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Semicoking oil was obtained from tires only and from kukersite with addition

of tires in solid heat-carrier unit SHC-3000 at Estonian Power Plant in

Narva. Chemical composition of these oils has been studied using thin-laver
and gas-liquid chromatography. The semicoking ой obtained from tires only
contains 84.8 % of hvdrocarbons, 17.4 % of which are nonaromatic

compounds. Treating kukersite together with tires improves oil quality,
makes it lower boiling and more unsaturated, increases the content of
nonaromatic compounds in oil up to 29.8 %, and so brings its composition
closer to that of commercial liquid fuel.

Introduction

Utilization of tires is a serious environmental problem for they are not easily
biodegradable under the action of natural factors. Tires are accumulated in

huge amounts. They are flammable and produce compounds polluting
surroundings intensively.

Rubber wastes have been utilized together with kukersite oil shale on the

solid heat-carrier unit SHC-3000 at Estonian Power Plant [l], and this

method has been patented [2]. The method enables to reduce the amounts of

feed shale and to increase the yields of oil and gas.

At the Institute of Chemistry at Tallinn Technical University attempts

were taken 10 solve this problem in another way. A series of experiments оЁ

thermal treating of tires only in a shaft furnace (SF) in semicoking
conditions was carried out [3].
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Experimental

The aim of this work was to study the chemical composition of the above-

mentioned oils (amiably given by Dr. A. Elenurmand Dr. M. Marguste), and

of oils obtained at semicoking both of ordinary kukersite oil shale

(K-OR-oil) and enriched kukersite-kerogen-90 (K-90-o0il) in an alumina

retort with electroheating. Thereafter the phenols were separated from total

oils by treatment with sodium hydroxide 10 % solution. Phenol-free oils

were divided into groups of chemical compounds by thin-layer
chromatography on silica gel using n-hexane as solvent. Five groups of

compounds were separated (see Table 1):

(1) Nonaromatic hydrocarbons (NAHC)

(2) Alkylaromatic hydrocarbons (AAHC)
(3) Condensed aromatic hydrocarbons (CAHC)

(4) Neutral oxygen-containing compounds (NOCC)
(5) Polar oxygen-containing compounds (POCC)

The first four groups of compounds and phenols were investigated by
gas-liquid chromatography. Besides, the condensed aromatic compounds of

SHC-oil were investigated by chromato-mass spectroscopy.

Results and Discussion

Comparing the data of Table 1 one can see that semicoking of tires only
gives oil that contains nonaromatic compounds т an amount comparable
with that present in semicoking oil of kukersite only (both kerogen-90 and

ordinary kukersite) — 17.4, 10.9 and 13.0 %, respectively. The yield of

(1) Oils from |(2) Oils from|(3) Oils from (4) Oils from

semicoking [semicoking |processing of |semicoking
of ordinary of kukersite-|kukersite and |of rubber waste

kukersite kerogen-90 |rubber waste in shaft furnace

in SHC-3000

Hydrocarbons:
Aliphatic and naphthenic 13.0 10.9 29.8 17.4

Alkylaromatic 5.6 2.3 8.1 16.0

Condensed aromatics 16.4 26.1 16.6 514

Heteroaromatic compounds:

Neutral 14.2 27.7 18.9 7.1

Polar 17.6 10.1 13.5 4.7

Acidic (mainly phenols) 33.2 23.6 13.1 3.4

Table 1. The Yield of Chemical Group Compounds of Oils, wt.%
(on the Total Oil Basis)
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NAHC from SHC-oil ils higher — 29.8 %, and this fraction is more

unsaturated (the ratio olefins/paraffins 1s 1.395, while for SF-oil it is 0.337).
The distribution of paraffins and olefins according to the length of carbon

chain (Fig. 1) shows that their content and distribution in oils obtained from

various processing are different and depend on the treatment conditions.
At SHC-processing the heating rate and rate of removing reaction

products are so great that secondary reactions do not take place, and olefins

form in large amounts. Paraffins in SHC-oil have their maximum within C,-

C, and this number is lower than that in semicoking oils — C;5-C;; in case

of SF-oil, and C,;-C,5 for K-90-oil. The differences between distribution of

paraffins and olefins in semicoking oils obtained from tires only and

kerogen-90 depend on the feedstock.

Distribution of n-alkenes (left column) and n-olefins-1 (right column) depending on

the carbon atom number in the hydrocarbon chain: a - SHC-oil, b - SF-oil, ¢ - K-90-

oil; nC — number of carbon atoms in chain
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The highest yield — 16.0 % — of AAHC was obtained from SF-oil. In

other cases it was comparable to the yield of this fraction from kukersite

treated by both processes: 8.1 % — from SHC-oil, 2.3 % — from K-90-oil, and

5.6 % from K-OR-oil. Such a high content of AAHC and CAHC (51.0 %) is
due to the feedstock nature, as the material of tires, namely butadiene-styrol
caoutchouc, 1s rich in double bonds and benzene rings. The chemical

composition of AAHC from SHC-oil was similar to that from semicoking
kukersite and consisted of a series of n-alkylbenzenes with the length of side

cham from 2 to 10 carbon atoms (somewhat shorter than C4-C,4 1n the case

ofkukersite).

No. |Scan. no. |Name

1. 108 Hexane
2. 111 1,3-Cyclohexane
3. 117 Dimethyl sulfone

4. 123 Cresol

S. 127 Cyclopentene, 3-ethylidene-1-methyl
6. 134 Styrene

7. 141 3,5-Xylenol
8. 153 Trimethylbenzene

9. 156 Methylstyrene
10. 165 Tetramethylbenzene
11. 168 Limonene

12. 172 Indene

13. 175 Tetramethylbenzene
14. 179 Tetramethylbenzene
15. 182 Tetramethylbenzene
16. 185 Methylindane/methallylbenzene
17. 193 Tetramethylbenzene
18. 199 Pentamethylbenzene

19. 208 Methylindane/methallylbenzene

20. 212 Methylindene
21. 215 Methylindene
22. 219 Pentamethylbenzene

23. 223 Pentamethylbenzene
24. 226 Dimethylindene

25. 229 Naphthalene

26. 235 1,2,3.4-Tetrahydro-5-methylnaphthalene
21. 245 1,2,3,4-Tetrahydro-2-methylnaphthalene

28. 249 1-Methyltetraline
29. 254 Dimethylindan

30. 259 Ethylindene
31. 263 2,3-Dihydro-4,7-dimehylindene

32. 272 Ethylindene

33. 275 Dimethylindene
34. 289 Methylnaphthalene
35. 295 Trimethylindene
36. 299 Methylnaphthalene

Table 2. The List of Components Identified

in the Condensed Aromatic Fraction of SHC-Oil
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The content of this fraction in SF-oil is different, and n-alkylbenzenes
play an insignificant role. The chemical composition of this fraction has

already been studied in detail [4].
The yield of CAHC-fractions from SF-oil was higher — 51.4 %. The yield

of this fraction from SHC-oil and K-OR-oil was almost equal — 16.6 and

16.4 %, respectively. It seems that addition of tires to kukersite does not

increase the yield of CAHC. However, the yield of this fraction from

K-90-oil was 26.1 %. It is possible that the yield of this fraction was

influenced by the carbonate matter of kukersite when K-OR and K-OR with

37. 304 Heptamethylbenzene
38. 310 Unknown cyclic

39. 316 Heptamethylbenzene
40. 323 Heptamethylbenzene
41. 330 Heptamethylbenzene

42. 334 Heptamethylbenzene

43. 338 Biphenyl
44, 343 Trimethylindene

45. 350 Ethylnaphthalene

46. 359 Dimethylnaphthalene
47. 369 Dimethylnaphthalene
48. 381 Dimethylnaphthalene

49. 385 Biphenylene
50. 390 Dimethylnaphthalene + octamethylbenzene
S1. 399 Octamethylbenzene
52. 401 Octamethylbenzene

53. 408 Acenaphthene
54. 425 Trimethylnaphthalene
55. 434 Pentamethyl-2,3-dihydroindene

56. 445 Unknown

57. 451 Trimethylnaphthalene

58. 464 Trimethylnaphthalene

59. 468 Nonamethylbenzene
60. 472 Nonamethylbenzene
61. 474 Fluorene

62. 487 Trimethylnaphthalene

63. 499 Diphenylethane

64. 511 Dekamethylbenzene
65. 517 Dekamethylbenzene
66. 523 3,3-Ditolyl

67. 585 Unknown

68. 601 Anthracene

69. 689 Methylanthracene

70. 714 Phenylnaphthalene
71. 768 Pyrene/fluoranthene
72. 797 Pyrene/fluoranthene

73. 875 Methylpyrene

Table 2. The List of Components Identified

in the Condensed Aromatic Fraction of SHC-Oil (end)
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tires were processed т е unit with solid heat carrier. Chemical

composition of this fraction from SHC-oil was investigated by chromato-

mass spectroscopy and the results are given in Table 2.

CAHC from SHC-oil compared to CAHC from SF-oil contain more low-

boiling compounds (approx. 50 % of the fraction), which boil at lower

temperatures than naphthalene. It was found that during thermal

decomposition a great amount of limonene was formed [s]. Limonene was

found also in CAHC fraction of SHC-oil but in smaller amounts (see Table

2) due to smaller amounts of added tires. CAHC fraction from K-90-oil

compared to CAHC fraction from SHC-oil contains more low-boiling
compounds, and the reason is also the addition of tires. Commonly, SF-oil

contains 84.8 % of hydrocarbons (NAHC, AAHC, CAHC together), SHC-oil

— 545 %, K-90-011 — 393 % апа К-ОК-о! — 35.0 %. Limonene

(1,8-menthadiene) forms more probably through cyclization of butadiene

and migration of the double bond than through hydrogenation of the benzene

ring. The yield of limonene from SF-oil is significant (approx. 10 % per
fraction boiling at 160-180 °C into which limonene belongs as its boiling
temperature is 174 °C [s]). In industry, limonene is obtained by treating £-

terpene. Thermal treatment of tires may be an alternative way of getting
limonene.

The share of oxygen-containing compounds (OC-fraction) in oils formed

from kukersite during processing in retort and SHC-unit 1s following:
31.8 % — K-OR-, 37.8 % — K-90-, and 32.4 % — SHC-oil. In SF-oil the

content of OC-fraction is 11.8 %, and it is logical, as tires contain no

oxygen. Very likely, oxygen for formation of these compounds is taken from

the air and moisture present т е semicoking unit. The chemical

composition of this fraction is similar to that of oil obtained from kukersite.

It consists of two series of ketones — symmetrical ketones with the double

bond in the chain centre, and methylketones-1 with the chain length Co-C,,.
It is observed that methylketones-1 predominate up to C,;, and after that

symmetrical ones predominate. OC-fraction from SF-ooil contains

symmetrical ketones with the maximum C,;-C,,. These ketones have

evidently been formed at oxygenation of the last double bond of the

butadiene chain.

The information given above completely concerns the yield as well as the
chemical composition of the phenols separated from these oils.

Thus, the oil obtained at SHC-unit is unsaturated, and the oil obtained

during SF-processing of tires only has a low flash point: +5 °C [3] and

cannot be used as a fuel without an additional treatment. It is reasonable to

treat the tires with addition of the ordinary kukersite in SF-processing;
carbonate matter of kukersite should bind the sulfur of tires, and oil would

be enriched with hydrocarbons and phenols.



Comparative Characterization ofSemicoking Oils Obtained from Rubber Wastes
...

349

Acknowledgements

This work has been carried out with financial support of the Estonian

Science Foundation under Grant no. 2719.

REFERENCES

1. Senchugov K., Kaidalov A., Shaparenko L., et al. Utilization of rubber waste 10

mixture with oil shale in destructive thermal processing using the method of

solid heat carrier // Oil Shale. 1997. Vol. 14, No. 1. P. 59-66.

2. Patent of Estonian Republic No. 02943 [in Estonian].
3. Kann J., Marguste M., Orav A., Kriis J. Pyrolysis of rubber waste // Proc.

Estonian Acad. Sci., Chem. 1999. Vol. 48, No. 1. P. 40-43.

4. Orav A., Kailas T., Miiiirisepp M.-A., J. Kann. Composition of the oil from

waste tires. 1. Fraction boiling at up to 160 °C // Proc. Estonian Acad. Sci.,
Chem. 1999. Vol. 48, No. 1. P. 30-39.

5. Orav A., Kailas T., Miiiirisepp M.-A., J. Kann. Composition of the oil from

waste tires. 2. Fraction boiling from 160 °C up to 180 °C // Proc. Estonian Acad.

Sci., Chem. 1999. Vol. 48, No. 3. P. 136-140.

Received March 15, 1999


	b10726858-1999-4t no. 4 02.12.1999
	Cover page
	Chapter
	EDITOR’S PAGE AN ACCEPTABLE SCENARIO FOR OIL SHALE INDUSTRY
	Untitled
	Untitled

	DICTYONEMA SHALE AND URANIUM PROCESSING AT SILLAMAE®
	Fig. 1. Sillamie waste dump and underground mine (striped area)
	Fig. 2. Sillamde waste dump and sediment reservoir
	Fig. 4. Measurement results for boreholes PA-1 and PA-2
	Untitled
	Ur: of | ига! cor % ( d fi of | urar СОг % ( rate
	г -- N T ч ~ N vi Е ай = =S B = ‚® 50 ы = = ча = ® :3 E S3 = w v = e $ 3 o t ® 5 ] = O o = õ Õ "3 Õ m = © O Е — = = < v = © "Э Õ ] D ° u £ — ® „е фа £ 2 « е 8 .98 L % НЕ н‹-і ЕЕ ЁЕ © :O lE< © 83 50 – 3 с 5 25 S 3 -в
	orted ¢ 1 119 94115 4 | 3. 2| 5 опсеп 39 асс 197! 442! V 4417
	proc ed е ‹ 0, (
	Table Produ Urani Urani Uräni Urani
	Untitled

	REACTIVITY OF OIL SHALE ASHES TOWARDS SULFUR DIOXIDE 3. RECURRENT USE OF ASH FOR FLUE GAS PURIFICATION
	Contribution
	Chapter
	Fig. 1. Scheme of the boiler installation at Baltic PP; points of ash removal: / — burning chamber-furnace, 2 —superheater, 3 —cyclone, 4 — electrostatic precipitator; A and B — ash injection points on the level of 11 and 20 m from the bottom of the furnace, respectively
	Fig. 2. Compositions оЁ the Estonian oil shale ash, the fly ash fractions and their phases: / – fly ash fractions selected by density and particle size, 2 – furnace ash, 3 – cyclone ash, 4 – electrostatic precipitator ash, 5 – coarse fraction (median diameter 50-120 um), 6 – fine fraction (12-25 ит), 7 – finest fraction (6-9 pum), 8 – glass constituent of the coarse fraction, 9 – glass constituent of the fine fraction, /0 – glass constituent of the finest fraction, // – pozzolanic constituent of all ash fractions
	Fig. 3. Scheme of the dry enrichment of oil shale ashes
	Fig. 4. SO,-binding capacity of ashes at 700 °C after 2-min contact. Legend: / — furnace ash; 2 — superheater ash; 3 — cyclone ash; 4 — electrostatic precipitator ash; 5 — low-temperature furnace ash; 6 — wet ash; 7 — mud; 8 — natural limestone from the Karinu deposit; G — grinding; G + H – grinding and subsequent hydration
	Fig. 5. Dependence of SO,- binding rate W of different ashes on the specific surface area (SSA) of the sorbents (700 °C, 15 sec)
	Fig. 6. Dependence of the specific surface area of oil shale ashes on — е processing temperature: / – circulating ash of СЕВС test facility, 2 – cyclone ash of Baltic PP
	W o : + Main Characteristics of Samples Furnace | Superheater | Cyclone | Electrostatic | Low-temperature Wet ash {Mud | Natural limestone -. Content (wt.%): Саб оы В49 £ s [oi | 36.5 | 45.0 | 42.0 | 52.6 | 52.6 Саоі'гсс: For the initial samples 20.8 14.8 13.1 10.6 23.8 55 14 – For the activated (grinding) samples| 22.7 23.6 18.7 – 30.0 – – – MgO 57 54 5.1 -94 – 0.3 3 50° 4.5 7.1 6.9 8.8 18.4 0.9 39 0 AbLO3 + Fe»O3 10.3 152 12.6 10.5 6.5 7.8 13 0.3 Silo, 21.1 22.3 235 36.5 12.9 19.8 12 1.1 BET surface area (mzlg): For the initial samples ' 0.76 \ 0.83 l 0.62 ‹ 0.45 l 1.91 ‘ 7.40 | 8.64‘ 2.98 For the activated samples 4.84 4.02 3.33 – 3.87 – – – Content (wt.%) of the fractional class -45 um: For the initial samples 3.7 42.1 58.5 98.3 3l 28.1 | 994 99.5 For the activated samples 89.3 90.8 89.8 – 92.3 – – – o = % =


	LONG-TERM DEPOSITION PATTERNS OF AIRBORNE WASTES IN THE NORTH-EAST OF ESTONIA
	Contribution
	Chapter
	Fig. 1. Schematic map of study area with pollution sources taken into account (crosses). Towns are marked with rectangles, other settlements with circles. Heavy dashed line marks the snow sampling transect 1995/96
	Fig. 2. Temporal evolution of average emissions of oil shale fly ash and cement dust from the seven largest pollution sources in the North-East Estonia
	Fig. 3. Measured (a) and computed (b) deposition loads of solid particles during winter of 1984/85 (mg/m” per day, snow sampling points are marked with diagonal Crosses)
	Fig. 4. Measured (a) and computed (b) sulfur deposition loads, 1984/85 (mg/m* per day, snow sampling points are marked with diagonal crosses). The background sulfur load 4.5 mg/m? per day is considered in model estimations
	Fig. 5. Measured and computed deposition loads of solid particles and sulfur, 1995/96 (mg/m* per day). The background sulfur load 0.35 mg/m* per day is considered in model estimations
	Fig. 6. Computed annual average deposition loads of solid particles from 1960 to 1998 and forecast (mg/m” per day)
	Fig. 7. Computed annual average sulfur deposition loads from 1960 to 1998 and forecast (mg/m” per day)
	Untitled


	UPGRADING OF ESTONIAN SHALE OIL DISTILLATION FRACTIONS 3. HYDROGENATION OF LIGHT MAZUTE
	Fig. 1. Infrared spectra: / — initial light mazute, 2 — dephenolated light mazute, 3 — dephenolated then hydrogenated light mazute
	Fig. 2. Chromatograms of nonaromatic hydrocarbons separated from dephenolated light mazute (a) and from dephenolated then hydrogenated light mazute (b) by thin-layer chromatography
	Fig. 3. Boiling curves of the initial (), dephenolated (V), and dephenolated then hydrogenated (Q) light mazute
	Table 1. The Yield of Light Mazute Hydrogenation Products
	Table 2. Chemical Group Composition of Light Mazute, wt. % Table 3. Light Mazute Qualities
	Untitled

	UPGRADING OF ESTONIAN SHALE OIL DISTILLATION FRACTIONS 4. THE EFFECT OF TIME AND HYDROGEN PRESSURE ON THE YIELD AND COMPOSITION OF LIGHT MAZUTE HYDROGENATION PRODUCTS
	Fig. 1. Changes in the working pressure during hydrogenation of the light mazute at 70 (), 80 (V) and 96 (Q) at
	Fig. 2. Changes in the working pressure during tri-step hydrogenation of light mazute: O – Ist step of hydrogenation, V – 2nd step of hydrogenation, Q – 3rd step of hydrogenation
	Table 1. The Yield of Light Mazute Hydrogenation Products at Varied Hydrogen Pressures
	Table 2. Characterization of Oils by Infrared Spectra
	Table 3. The Composition of Hydrogenisates
	Table 4. The Yield of Hydrogenation Products
	Table 5. The Composition of Hydrogenisates

	COMPARATIVE CHARACTERIZATION OF SEMICOKING OILS OBTAINED FROM RUBBER WASTES AND FROM CO-PROCESSING OF KUKERSITE OIL SHALE AND RUBBER WASTES IN SOLID HEAT-CARRIER UNIT
	Untitled
	Table 1. The Yield of Chemical Group Compounds of Oils, wt. % (on the Total Oil Basis)
	Table 2. The List of Components Identified in the Condensed Aromatic Fraction of SHC-Oil
	Table 2. The List of Components Identified in the Condensed Aromatic Fraction of SHC-Oil (end)

	ВЛИЯНИЕ РАЗЛИЧНЫХ ФАКТОРОВ НА ВОДОРОДНЫЙ ПОКАЗАТЕЛЬ (рН) ПОДСМОЛЬНЫХ ВОД РЕТОРТНЫХ УСТАНОВОК «КИВИТЕР» INFLUENCE OF DIFFERENT FACTORS ON HYDROGEN ION EXPONENT (pH) OF THE TAR WATER FROM KIVITER VERTICAL RETORTS
	Chapter
	Таблица 1. рН подсмольной воды ретортных установок «Кивитер» Table 1. pH-Values of Tar Water from Kiviter Retorts
	Таблица 2. Зольность тяжелой смолы ретортных установок «Кивитер», % Table 2. Ash Content of Heavy Oil from Kiviter Retorts, wt. %
	Untitled
	Таблица 3. Характеристика уноса пыли (твердой фазы) с парогазовой смесью, уловленной с помощью металлических пластинок в газоотводах реторты № 7 на ГГС-5* Table 3. Dust (Solid Phase) Carry-Over with Oil Vapours and Gas Collected by Metal Plates in Gas Outlets of Retort No. 7 at GGS-5*
	-2-3 -4 -5 эрта № 7 ке эрта № 7 ке эрты тип: )-тонные )-тонная ` } TOM UHC Jepßas Ae уторая де `ретья де!
	› твердым < ‘ печи* гечи* ›мышлен вания ме м слое* знятые с : 101(5 аге с


	INFLUENCE OF DIFFERENT FACTORS ON HYDROGEN lON EXPONENT (pH) OF THE TAR WATER FROM KIVITER VERTICAL RETORTS
	VISCOSITY OF SHC PROCESS SHALE OIL BINARY BLENDS
	Fig. 1. Experimental (v,) and calculated (v.,.) values о? kinematic viscosity (mm?/s) for “gas turbine” oil fraction — commercial fuel oil binary blends. Volume fraction high viscosity oil py: / — 0.10, 2 — 0.20, 3 — 0.29, 4 — 0.40, 5 — 0.60, 6 — 0.80
	Fig. 2. Experimental (v.,) and calculated () values of kinematic viscosity (mm?/s) for (a) “gas turbine” oil fraction — SEF B, and (b) commercial fuel oil — SES A oil binary blends. Volume fraction high viscosity oil ¢y: a: 1 —0.20, 2 -0.40, 3 – 0.60, 4 – 0.80; b: 1 – 0.40, 2 — 0.60, 3 – 0.80
	Fig. 3. Dependence of g on ¢y for (a) “gas turbine” oil fraction — SEF B and (b) commercial fuel oil — SEF B oil binary blends. Curves — calculated, using constants P and Q from Table 4. Points — calculated, using at each ¢y value experimental values of v, at 6-8 various temperatures
	Fig. 4. Experimental (v, апа “corrected” calculated (v,..,.) values of kinematic viscosity (mm?/s) for “gas turbine” oil fraction — SES A oil blends. Volume fraction high viscosity oil oy varies from 0.09 to 0.80
	Fig. 5. Experimental (v.,) and “corrected” calculated (v..,.) values of kinematic viscosity ‘(mmz/s) for (a) “gas turbine” oil fraction — SEF B, (b) commercial fuel oil — SES A, and (¢) commercial fuel oil — SEF B oil blends. Volume fraction high viscosity oil ¢y varies from 0.20 to 0.80 for а апа с. апа from 0.40 to 0.80 for b
	Table 1. Viscosity Characterization Constants A and B for SHC Process Shale Oils
	Table 2. Viscosity of SHC Process Shale Oils
	Table 3. The SHC Process Shale Oil Fractions Used for Blending
	Table 4. Constants P and Q for SHC Process Shale Oil Binary Blends

	CONDENSATION OF METHYLOLPHENOLS
	Fig. 1. Time dependence of molar composition of reaction mixture о-МР/р-МР 1/1: | – 0-MP; 2 – p-MP; 3 – dimethylene ether; 4 – hemiformal; 5 – methylene
	Fig. 2. Time dependence of molar content —of methylol groups: o-MP/p-MP 2/1 (I – o-MP; 2 – p-MP), and o-MP/p-MP 1/2 (3 – о-МР; 4 – р-МР)
	Fig. 3. Time dependence of molar content of methylol groups: o-MP/p-MP/P/NaOH 1/1/2/0.1 (I – о-МР; 2 – р-МР); o-MP/p-MP/ZnAc 1/1/0.02 (3 – 0-MP), and o-MP/p-MP/NaOH 1/1/0.1 (4 – 0-MP; 5 – p-MP)
	Fig. 4. Methylene region of 'H NMR spectra of final co-condensates in pyridine-ds: o-MP/p-MP/P 1/1/2 (A – without catalyst; B – NaOH 0.1 ;C – ZnAc 0.02; D – benzoic acid 0.1)
	Fig. 5. Time dependence of molar content of methylol groups: o-MP/p-MP/P 1/1/2 (I – p-MP; 2 – о-МР); o-MP/p-MP/P/ZnAc 1/1/2/0.02 (3 – p-MP); o-MP/p-MP/P/benzoic acid 1/1/2/0.1 (4 – p-MP; 5 – о-МР)
	° © 3 g ® Ё‘_ – S 9 s g Condensation of Methylolphenols g 3 3 0-MP/p-MP/P/catalyst resin, mole% Ethers all/o,o7o,p'lp.p’ Hemiformal Ty, MiN il ND M eAa ]N)s i 5 | 555 | ВОа soo T No 1/1/-/- 58/19/26/13 14(5 +9)629 16 38/17 18.2/40.8 6.5/14.6 КОВ . D B 0 – B | N 6 ВОН оОМВ NaOH 1/1/-10.1 --546 21 24.2/49 | 28.6/141.5 – C¢HsCOOH 1/1/-/0.1 42/10/23/9 8522 17 12432 1 57:343125 21.6/81.8 NaOH 1/1/2/0.1 – – T2(p) 2574 31 34/7.5 20.4/92.5 – m | — NK | — Wl | D ||D M | 106 65 AND C/ HsCOOH 1/1/2/0.1 27/9/13/5 8 19/6 |49 26 |33.7/10.5| 20.6/66.0 13.3/42.9 W Ч —

	STOCHASTIC MODELLING IN ESTONIAN OIL SHALE MINING ECONOMICS
	Fig. 1. An example of trends and forecasts: a – changes of labour productivity in oil shale mining, % with regard to the previous year; b – a decrease in consumer price (inflation rate) in Estonia; actual data were introduced and a forecast was done on the basis of authentic data [l]. Random results of modelling are shown
	Fig. 2. Oil shale and coal price forecasts in the model: a – an increase in oil shale price (factual and approximated without addition of coal price); b – the average price of coal in Estonia [l], and a sample at the random value of the modelled coal price. If the price of oil shale (independent of coal price) stabilises on the marginal 140 EEK/t, then the probable price level in modelling will depend upon the price level of coal if it rises, the price of oil shale can exceed the level of 200 EEK/t
	Fig. 3. Graphic presentation of oil shale industry’s performance: profitable (OK) or non-profitable (BAD) in 2010.
	Untitled

	INFORMATION
	MONOGRAPH ABOUT ENVIRONMENT SITUATION IN THE AREAS OF OIL SHALE MINING AND PROCESSING

	Chapter
	Statement section

	Illustrations
	Untitled
	Untitled
	Fig. 1. Sillamie waste dump and underground mine (striped area)
	Fig. 2. Sillamde waste dump and sediment reservoir
	Fig. 4. Measurement results for boreholes PA-1 and PA-2
	Untitled
	Fig. 1. Scheme of the boiler installation at Baltic PP; points of ash removal: / — burning chamber-furnace, 2 —superheater, 3 —cyclone, 4 — electrostatic precipitator; A and B — ash injection points on the level of 11 and 20 m from the bottom of the furnace, respectively
	Fig. 2. Compositions оЁ the Estonian oil shale ash, the fly ash fractions and their phases: / – fly ash fractions selected by density and particle size, 2 – furnace ash, 3 – cyclone ash, 4 – electrostatic precipitator ash, 5 – coarse fraction (median diameter 50-120 um), 6 – fine fraction (12-25 ит), 7 – finest fraction (6-9 pum), 8 – glass constituent of the coarse fraction, 9 – glass constituent of the fine fraction, /0 – glass constituent of the finest fraction, // – pozzolanic constituent of all ash fractions
	Fig. 3. Scheme of the dry enrichment of oil shale ashes
	Fig. 4. SO,-binding capacity of ashes at 700 °C after 2-min contact. Legend: / — furnace ash; 2 — superheater ash; 3 — cyclone ash; 4 — electrostatic precipitator ash; 5 — low-temperature furnace ash; 6 — wet ash; 7 — mud; 8 — natural limestone from the Karinu deposit; G — grinding; G + H – grinding and subsequent hydration
	Fig. 5. Dependence of SO,- binding rate W of different ashes on the specific surface area (SSA) of the sorbents (700 °C, 15 sec)
	Fig. 6. Dependence of the specific surface area of oil shale ashes on — е processing temperature: / – circulating ash of СЕВС test facility, 2 – cyclone ash of Baltic PP
	Fig. 1. Schematic map of study area with pollution sources taken into account (crosses). Towns are marked with rectangles, other settlements with circles. Heavy dashed line marks the snow sampling transect 1995/96
	Fig. 2. Temporal evolution of average emissions of oil shale fly ash and cement dust from the seven largest pollution sources in the North-East Estonia
	Fig. 3. Measured (a) and computed (b) deposition loads of solid particles during winter of 1984/85 (mg/m” per day, snow sampling points are marked with diagonal Crosses)
	Fig. 4. Measured (a) and computed (b) sulfur deposition loads, 1984/85 (mg/m* per day, snow sampling points are marked with diagonal crosses). The background sulfur load 4.5 mg/m? per day is considered in model estimations
	Fig. 5. Measured and computed deposition loads of solid particles and sulfur, 1995/96 (mg/m* per day). The background sulfur load 0.35 mg/m* per day is considered in model estimations
	Fig. 6. Computed annual average deposition loads of solid particles from 1960 to 1998 and forecast (mg/m” per day)
	Fig. 7. Computed annual average sulfur deposition loads from 1960 to 1998 and forecast (mg/m” per day)
	Fig. 1. Infrared spectra: / — initial light mazute, 2 — dephenolated light mazute, 3 — dephenolated then hydrogenated light mazute
	Fig. 2. Chromatograms of nonaromatic hydrocarbons separated from dephenolated light mazute (a) and from dephenolated then hydrogenated light mazute (b) by thin-layer chromatography
	Fig. 3. Boiling curves of the initial (), dephenolated (V), and dephenolated then hydrogenated (Q) light mazute
	Fig. 1. Changes in the working pressure during hydrogenation of the light mazute at 70 (), 80 (V) and 96 (Q) at
	Fig. 2. Changes in the working pressure during tri-step hydrogenation of light mazute: O – Ist step of hydrogenation, V – 2nd step of hydrogenation, Q – 3rd step of hydrogenation
	Untitled
	Fig. 1. Experimental (v,) and calculated (v.,.) values о? kinematic viscosity (mm?/s) for “gas turbine” oil fraction — commercial fuel oil binary blends. Volume fraction high viscosity oil py: / — 0.10, 2 — 0.20, 3 — 0.29, 4 — 0.40, 5 — 0.60, 6 — 0.80
	Fig. 2. Experimental (v.,) and calculated () values of kinematic viscosity (mm?/s) for (a) “gas turbine” oil fraction — SEF B, and (b) commercial fuel oil — SES A oil binary blends. Volume fraction high viscosity oil ¢y: a: 1 —0.20, 2 -0.40, 3 – 0.60, 4 – 0.80; b: 1 – 0.40, 2 — 0.60, 3 – 0.80
	Fig. 3. Dependence of g on ¢y for (a) “gas turbine” oil fraction — SEF B and (b) commercial fuel oil — SEF B oil binary blends. Curves — calculated, using constants P and Q from Table 4. Points — calculated, using at each ¢y value experimental values of v, at 6-8 various temperatures
	Fig. 4. Experimental (v, апа “corrected” calculated (v,..,.) values of kinematic viscosity (mm?/s) for “gas turbine” oil fraction — SES A oil blends. Volume fraction high viscosity oil oy varies from 0.09 to 0.80
	Fig. 5. Experimental (v.,) and “corrected” calculated (v..,.) values of kinematic viscosity ‘(mmz/s) for (a) “gas turbine” oil fraction — SEF B, (b) commercial fuel oil — SES A, and (¢) commercial fuel oil — SEF B oil blends. Volume fraction high viscosity oil ¢y varies from 0.20 to 0.80 for а апа с. апа from 0.40 to 0.80 for b
	Fig. 1. Time dependence of molar composition of reaction mixture о-МР/р-МР 1/1: | – 0-MP; 2 – p-MP; 3 – dimethylene ether; 4 – hemiformal; 5 – methylene
	Fig. 2. Time dependence of molar content —of methylol groups: o-MP/p-MP 2/1 (I – o-MP; 2 – p-MP), and o-MP/p-MP 1/2 (3 – о-МР; 4 – р-МР)
	Fig. 3. Time dependence of molar content of methylol groups: o-MP/p-MP/P/NaOH 1/1/2/0.1 (I – о-МР; 2 – р-МР); o-MP/p-MP/ZnAc 1/1/0.02 (3 – 0-MP), and o-MP/p-MP/NaOH 1/1/0.1 (4 – 0-MP; 5 – p-MP)
	Fig. 4. Methylene region of 'H NMR spectra of final co-condensates in pyridine-ds: o-MP/p-MP/P 1/1/2 (A – without catalyst; B – NaOH 0.1 ;C – ZnAc 0.02; D – benzoic acid 0.1)
	Fig. 5. Time dependence of molar content of methylol groups: o-MP/p-MP/P 1/1/2 (I – p-MP; 2 – о-МР); o-MP/p-MP/P/ZnAc 1/1/2/0.02 (3 – p-MP); o-MP/p-MP/P/benzoic acid 1/1/2/0.1 (4 – p-MP; 5 – о-МР)
	Fig. 1. An example of trends and forecasts: a – changes of labour productivity in oil shale mining, % with regard to the previous year; b – a decrease in consumer price (inflation rate) in Estonia; actual data were introduced and a forecast was done on the basis of authentic data [l]. Random results of modelling are shown
	Fig. 2. Oil shale and coal price forecasts in the model: a – an increase in oil shale price (factual and approximated without addition of coal price); b – the average price of coal in Estonia [l], and a sample at the random value of the modelled coal price. If the price of oil shale (independent of coal price) stabilises on the marginal 140 EEK/t, then the probable price level in modelling will depend upon the price level of coal if it rises, the price of oil shale can exceed the level of 200 EEK/t
	Fig. 3. Graphic presentation of oil shale industry’s performance: profitable (OK) or non-profitable (BAD) in 2010.

	Tables
	Ur: of | ига! cor % ( d fi of | urar СОг % ( rate
	г -- N T ч ~ N vi Е ай = =S B = ‚® 50 ы = = ча = ® :3 E S3 = w v = e $ 3 o t ® 5 ] = O o = õ Õ "3 Õ m = © O Е — = = < v = © "Э Õ ] D ° u £ — ® „е фа £ 2 « е 8 .98 L % НЕ н‹-і ЕЕ ЁЕ © :O lE< © 83 50 – 3 с 5 25 S 3 -в
	orted ¢ 1 119 94115 4 | 3. 2| 5 опсеп 39 асс 197! 442! V 4417
	proc ed е ‹ 0, (
	Table Produ Urani Urani Uräni Urani
	Untitled
	W o : + Main Characteristics of Samples Furnace | Superheater | Cyclone | Electrostatic | Low-temperature Wet ash {Mud | Natural limestone -. Content (wt.%): Саб оы В49 £ s [oi | 36.5 | 45.0 | 42.0 | 52.6 | 52.6 Саоі'гсс: For the initial samples 20.8 14.8 13.1 10.6 23.8 55 14 – For the activated (grinding) samples| 22.7 23.6 18.7 – 30.0 – – – MgO 57 54 5.1 -94 – 0.3 3 50° 4.5 7.1 6.9 8.8 18.4 0.9 39 0 AbLO3 + Fe»O3 10.3 152 12.6 10.5 6.5 7.8 13 0.3 Silo, 21.1 22.3 235 36.5 12.9 19.8 12 1.1 BET surface area (mzlg): For the initial samples ' 0.76 \ 0.83 l 0.62 ‹ 0.45 l 1.91 ‘ 7.40 | 8.64‘ 2.98 For the activated samples 4.84 4.02 3.33 – 3.87 – – – Content (wt.%) of the fractional class -45 um: For the initial samples 3.7 42.1 58.5 98.3 3l 28.1 | 994 99.5 For the activated samples 89.3 90.8 89.8 – 92.3 – – – o = % =
	Untitled
	Table 1. The Yield of Light Mazute Hydrogenation Products
	Table 2. Chemical Group Composition of Light Mazute, wt. % Table 3. Light Mazute Qualities
	Untitled
	Table 1. The Yield of Light Mazute Hydrogenation Products at Varied Hydrogen Pressures
	Table 2. Characterization of Oils by Infrared Spectra
	Table 3. The Composition of Hydrogenisates
	Table 4. The Yield of Hydrogenation Products
	Table 5. The Composition of Hydrogenisates
	Table 1. The Yield of Chemical Group Compounds of Oils, wt. % (on the Total Oil Basis)
	Table 2. The List of Components Identified in the Condensed Aromatic Fraction of SHC-Oil
	Table 2. The List of Components Identified in the Condensed Aromatic Fraction of SHC-Oil (end)
	Таблица 1. рН подсмольной воды ретортных установок «Кивитер» Table 1. pH-Values of Tar Water from Kiviter Retorts
	Таблица 2. Зольность тяжелой смолы ретортных установок «Кивитер», % Table 2. Ash Content of Heavy Oil from Kiviter Retorts, wt. %
	Untitled
	Таблица 3. Характеристика уноса пыли (твердой фазы) с парогазовой смесью, уловленной с помощью металлических пластинок в газоотводах реторты № 7 на ГГС-5* Table 3. Dust (Solid Phase) Carry-Over with Oil Vapours and Gas Collected by Metal Plates in Gas Outlets of Retort No. 7 at GGS-5*
	-2-3 -4 -5 эрта № 7 ке эрта № 7 ке эрты тип: )-тонные )-тонная ` } TOM UHC Jepßas Ae уторая де `ретья де!
	› твердым < ‘ печи* гечи* ›мышлен вания ме м слое* знятые с : 101(5 аге с
	Table 1. Viscosity Characterization Constants A and B for SHC Process Shale Oils
	Table 2. Viscosity of SHC Process Shale Oils
	Table 3. The SHC Process Shale Oil Fractions Used for Blending
	Table 4. Constants P and Q for SHC Process Shale Oil Binary Blends
	° © 3 g ® Ё‘_ – S 9 s g Condensation of Methylolphenols g 3 3 0-MP/p-MP/P/catalyst resin, mole% Ethers all/o,o7o,p'lp.p’ Hemiformal Ty, MiN il ND M eAa ]N)s i 5 | 555 | ВОа soo T No 1/1/-/- 58/19/26/13 14(5 +9)629 16 38/17 18.2/40.8 6.5/14.6 КОВ . D B 0 – B | N 6 ВОН оОМВ NaOH 1/1/-10.1 --546 21 24.2/49 | 28.6/141.5 – C¢HsCOOH 1/1/-/0.1 42/10/23/9 8522 17 12432 1 57:343125 21.6/81.8 NaOH 1/1/2/0.1 – – T2(p) 2574 31 34/7.5 20.4/92.5 – m | — NK | — Wl | D ||D M | 106 65 AND C/ HsCOOH 1/1/2/0.1 27/9/13/5 8 19/6 |49 26 |33.7/10.5| 20.6/66.0 13.3/42.9 W Ч —
	Untitled




