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The water-soluble alkylresorcinols (AR) formed by processing kukersite
shale are widely used as a raw material for synthesis of chemical pro-
ducts. That is why the problem of their resources in both retort water
(oil-shale tar water) and different oil fractions is topical.

The composition and amount of water-soluble phenols in shale oil
and retort water have been investigated in a number of works [1—10].
Nevertheless, no reliable information has been obtained about resources
of the water-soluble AR formed by oil shale semicoking in generators
of high unit capacity (throughput up to 1.000 t/d, Production Asso-
ciation “Slantsekhim”). The partition of AR between the retort water
and different shale oil fractions formed in the condensation system
has not been researched at all, although conditions of raw gas condensa-
tion in high capacity generators are not identical with those used in
old generator units.

The present work aims at determining the total amount of water-
soluble phenols in the products formed by oil shale semicoking in gene-
rators of high unit capacity.

Experimental part

Fractions of total shale oil and retort water taken from the condensation
system under normal working conditions of generators were investi-
gated. The yield of shale oil and retort water is 166.1 and 241.5 kg per t
of raw shale, respectively.

Of the total oil yield, the middle-light (density 996.7 kg/m?’) and heavy
fractions (density 1037.6 kg/m°) made 58.8 and 41.2 9%, respectively.

Shale oil fraction 100—200 g samples were diluted with the benzine
fraction from 1: 1 to 1 : 3 (by volume) to achieve the density lower than
980 kg/m’, and extracted with an equal amount of water by intensive
mixing to achieve the equilibrium between the aqueous and organic
phases. The extraction was carried out in a separating funnel at
50 4+ 2°C.

The total amount of phenols in the aqueous phase was measured by
standard methods (phenols were condensed with formaldehyde), that
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of individual ingredients by gas chromatography [11]. For chromatogra-
phic analysis water was azeotropically driven off from the water
extracts and phenolic samples were dried at a temperature of 86—90 °C
and residual pressure 2.5—3.0 kPa.

The use of this method of analysis was conditioned by the presence
of mechanical impurities and soluble mineral salts in shale oil conden-
sate fractions. They were difficult to remove even by repeated dis-
solution of phenols in acetone. Therefore measurement of the total
quantity of phenols in aqueous extracts by the residual mass after the
azeotropic driving-off of water gives increased results.

Gas chromatography was used to measure the concentration of the
following components in the samples of phenols: monoatomic phenols
(total), resorcinol (R), 2-methyl- (2-MR), 4-methyl- (4-MR), 5-methyl-
(5-MR), 2,5-dimethyl- (2,5-DMR), 5-ethyl- (5-ER), 4,5-dimethyl- (4,5-DMR)
and 2-methyl-5-ethylresorcinol (2-M5ER). The above-named eight indi-
vidual AR were called “eight main compounds”, the other long-chain
alkyl resorcinols present in the aqueous phase — “the other AR”.

The same method was applied to industrial tar water from the genera-
tor gas condensation system.

The concentration of eight individual AR and the sum. of water-
soluble phenols in shale-oil fractions were calculated from the results
of five extractions, using the method of extrapolation to an infinite
number of contacts described in [7, 8]. The total concentration of mono-
atomic phenols was taken equal to their total quantity in five aqueous
extracts. The concentration of “the other AR” was obtained by sub-
tracting the concentration of the latter and eight main compounds from
the total concentration of water-soluble phenols.

Total mass balance of water-soluble phenols

Data on concentration and composition of water-soluble phenols in pri-
mary condensate fractions (Table 1) show that the content of water-
soluble phenols, in particular that of high-water-solubility ones, in the
middle-light shale-oil fraction is low. Thus, the sum of concentrations
of the most abundant four AR makes up only 3.8 kg/m?® (less than 30 %
of total water-soluble phenols), the concentration of 5-MR being 1.0 kg/m*
(less than 8 9 of water-soluble phenols). At the same time, water-soluble
phenols are present in the heavy fraction in considerable amounts, the
share of four most abundant compounds exceeding 60 %, 5-MR 30 %.

The low content of high-solubility phenols in the middle-light fraction
may be explained by good contact of this oil fraction with retort water
in the condensation system. Therefore, the phenols present in retort
water are enriched with these compounds (four most abundant com-
pounds making about 60 %, 5-MR 30—35 %).

The total yield of water-soluble phenols from high capacity oil shale
generators is over 5.5 kg per t of processed oil shale, while that of 5-MR
exceeds 1.5 kg/t (Table 2). The heavy fraction contains about 40 % of
water-soluble phenols (Table 3), the content of all individual AR varies
within a relatively narrow range — 38—48 9 of their total amount.

This shows that the condensation of AR in the condensation system
of high-capacity generator units occurs almost nonselectively. That is
why before contacting with water, the content of different AR in pri-
mary shale oil fractions depends mainly on the relative yield of fractions.
Only the middle-light fraction is in contact with retort water. The AR
condensing with this fraction partly go into retort water (according
to their tendency to be dissolved in water). The average extraction ratio
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Table 1. The concentration and composition of water-soluble phenols in primary
products from high-capacity generator

Tabruuya 1. KOHIEHTPAIMA U COCTAB BOAOPACTBOPHMEIX (heHOJIOB B NEePBHYHBIX
NPOAYKTAX BHICOKOIIPOM3BONMTEIBHBIX IeHEpPaToOpPoB

Compound The middle-light The heavy The retort water
fraction fraction
kg /m? % kg/m?® % kg /m® %
Monoatomic phenols 0,54 4,0 0,65 1,9 0,28 3,2
R 0,07 0,5 0,85 2,4 0,26 2,9
2-MR 0,08 0,6 0,38 151 0,12 14
4-MR 0,07 0,5 0,50 15 0,17 1,9
5-MR 1,03 7.7 11,16 33,1 2,99 34,1
2,5-DMR 0,80 6,0 2,56 7,6 0,65 7.4
5-ER 0,86 6,4 3,95 1k g 0,81 9,3
4,5DMR (+2-E5MR) 1,15 8,6 3,28 9,8 0,76 8,6
2-M5ER 0.63 47 1,15 3,4 0,25 2,8
The other AR 8,16 61,0 9,23 27,5 2,49 28,4
Total 13,38 100,0 33,68 100,0 8,78 100,0
Incl.:
8 main compounds 4,68 35,0 23,80 70,6 6,01 68,4
4 most abundant
compounds 3,84 28,7 20,95 62,2 5,21 59,4

Table 2. The yield of water-soluble phenols from high-capacity
generator, g/t of raw oil shale

Tabruya 2. Beixox BOXOpacTBOPHMEBIX (heHOJIOB

B BHICOKONIPOM3BOIUTEILHEIX TeHepPaTopax, r/T claHma

Compound The middle- The heavy The retort Total
light fraction fraction water

Monoatomic phenols 53 43 68 164
R 7 54 62 123
2-MR 8 25 29 62
4-MR 7 33 41 81
5-MR 101 736 723 1560
2,5-DMR 78 169 156 403
5-ER 84 260 197 541
4,5-DMR (4 2-E5MR) 113 216 183 512
2-M5ER 62 76 60 198
The other AR 800 609 602 2011
Total 1313 2221 2121 5655
Incl.:

8 main compounds 460 1569 1451 3480

4 most abundant

compounds 376 1381 1259 3016

of AR from the middle-light fraction into retort water may be estimated
at 60 9%, this value being different for various compounds — resorcinol
and methylresorcinols 85—90 %, ethyl- and dimethylresorcinols
60C70 %, methyl-ethylresorcinols below 50 %.

Conclusions

1. The total yield of water-soluble phenols from high-capacity oil shale
generator unit is over 5.5 kg per t of processed shale, that of 5-methyl
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Table 3. The partition of water-soluble phenols between
the primary products from high-capacity generator
Ta6avuuya 3. Pacupenenenue BOZOPACTBOPHMBIX (DeHOJIOB
MEKAY HEePBHYHBIMH HPOAYKTAMY
BHICOKOIIPOM3BOAMTENBHEIX I€HEPATOPOB

Compound The middle- The heavy The retort

light fraction water
fraction
Monoatomic phenols 32,3 26,2 41.5
R 5,7 439 50,4
2-MR 12,9 40,3 46,8
4-MR 8,6 40,7 50,7
5-MR 6,5 47,2 46,3
2,5-DMR 19,4 419 38,7
5-ER 15,5 48,1 36,4
4,5-DMR (-+ 2-E5MR) 22,1 42,2 35,7
2-M5EER 31,3 38,4 30,3
The other AR 39,8 30,3 29,9
Total 23,2 39,3 37,5
Incl.:
8 main compounds 13,2 45,1 41,7
4 most abundant
compounds 12,5 45,8 41,7

resorcinol being more than 1.5 kg/t. Long-chain, so-called “the other
alkylresorcinols” constitute about 35 % and monoatomic phenols about
3 % of total water-soluble phenols.

2. The division of total water-soluble phenols between the middle-light
and heavy fractions of oil and retort water is 20—25 9%,, about 40 % and
35—40 9%, respectively. The content of water-soluble phenols, in parti-
cular high-water-soluble ones in the middle-light fraction is low.

3. The condensation of alkylresorcinols in the condensation system of
high-capacity generators occurs almost nonselectively.

PE3IOME

ITens craTbu — ompeesieHHEe OOLIET0 KOJIMYECTBA BOJOPACTBOPUMBIX (DeHOJIOB
B NEPBHUYHBIX NPOAYKTAX BBICOKOIIPOM3BOAMTEJIBHBEIX TIeHepPaTOPOB, pPaboTaromiux
6e3 riIy60KOl rasubUKaAnUU IMOJYKOKCA.

KoHIeHTpauWI0 MHIWBUAYAJIbHBIX AJKUJIPE3OPIMHOB UM CYMMBI BOZOPACTBODHU-
MBIX (DEHOJIOB B CMOJIAHBEIX (DPAKIUAX ONPENesSJIH [0 AAHHBIM ISTHUKPATHON
06paboTku paBHBEIM 06EEMOM BOZBI, HMCIIOJIB3YS H3BECTHYIO PaHee METOLUKY 3KCT-
PanoJIsIMU Pe3yJIbTATOB K GeCKOHEYHOMY dYuciy ob6paborok. O6Imee KOIMYeCTBO
(eHOJIOB B BOAHBIX BSKCTPAKTAX OIPEAENSIN METOLOM KOHAEHCALMH, WHIUBU-
AValbHBIA cocTaB (DeHOJIOB — METOLOM I'a30KHMAKOCTHON xpomaTtorpadun. Mcxoxa-
HBIe 00pas3ubl (heHOJIOB AJIA ra3oxpoMaTorpadudecKOro aHAIN3a MOJIYUYUIIHA IIYyTeM
a3e0TPONHOM OTTOHKH BOABI C MOCHEAYIOUIEH CYIIKOM B BaKyyMe.

VI3 paHHBIX O KOHLEHTPALMM U COCTAaBE BOAOPACTBOPHUMBIX (DEHOJIOB B IEpPBUY-
HBIX KOHJEHCATHBIX Gpakmuax (tabs. 1) ciexyer, 4To dpaKIUA JIETKO-CPEIHEH
CMOJIBI CHMJIBHO O0eZHEHa BOAOPACTBOPUMEIMHU (heHOJIaMH, OCOOEHHO HX TIJIaB-
HBIMHU, HauboJjiee JIeTKO DACTBOPUMEBIMH B BOJEe KOMIIOHEHTaMH. B TO Ke Bpems
BO (hpaKIMM TSKEIOH CMOJBI BOLOPACTBODUMEIE (DEHOJIBI COJAEPIKATCH B 3HAUU-
TeJBHBIX KOJIHWYECTBAX.

O6muii BBIXOJ BOZOPACTBOPUMBIX (eHOJIOB cocraBisieT Goyee 5,5 kr Ha 1 T
nepepabaTeIBaeMOro CiIaHIa, B TOM 4YHCJIe BBIXOJA 5-MeTHIpPEe3opiHuHa — 6oJee
1,5 xr/m’ (ta6n. 2). Oxono 359 BCceX BOZOPACTBODHMEIX (DEHOJOB COCTABIAIOT
6oJiee HIMHHOLEIIOYEUHBIE TAK HA3. «OCTAJIbHBIE aJIKMJIPE3OPIUHEI», 3 % — OmHO-
aTOMHBIE (heHOJIBI.
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Bo dpaxknuu gerko-cpefHeit cmonasl cogepxurca 20—25 %, Bo Gpakuuu TaXKe-
a0k cmosisl — okoJsio 40 % u B cmosbHOM Bojse — 35—40 % oT of6lmero Koxmue-
CTBa BOZOPACTBOPHUMEBIX (heHOJOB (Tabi. 3).

KonzeHcanusi aJKHJIPE3OPIUHOB B KOHJEHCAIIMOHHOM CHCTEMe BBICOKOIIPO-
W3BOJUTENBHBIX TeHEPATOPOB IMPOMUCXOAUT IOYTH HECEJeKTUBHO, M J0 KOHTAKTa
C BOJOMW IONA OTJENIBHBIX AJNKHWJIPE30PIUHOB B IEPBUYHBIX (DPAKIHUSAX CMOJIBI
3aBHUCHUT TJIABHBIM 06Pa30M OT OTHOCHUTEJILHOTO BhIXona dpakmuii. Tak Kaxk B KOH-
TaKTe C BOJOH HAXOAUTCHA TOJBKO JIETKO-CPeAHAA GPAKIUs, TO KOHIeHCHUD yIOIHecs
BMECTe C He¥ AaJKUJIPEe30PIHHBI YACTUYHO IIePeXOonsiT B CMOJBHYIO BOoay. B ToO
JKe BpeMsdA AaJKHJIPE30PIMHEI, KOHACHCHUDPOBABIIMECS BMECTE C TsKeIoW ¢pak-
1uel, MOJIHOCTHIO OCTAIOTCS B CMOJIE.
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