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EFFECT OF ULTRASOUND ON THE THERMOCHEMICAL
DESTRUCTION OF FUEL OIL IN THE PRESENCE OF SHALE
FROM THE KENDERLYK DEPOSIT

Abstract. In this article is represented the results of the influence of ultrasonic
exposure on the process of thermochemical destruction of fuel oil in the presence of shale
from the Kenderlyk deposit at different temperatures. A derivatographic analysis of sus-
pensions was carried out before and after ultrasonic exposure for the selection of the
working temperature range for the thermolysis of shale and fuel oil. It was established that
the temperature of the onset of decomposition of the Kenderlyk shale and black oil orga-
nic mass is about 390-400 °C, and after ultrasonic treatment is 340 °C. Analysis of the
results of the effect of temperature on the yield of thermolysis products shows that, under
equal conditions, regardless of processing, with increasing process temperature, there is an
increase in the yield of gas, gasoline fraction (initial boiling point is 180 °C), reaching ma-
ximum values in the temperature range of 415-425 °C. The yield of diesel fractions (180-
360 °C) increases to a temperature of 415 °C, then begins to fall quite sharply to values
lower than the yield of this fraction in the initial periods of the experiments (at tempe-
ratures of 395-415 °C). The yield of fractions boiling away at temperatures above 360 °C
decreases with increasing temperature in the range of 395-435 °C. After ultrasonic expo-
sure, the total yield of light distillates increases from 50.8 wt.% to 58.3 wt.%.

Key words: shale, fuel oil, hydrogenation, Kenderlyk, ultrasonic exposure, liquid
yield, temperature.

Introduction. Due to numerous studies it was established that ultrasonic
vibrations can disperse, emulsify substances, change their state of aggregation,
and affect the rates of chemical reactions, diffusion in solutions, crystallization of
substances from solutions and their dissolution. Flow cavitation hydrodynamic
dispersers operating on the basis of the energy of fluid flow without using moving
elements have found applications in various industries. Every year the number of
publications devoted to the study of reactions that significantly change their speed
or direction in the ultrasonic field increases. In relation to the effects of acoustic
vibrations, the sound chemical reactions can be divided into two groups: some of
them are accelerated in the ultrasonic field, but they can also occur in its absence,
although at a lower speed, while other reactions do not occur at all without the
influence of ultrasonic vibrations. For the implementation of both groups of
reactions used high-frequency (2-10 MHz), mid-frequency (100 kHz) and low-
frequency (10 Hz) vibrations. We have studied in the mid-frequency ultrasonic
field the effect of ultrasound on the thermochemical destruction of fuel oil in the
presence of shale in a different temperature range.
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EXPERIMENTAL PROCEDURE

In order to study the process, the ultrasonic UZDN-2T disperser was used:
frequency of 22 kHz, amplitude of vibration from the output of the transducer of
12 um, from the tool end (acoustic waveguides with amplitude gain) — 20, 40 and
60 pum, acoustic power of 150 W at 80 °C .

Samples of suspensions before and after ultrasonic treatment were analyzed
using modern methods [1-10].

RESULTS AND DISCUSSION

It is known that the main factors affecting the thermal cracking of black oil
are the thermal stability of the feedstock, temperature, concentration, duration of
the process, and pressure. Temperature plays a decisive role taking into account
all the above-mentioned factors. Therefore, the effect of temperature on the
process of thermochemical processing of fuel oil was initially studied. A deriva-
tographic analysis of suspensions was carried out before and after ultrasonic
exposure for the selection of the working temperature range for the thermolysis of
shale and fuel oil (figures 1, 2) and it was established that the temperature of the
onset of decomposition of the Kenderlyk shale and black oil organic mass is 390-
400 °C, and ultrasonic treatment is 340 °C [1-10].

From the analysis of these data, it was found that the integral and differential
mass loss curves for shale of different fractional composition can be divided into
three main temperature ranges of decomposition for shale and fuel oil before
ultrasonic exposure and two temperature ranges for exposed suspension. For
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¢ —suspension before ultrasonic exposure; A - suspension after ultrasonic exposure
Figure 1 — Integral mass loss curves for shale and fuel oil samples
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Figure 2 — Differential mass loss curves for shale samples

example, the decomposition of oil shale without ultrasonic exposure begins at a
temperature of 380-400 °C. Intensive destruction of the organic component occurs
regardless of the shale particle size in the range of up to 500 °C with a maximum
speed at 460 °C (I interval). The interval of 600-700 °C is characteristic of the
decomposition of carbonates. In the Il interval from 780-795 to 880 °C, the mi-
neral component of the shale is further decomposed [2-6].

There are differences in the magnitude of the mass loss in each of the tempe-
rature ranges Depending on the particle size distribution.

The smallest amount of the organic component, the destruction of which
occurs in the I interval in the shale with a particle size of 0-0.1 and 0-0.063 mm.
The mass loss of these shale fractions in this temperature range is 13-17.5 %. The
greatest mass loss in this temperature range of 19-19.5% is typical for shale with a
particle size of 0.063-0.1 and 0-0.2 mm [7-10].

On the other hand, a comparison of the samples under study makes it pos-
sible to reveal some regularities related to their mineral composition. Based on the
above-mentioned data, it can be concluded that during shale grinding, the mineral
phase is concentrated in small fractions of 0-0.063 and 0-0.1 mm, with the excep-
tion of calcium and magnesium carbonates, which, on the contrary, are concen-
trated in larger shale particles [7-10].

Therefore, studies of thermochemical processing of fuel oil in a mixture with
shale were carried out in the temperature range of 395-435 °C at a concentration
of shale in a mixture of 9 wt. % Shale concentration of 9 wt. % is selected accor-
ding to the results of previous studies on the thermal cracking of a mixture of
shale and fuel oil [11]. Isothermal time was 60 minutes. The shale particle size
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distribution was 0-0.2 mm, which is also taken from literature data, where the
particle size distribution ranged between 0-0.2, 0-0.3, and 0-0.5 mm.

The increase in the yield of light distillates (initial boiling point is 360 °C)
demonstrates the difference between the number of light distillates originally con-
tained in fuel oil and shale before ultrasonic exposure, and the number of light
distillates obtained after carrying out the process of thermochemical processing of
fuel oil containing shale additives after exposure.

The results of the experiments are shown in table 1, 2, and in figure 3.

Table 1 — The effect of temperature on the thermochemical processing of fuel oil
with Kenderlyk shale. Conditions of 60 min., 9% shale, 5 MPa, without ultrasonic exposure

. Temperature, °C
Thermolysis product, wt.%

395 405 415 425 435
Gas 3.0 4.4 55 7.1 9.1
Fraction of initial boiling point 180 °C 6.2 11.9 135 17.6 21.2
Fraction of 180-360 °C 30.8 34.9 37.3 31.0 23.2
Fraction of >360 °C 60.0 48.8 43.3 44.3 46.5
including coke 5.0 55 5.3 4.8 5.0
Total yield of distillates 37.0 46.8 50.8 48.6 44.4

Table 2 — The effect of temperature on the thermochemical processing of fuel oil
with Kenderlyk shale. Ultrasonic exposure conditions: T = 80 °C, frequency — 22 kHz, t = 60 min

Thermolysis product, Temperature, °C

wt.% 395 405 415 425 435
Gas 8.0 8.2 8.0 7.8 8.0
Fraction of initial boiling point 180 °C 7.6 11.3 17.5 25.8 29.0
Fraction of 180-360 °C 325 345 36.0 325 26.7
Fraction of >360 °C 51.9 46.0 39.0 33.9 36.1
including coke 5.0 55 5.3 5.0 4.8
Total yield of distillates 40.1 45.8 53.0 58.3 55.9

According to table 2, a graph of the dependence of the total yield of light
distillates on the process temperature (figure 3) is plotted. The figure shows that
the yield of light distillates has a polynomial dependence on temperature
(R =0.9623).
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Figure 3 — The effect of temperature on the thermochemical processing of fuel oil
with Kenderlyk shale (9 wt.% of shale), subjected to ultrasound exposure

The function describing the total yield of light distillates G (x, y) from tem-
perature X and the yield of fractions >360°C y is as follows:

G (x,y) = 0.2239*x + 1.148*y — 0.005254*x*y . (1)

The reproducibility of the function is shown in table 3, and its graph in the
three-dimensional coordinate system is in figure 4.
Analysis of the results of the effect of temperature on the yield of thermo-lysis
products shows that under equal conditions, regardless of processing, with
increasing process temperature, there is an increase in the yield of gas, gasoline
fraction (initial boiling point is 180 °C), reaching maximum values in the tempe-
rature range of 415-425 °C The yield of diesel fractions (180-360 °C) increases to
a temperature of 415 °C, then rather sharply (compared to the left branch of the

Table 3 — Comparison of experimental and calculated data
on the total yield of light products from temperature and fractions >360°C

The total yield of light products 100*A/calc.

- - A=(exp.-calc.) o '
experiment calculation %

40,1 40,3 -0,2 -0,4988

45,8 45,62 0,18 0,3930

53,0 52,69 0,31 0,5849

58,3 58,39 -0,09 -0,1544

55,9 56,31 -0,41 -0,7335
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Figure 4 — Function graph G (x, y)

dependence curve) begins to fall to values lower than the yield of this fraction in
the initial periods of the experiments (at temperatures of 395-415 °C). The yield
of fractions of boiling away at temperatures above 360 °C decreases with increa-
sing temperature in the range of 395-435 °C.

Thus, when considering the effect of ultrasound exposure on the thermolysis
of shale-fuel oil paste, it has been found that the ultrasound exposure of feedstock
reduces its thermal stability and increases the yield of light distillate fractions.
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395 ultrasonic
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Yield of light distillates, wt.%

9 wt. % of shale, 425 °C, 60 min

Figure 5 — The yield of light fractions during thermochemical processing of fuel oil with shale
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Comparison of the effect on the thermochemical processing of fuel oil in the
presence of Kenderlyk shale without exposure and with ultrasonic exposure
shows that the increase in light distillates at temperatures of 415-425 °C is noti-
ceably greater when using ultrasound (figure 5). This, apparently, can be explai-
ned by the fact that the organic mass of shale after ultrasonic exposure (according
to derivatography) begins to undergo thermolysis at lower temperatures than the
organic mass of combustible shale without exposure.

When using combustible shale of the Kenderlyk deposit without ultrasonic
exposure, preference should be given to a temperature of 415 °C. At this tempe-
rature, the yield of light distillates reached 50.8 wt. % When using exposed shale,
the optimal process temperature is 425 °C and the yield of light distillates in-
creases by 7.5 wt.%, i.e. is equal to 58.3 wt.%. These optimum temperature values
confirm the assumption that the organic mass of the irradiated shale is less
thermally stable.
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Pe3lome
K. K. Kauvipbexos, 1. M. /icenovibaesa

KEHJEPJIIK KEH OPHbI TAKTATACBI KATBICBIHIA
MA3YTTBIH TEPMUSJIBIK bIJIbIPAYBIHA
YJIbTPAABIBBICTBIH ©CEPI

Makasaja apTyp:i TeMIrepaTypaiblk apanbikra KeHaipinik KeH OpHbIHBIH TaKTaTachl
KaTBICBIH/IA Ma3yTThIH TEPMOXUMUSUIBIK BIIBIPAY YpIiciHe yabTpamsiObicThK (YO) eH-
Jey/iH HoTIKenepl KentipinreH. Takrarac meH Ma3yT TEPMOJIM3iHIH KYMBIC TeMIiepa-
TYpachIHBIH JMala30HbIH TaHAAy YIIIH, CYCHECH3USUIApIbl YJIbTPaIbIOBICTHIK 3€pTTEyre
JeHiHrl KoHE KeWiHri yiriizepiHe aepuBaTorpadusublK Taipay >kyprizingi. Kenpepiik
TaKTATaCTBIH JKOHE Ma3yTTbIH OPraHMKAaIbIK MAacCACBIHBIH BIIBIPAYBIHBIH OacTarKel
temnepatypacsl 390-400 °C, an ynbTpaabIObICTBIK 3€pTTEYICH KEHIHT1 TeMIeparypacsl -
340 °C oonraHbl aHBIKTANBI. TepMOIN3 OHIMICPIHIH HIBIFRIMBIHA TEMIIEPATYPaHbIH dcep
eTy HOTIDKENEpPIH Tannay, GapibIK Kargaiiapaa, TEXHOJOTHSIIBIK YpIicke KapamacTaH,
OHJICY TEeMIEePaTyPaChIHBIH JKOFAapbIIayhl ra3/IblH jkoHE OCH3MH (QPaKIMACHIHBIH )KOFaphI-
nayeiHa (0.K.H. - 180 °C) 415-425°C mMakcuUMaiIpl TEMIIEPATYPANIBIK apaibIKTa KeTe.
Huzens dpakimsimapsiabie msiEbiMel (180-360 °C) ammsimen 415 °C Ttemmeparypara
JIeWiH apTajpl, COAAaH KEHIH eTe KapKbIHABI TYpJe TOMEH KYJbIpar, ochl (ppaKiusHbIH
Oacrankpl 3epTTeynepinaeri MoHHeH ae TemeHnenai (395-415 °C temmnepaTypachiHia).
360 °C-tan >xoFapbl TemIlepaTypaja KalHaWTBIH (pakuusHbH MWbFbIMBL 395-435 °C
apaJbIFbIHIAFEl TEMIICpaTypara JCHiH JKoFapblIan Kaita azasnel. Y JO-1eH KeliH KaphlK
muctruiaTTap meiFeMbl 50,8 Mace.% -nan 58,3 macc.% -Fa feiiiH apTajib.

Tyiiin ce3nep: Takratac, MasyT, ruaporesaey, Kennepiik, yabTpaablObICTHIK OHICY,
CYWBIK OHIMIIEPIiH IIBIFBIMBI, TEMIIEPATypa.

Pesome
K. K. Kaupbexos, H. M. [{ocendvibaesa

BJIMSAHUE VJIBTPA3ZBYKA
HA TEPMOXUMHWYECKVYIO JECTPYKIIUIO MA3VYTA
B IMPUCYTCTBUU KEHAEPJIBIKCKOI'O CJIAHITA

B craThe mpuBeaCHBI pe3yNbTaThl BIUSHUS yIbTpa3BykoBoro Boszaeiicteus (Y3B) Ha
MIPOIIECC TEPMOXMUMUIECKON IECTPYKINH Ma3yTa B MPUCYTCTBUH CIIAHIIA MECTOPOXKICHUS
Kenzepnsik npu paznudHOM HHTepBasie TemiiepaTyp. s moxdopa pabodero nHTEpBaia
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TEMIIEPaTyp OCYILECTBICHUS TEPMOJIM3a CIaHLla U Ma3yTa ObLI NMPOBEIEH JepHBaTOrpa-
(duveckuii aHaNKU3 CYCIICH3UI 10 U MOCJE YIIBTPa3BYKOBOIO BO3ACHCTBHS. Y CTAaHOBJICHO,
YTO TeMIIepaTypa Hadajla pa3jIokKeHHs OpraHn4ecKoi Macchl KeHaepnblkckoro ciiaHna u
Mazyta 390-400 °C, a mocne ynpTpa3BykoBoii 00padotku — 340 °C. AHanmu3 pe3yIbTaToB
BJIMSIHUA TEMIICPATYpPbl Ha BbIXOJ IIPOAYKTOB TEPMOJIM3a IMOKA3bIBA€T, YTO B PABHBLIX
YCIIOBHSX, HE3aBUCHMO OT OOpabOTKH, C POCTOM TEMIIEpaTyphl Iporecca HaOI0aaeTCs
yBEJIHUYCHUE BBIXOJA Ta3a, OcH3MHOBOW (pakunu (H.K. — 180°C), nocruras Makcumab-
HBIX 3HaYCHWI B quamna3one Temmepatyp 415-425 °C. Boixon musenpHbix dpakimii (180-
360 °C) cHavana no temnepatypsl 415 °C Bo3pacTaer, 3aTeM JIOBOJIBHO PE3KO HaYHHACT
najgarh J0 3HAUYCHWI Ooilee HU3KHUX, YeM BBIXOJ 3TOM (DpaKUUH B HayaJbHBIC IEPUOMBI
skcrepuMenToB (mpu Temreparypax 395-415 °C). Beixox (pakimii, BHIKHIAOMNX TPH
Temnepatypax Oomee 360°C, yMmeHpIIaeTcss C pOCTOM TEMIEpaTypbl B AHAaNa3oHE
395-435 °C. Ilocne Y3B cyMMapHBbIi BBIXOJ CBETJIBIX TUCTHILIATOB Bo3pacrtaeT oT 50,8
1o 58,3 macc.%.

KnroueBsble ciioBa: ciaHel, Ma3yT, THAporeHu3anus, KeHnepisik, yiapTpa3BykoBoe
BO3ﬂeﬁCTBHe, BbIXOJ XKUAKUX MPOAYKTOB, TEMIICpATYypa.
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