUTENbHBIX moTeph AP c ocraTkoM aucTuiansuuu. [losTomy medumur
B 6anance AP MoxeT GBITH OOBACHEH TOJBKO MX XMMHUYECKHUMH IIPEBPALEHUAMU
B XOJe NUCTUJIJIAIUAU, HAaIpUMeD NOJUKOHJAEHCAIUEH C APYTMMHM KOMIIOHEHTAMU
MEePBUYHONH CMOJIEBIL.
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