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Investigation of the influence of electrohydroimpulse technology
on physico-chemical characteristics of oil sludges

The article is devoted to the investigation of the influence of electrohydropulse processing of Zhana-Ozen oil
sludge using the method of probabilistic-deterministic planning of the experiment, in which the mutual influ-
ence of various factors is taken into account. It has been established that the dominant factors that influence
the decrease in the kinematic viscosity, the increase in the yield of light and middle fractions up to 300°C
from the Zhana-Ozen oil sludge in the process of destruction of the heavy part of the organic mass of oil are
inter-electrode distance, processing time and discharge voltage.
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Modern methods of processing, utilization of oil sludge and oil-bearing technogenic raw materials are
not technologically and energy-intensive and require significant capital investments, so the volumes of utili-
zation are lagging behind the volumes of their formation and new ones are .added to the accumulated vol-
umes. The level of soil contamination with oil products and oil sludge has now approached 10 million cubic
meters. In addition, the land area contaminated or damaged as a result of various accidents at gas and oil
pipelines, plants and other facilities is constantly growing [1].

The choice of the method for processing and neutralizing oil sludge depends mainly on the amount of
petroleum products contained in them and in each specific case a differentiated approach, taking into account
both environmental and economic indicators, is required:

There are various ways of processing oil-containing technogenic raw materials:

— thermal-combustion in open barns, furnaces of various types, production of bituminous residues;

— biological-microbiological degradation in soil directly in storage areas, biothermal decomposition;

— physical — burial in special repositories, separation in the centrifugal field, vacuum filtration and fil-

tration under pressure;

— physico-chemical — the usefof specially selected reagents that change physico-chemical properties,

followed by treatment on special equipment;

— chemical — extraction-with the help of solvents, solidification with the use of mineral (cement, liquid

glass, clay) and organic (epoxy and polystyrene resins, polyurethanes, etc.) additives [2].

Data on the accumulation of oil sludge in Kazakhstan show that their processing does not cover the vol-
ume of annual formation. Thus, it is necessary not only to find processing technologies, but also to recom-
mend and adapt special technology from many existing ones to each specific type of waste. The choice is
further complicated by the fact that many technologies can be applied to individual types of waste, but none
of them meets the universality requirement and cannot be applied to all types of wastes.

In this regard, the use of the phenomenon of electrohydropulse treatment in the processing of oil
sludges is of great practical interest [3].

One of the types of complex extreme impact is the effect of electrohydraulic discharge, which combines
the simultaneous impact on the substance of strong mechanical compression, powerful ultrasound, hard x-
ray, ultraviolet and infrared radiation. The electromagnetic fields produced during the discharge also exert a
strong influence both on the discharge itself and on the ionic processes occurring in the surrounding liquid.
Under their influence, various physical changes and chemical reactions occur in the material being pro-
cessed. It has been established that the following factors such as discharge voltage, processing time, capaci-
tor bank capacity, interelectrode distance of the processing cell, and effect of the hydrogen donor influence
the change in the kinematic viscosity and the yield of the light and middle fractions from the oil sludge.

We investigated the effect of the duration of the electrohydropulse treatment, the interelectrode distance
in the stand unit cell, the capacitance of the capacitor bank and the impulse voltage in the bench set-up to
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reduce the kinematic viscosity of the oil and increase the yield of light and middle fractions from the oil
sludge. The object of investigation is the oil sludge of Zhana-Ozen of the Mangystau region.

We carried out laboratory studies using the method of probabilistic-deterministic planning of the exper-
iment, in which the mutual influence of various factors is taken into account, to determine the optimal condi-
tions and create a mathematical model of the Zhana-Ozen oil sludge treatment process with the help
ofelectrohydropulse action [4].

The program of probabilistic-deterministic planning of the experiment was created by the order of Doc-
tor of Technical Sciences, Professor S.V. Belyaev (ChMI named after Abishev of MES RK). The author of
the program is Ph.D., Associate Professor V.N. Fomin The ExprDraw and ExprMake modules developed by
Anton Grigoriev [4-7] are used to display mathematical formulas.

The investigated factors and their levels are presented in Table 1.

Table 1
Factors studied and their levels
Factors 1 2 3 4

. X| — processing time, min 1 2 3 4 1

X, — capacitor bank capacity, uF 0.1 0.25 05 0.75 0.1

X3 — interelectrode distance, mm 6 7 8 9 6

X, — volume of catalyst added, g 2.17 4.34 6.51 8.68 2.17
X5 — volume of added donor (alcohol), ml 10 20 30 40 10

Since the dependence of the yield of liquid products from high=viscosity oil on the above factors is non-
linear, the method of mathematical design of an experiment based on nonlinear multiple correlation was
used. Variable factors were varied at 5 levels. The experimental design matrix is shown in Table 2. Each row
of the matrix corresponds to the experimental conditions, and the structure of the matrix is such that, in all
experiments, the level of any factor occurs once with each level of all factors.

Table 2
Experimental design matrix
#CXp. Xl ’ XZ ’ X3 ’ X4 ’ XS H Ylexp H Yltheon s YZexp4 b YZtheor. s
min uF mm g ml mmz/s mmz/s % %

I 1 1 0.1 6 2.17 10 6.49 6.4753 16.75 19.3513
2 1 0.25 7 4.34 20 6.53 6.3652 35.43 27.5111

3 1 0.5 8 6.51 30 5.71 5.8326 34.07 28.1789

4 1 075 9 8.68 40 5.32 5.2757 23.51 25.8662

1T 5 2 0.1 7 6.51 40 5.36 5.6627 18.35 21.9999
6 2 0.25 6 8.68 30 5.96 6.0648 44.92 27.0224

7 2 0.5 9 2.17 20 5.72 5.553 20.79 22.2943

8 2 0.75 8 4.34 10 5.12 4.8923 24.08 21.8885

Uil 9 3 0.1 8 8.68 20 6.22 5.9686 28.21 29.6722
10 3 0.25 9 6.51 10 4.67 5.2587 40.54 23.9503

11 3 0.5 6 4.34 40 5.91 5.3391 19.78 26.6007

12 3 0.75 7 2.17 30 5.01 5.2556 19.98 27.2807

v 13 4 0.1 9 4.34 30 6.23 5.9072 22.9 33.4732
14 4 0.25 8 2.17 40 5.08 5.2635 52.35 28.1584

15 4 0.5 7 8.68 10 5.4 5.1711 25.36 33.5923

16 4 0.75 6 6.51 20 5.36 5.7338 47.99 39.8488

The Y exp. and Y oy, columns show the results of all the experiments to determine the kinematic viscosi-
ty of the Zhana-Ozen oil sludge, which was pretreated with an electrohydropulse effect (EHE). Y, ¢, is the
yield of the fraction up to 300 °C from the oil sludge, Y> . is the calculated kinematic viscosity of the frac-
tion up to 300 °C, and Y] yeor. and Y5 geor. are calculated values of the yield of light and middle fractions up to
300 °C on the basis of the generalized equation of Protod’yakonov-Malyshev. The matrix for planning the
experiment for the preliminary treatment of oil sludge by means of electrohydropulse action is given in
Table 2.
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If the interval of the change of functions does not go beyond the permissible spread or confidence inter-
val, then the functions are significant. Therefore, each function was checked for significance using the non-

linear multiple correlation coefficient (1) R and the significance tr (2) of this coefficient:

(N=1)3 (Yo T )

R= [1- L >0.66 ;
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where R — is the coefficient of multiple correlation; N — is the number of points described; K — is the
number of active factors; Y., — is the experimental result; Yyeor, — is the theoretical result; Yyean — is the

mean experimental value (see Fig.).

6.1 qnmm3e 6.2 -7 mmie
6 -3
5.9
5.8 58 L]
5.7 5.5
56 5.4 =
m
5.5 52
T T e e S R e e ]
o 1 2 3 4 5 Cl
—t oy @ theor t, murl 0
a)
& 9" mm /e 6
5.95 5.9 -
5.4 g
5.85 =8 -
5.8 5.7 4
5.75 1
57 56 z|
5.85 5.5
5.6 N
555 5.4 g
55 [ ] 5-3 =
545 3 r : r . s 52 J .
6 7 g 9 10 1 3 5 2 9
——mp B oo 1, mm —s—=2xp = theor K =
c) d)
§ -7 mm e
5.9 ] (-
5.8 4
57 4
56
55
54 4
5.3 77T
5 15 25 35 45
— xp ) ® theor C. ml
8

X, — on processing time; X, — on condenser battery capacity; X3 — on interelectrode distance;
X, — on consumption of added catalyst; X; — from the flow rate of the added hydrogen donor (alcohol)

Figure. Particular dependences of decrease in kinematic viscosity of light and middle fractions up to 300 °C

The least squares method was used for the mathematical description of the graphical dependence on
various factors. The values of the partial functions and the calculated values of the partial functions of the
change in the kinematic viscosity and the yield of the fraction up to 300 °C respectively for each factor are

given in Tables 3-6.
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Table 3
Theoretical and experimental values of particular functions for kinematic viscosity
] Levels
Function 1 ) 3 7 Mean
_ 0.07791X, 1 ~0.2306 theor. 3.99 5.54 5.46 352 2.62
¥, =5.562¢ X exp. 6.01 5.54 5.45 5.52 5.63
_ ~0.07282.X, 17 ~0.04089 theor. 6.00 5.74 3.47 329 3.62
Y,=5.519 X exp. 6.08 5.56 5.69 5.20 5.63
_ 0.1777.X; 1 —1495 theor. 5.90 5.61 5.49 5.5 5.63
¥;=29.69¢7 0 X, exp. 5.93 5.58 5.53 5.49 5.63
Y =56194 0.05041 theor. 5.64 5.63 5.62 5.62 5.63
T X, exp. 5.58 5.95 5.28 573 5.63
_ ~0.01783X; 17 0.3816 theor. 545 591 >.78 539 2.63
Y; =2.695e X exp. 5.42 5.96 5.73 542 5.63
Table 4

Theoretical and experimental values of the partial functions of fractions yield up to 300 °C

. Levels
Function 1 > 3 7 Mean
Y = 18204228, y -0.7264 theor. 25.23 23.30 26.88 33.77 27.29
! ) ! exp. 27.44 27.04 27.13 37.15 29.69
Y = 1 theor. 26.12 26.66 27.67 28.72 27.29
P 0.0381-0.005184.X, exp. 21.55 43.31 25 28.89 29.69
v = 1 theor. 28.21 27.6 26.97 26.4 27.29
T 0.02893 + 0.000717.X, exp. 3236 24.78 34.68 26.94 29.69
Y =33.13 14.35 theor. 24.27 27.37 28.49 29.04 27.29
! ' X, exp. 27.47 25.55 35.24 30.5 29.69
_ —0.03246 X5 1-0.7362 theor. 24.7 29.83 28.99 28.66 27.29
Y;=638lde X5 exp. 26.68 33.11 30.47 28.5 29.69
Table 5
Coefficient of correlation R for particular functions and its significance #;
Function R R Significance of the function
Y 1.00 1.10<2 Significant
Y, 0.82 3.52>2 Significant
Y; 0.98 32.23>2 Significant
Y, 0.58 1.22<2 Significant
Y5 0.98 39.6>2 Not significant
Table 6
Coefficient of correlation R for particular functions at light fractions output
up to 300 °C and its significance 7z
Function R R Significance of the function
Y 0.92 8.89>2 Significant
Y, 0.62 1.42<2 Significant
Y; 0.57 1.19<2 Not significant
Y, 0.28 043<2 Not significant
Ys 0.94 11.06>2 Significant
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As a function of the response of the influence of the electrohydropulse action, we adopted the decrease
in the kinematic viscosity of the hydrogenate and the yield of the fraction up to 300 °C. The mathematical
model of the process of treatment of heavy oil by means of electrohydropulse action is based on the
Protod’yakonov-Malyshev formula.

The experiment performed under these conditions gives a good agreement with the theoretically calcu-
lated value of the decrease in the kinematic viscosity of hydrogenate and the yield of the fraction up to
300 °C from the treated oil hydrogenate.

Thus, we found that the dominant factors affecting the decrease in the kinematic viscosity, the increase
in the yield of light and middle fractions up to 300 °C from the Zhana-Ozen oil sludge in the process of de-
struction of the heavy part of the organic mass of oil are: interelectrode distance, processing time and dis-
charge voltage. The optimal conditions for carrying out the process of destruction of the Zhana-Ozen oil
sludge by means of electrohydropulse treatment are: X; — treatment time 4—8 minutes; X, = capacitor bank
capacitance, C — 0.1 uF; X3 — interelectrode distance, L — 4-8 mm; X; — quantity of added donor (cata-
lyst) — 6.51 g; X5 — the amount of added alcohol — 10-30 ml per kg of raw material.

The results obtained on the study of the group and individual composition of hydrogenates from the
Zhana-Ozen oil sludge allow us to state that electrohydropulse treatment not only increases the destruction
reaction rate of the heavy portion of the Zhana-Ozen oil sludge in the presence of catalytic additives, but also
catalyzes the hydrogenation and hydrogenolysis reactions in parallel.
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M. baiixenos, A.JK. Carsibanaun, 3.K. Alitnaesa,
A.b. Kapumona, H.2K. PaxumxanoBa

Mynaii maibIpbIHbIH QU3MKA-XUMHUSAJIBIK KacueTTepiHe
3JIEKTPrUuAPOMMILYJILCTI TEXHOJIOTUSHBIH JCEPiH 3epTTey

Maxkana Typii GpakTopiaapablH bIKIAIbl eCKePeJIeTiH TOKIPUOSHI BIKTUMANIbI-ACTEPMHUH/IL JKOCIapiay 9/iciH
KOJJaHy apkpliabl JKaHa ©O3eH MyHall IIAWBIPBIHBIH (HU3UKA-XMMHSUIBIK CHUIIATTAMACBIHA 3JIEKTPTHIPOHM-
MyJIbCTI OHACYAIH oCepiH 3epTTeyre apHaiaraH. MyHaHbIH ayblp OpPraHUKaJbIK MAacCaChIHBIH JECTPYKIUSCHI
ypaici Oapeicbinaa JKana ©3en myHait maiteipeibie 300 °C TeMneparypara IeHiHT JKSHINT KoHE opTa
(bpakuusIap/blH IBFBIMBIH aPTTHIPATHIH JKOHE KUHETHKAJIBIK TYTKBIPIBIKTHI TOMEHIETYre ocep eTeTiH
Herisri QakTopiaap aHbIKTabl, OJlap: 3JICKTPOJApaNbIK KAIIbIKTHIK, OHICY Y3aKTHIFbl JKOHE DPaspsIThl
KepHey.

Kinm  ce30ep: SNeKTPrUIPOUMITYIBCTI TEXHOJNOTHS, MYHalil MIAffbIpbl, KHHEMATHKAJBIK TYTKBIPIBIK,
3NIEKTPOAAPAITBIK KAIIBIKTBIK, KEPHEY.
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M.U. Baiikenos, A.JK. Cateioangun, 3.K. AliTaesa,
A.b. Kapumona, H.2K. Paxumxanosa

HUccaenoBanue BJIMSIHUS 3HeKTpOFl/II[pOI/IMHy.]1]>CHOﬁ TEXHOJIOI'nHN
Ha (I)H3I/IKO-XI/IMI/I‘ICCKI/IG XapaKTePUCTUKHU He(l)TﬂHbIX mJjiamMoB

CraTbs MOCBSIIEHA UCCIIEIOBAHHUIO BINSHUA 3JIEKTPOrHAPOUMITYIbCHON 00pabOTKH HAa (PU3UKO-XUMUYECKUe
XapakTepucTuku HepTsHoro mnulama JKana O3¢H ¢ HCIONB30BAHHEM METO/A BEPOSTHOCTHO-ACTEPMH-
HHPOBAHHOTO IUIAHUPOBAHMS SKCIIEPUMEHTA, B KOTOPOM YYHTHIBACTCS B3aUMHOE BIIMSHHE Pa3IMIHBIX (ak-
TOPOB. Y CTAQHOBJICHO, YTO JOMHHUPYIOIMMH (haKTOPAMH, BIMSIONIMHI Ha YMEHbIICHHE BEJIMUMHBI KHHEMa-
THUYECKOH BS3KOCTH M yBEJNMUYCHHE BBIXOJA JETKoi M cpexHelt ¢paxumit 1o 300 °C n3 Hedrenmiama XKana
O3eH B mpolecce NECTPYKIMU TSDKENONH 4acTH OpPraHHYecKOW Macchl He(TH, SBIAIOTCS MEXIIIEKTPOAHOE
paccTosHue, MPOJOKUTETBHOCT 00PabOTKU U pa3psAAHOE HAMPSKEHHUE.

Kniouesvle cnosa: 31eKTPOTUAPOUMITYIbCHAS TEXHOJIOIHS, HEQTSIHON IIIaM, KMHEMaTH4ecKas BA3KOCTb,
MEX3IEKTPOJAHOE PACCTOSHHE, HAIIPSHKCHHUE.
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