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Modeling of catalytic-cavitation processing of middle oil fraction (200-300-°C)

Experiment planning is the optimal control of an experiment in the context of incomplete information about
the process mechanism. Interest in the science of experiment is associated with a wide range of experimental
studies and a significant economic effect from the optimal organization of the experiment. An optimal exper-
iment is a way to save time and cash, increase reliability of results. Middle fraction of Kumkol oil (200—
300 °C) was used to study the cavitation effect on fuel oil. The following catalytic systems were used, name-
ly, modified FeS,, nanocatalysts e-Fe,03/Si0,, a-Fe,03/Si0, spherical catalyst, B-FeOOH, and Fe(OA);. By
quantifying the individual composition of the middle fraction (200-300 °C) of Kumkol oily a general pattern
of the effect of catalytic-cavitation processing on the hydrocarbon composition of the middle fraction (200—
300 °C) of Kumkol oil was established. The optimal conditions and a number of factors affecting the cavita-
tion processing of the middle oil fraction (200-300 °C) in the presence of a FeS; catalyst were determined. In
accordance with the regression equation obtained, the optimal conditions for cavitation processing are the fol-
lowing: T =90-120 s, the amount of added catalyst is 0.7-1 g and the amount of added water is 1.5-2 ml.

Keywords: nanocatalytic systems, cavitation processing, Kumkol.oil, experiment planning, middle fraction,
iron (III) oxides, polymorphic modifications, hydrocarbon composition.

Introduction

A large number of experimental problems in chemistry and chemical technology are formulated as
extremal problems: determining the optimal process conditions, the optimal composition and etc. Due to the
optimal location of points in the factor space and the linear transformation of coordinates, it is possible to
overcome the drawbacks of classical regression analysis, in particular the correlation between the coeffi-
cients of the regression equation. The choice of the experiment plan is determined by the formulation of the
research problem and the features of the object. The research process is usually divided into separate stages.
The information obtained after each stage determines the further strategy of the experiment. Thus, the possi-
bility of optimal control of therexperiment arises. Planning an experiment allows all the factors to be varied
simultaneously and to obtain quantitative estimates of the main effects and interaction effects. The effects of
interest to the researcher are determined with a smaller error than with traditional research methods. Ulti-
mately, the use of planning methods significantly increases the efficiency of the experiment [1].

Middle fraction of Kumkol oil (200-300 °C) was used to study the cavitation effect on fuel oil. The in-
dividual chemical composition of the middle fraction of Kumkol oil (200-300 °C) is presented in Table 1.

Table 1
Individual chemical composition of the middle fraction (200-300°C) of Kumkol oil

Exit time, min Chemical composition Content, %
1 2 3
2.477 Methylcyclodecane 0.46
3.589 2-Methyldodecanol 3.92
3.755 1,2,4-Trimethylbenzene 4.15
4.629 2-Hexyloctanol 10.87
4.758 2-Hexyldecanol 10.05
5.963 Cyclodecane 2.4
6.049 2-Ethyl-1,4-dimethylbenzene 2.56
7.912 Decane 5.87
9.129 Undecane 3.63
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Continuation of Table 1

1 2 3

9.664 2,6,11-Trimethyldodecane 6.35
10.138 2,7-Dimethylnaphthalene 3.68
10.986 1-Hexadecene 34
11.620 2,3,6-Trimethylnaphthalene 4.3
12.357 2-Dodecyloxyethanol 2.34
12.517 Dodecane 2.82
13.304 Tridecan 10.62
13.390 2,6,10-Trimethyltetradecane 0.62
14.534 2-Methylheptadecane 1
14.768 1,1-Hydroxybishexadecane 13.05
15.635 2-Methylhexadecane 0.79
15.819 Tetradecane 2.33
16.194 8-Methylpentadecane 1.59
20.197 Pentadecane 3.1

The following catalytic systems were used, namely, modified FeS,, nanocatalysts e-Fe,03/SiO,,
a-Fe,0;/S10, spherical catalyst, B-FeOOH, and Fe(OA);.

Experimental

Experiments on the cavitation processing of the middle fraction of 01l (200-300 °C) were performed in
a ultrasonic disperser MEF-92, which allows high-intensity processing of small volumes of liquids under
laboratory conditions.

A sample of the treated liquid with a volume of 0.05 ml was subjected to a cavitation effect for 7—
10 minutes. The amount of the introduced catalytic additive was 1 % of the volume of the treated substance.
The parameters of the ultrasonic cavitator MEF-92 are as follows: the oscillation frequency is 22 kHz, the
intensity of the ultrasonic effect is up to 250 W/em?, the;power is 600 W.

The study of products of the middle fraction of oil (200300 °C) before and after cavitation processing
was determined by gas chromatography-mass spectrometry using an HP 5890/5972 MSD instrument from
Agilent (USA). Chromatography conditions' are DB-XLB-5 column, 30 mm X 0.5 pm; gas — helium,
0.8 ml/min; in the temperature range of 50°C — 4 min, 50—150 °C — 10 °C/min, 150-300 °C — 20 °C/min,
300 °C — 4 min; evaporator: 200-300 °C. Identification of substances was carried out according to the NIST
98 mass spectral database.

Results and discussion

One of the ways to successfully solve the technological problem of cavitation processing of oil fuels is
to determine the optimal process conditions, namely, the duration of the cavitation processing, the amount of
catalyst added and water. As optimization parameters (y), the dynamic viscosity of the average fraction of oil
was considered, since viscosity is the main physico-chemical parameter of the properties of oil fuels. The
following factors have been chosen as independent factors, namely, z; is duration of cavitation treatment (s);
z, is the amount of catalyst (g); z; is the amount of water added (ml).

The influence of various factors on the reduction of viscosity during cavitation processing of the middle
fraction of oil (200-300 °C) was determined by the method of full factorial experiment design [1]. To derive
a'linear regression equation, an extended planning matrix of the full factorial experiment of type 23 was used
(the number of levels was 2, the number of factors was 3), where all possible combinations of factors were
implemented at the levels chosen for the study [2]. The coordinates of the center of the plan, the intervals of
variation and the levels of research are shown in Table 2.

Table 2

Experimental Conditions

Z1 Zy z3
Main level, z% 90 0.75 1.5
Variation interval, Az; 30 0.25 0.5
+1 60 1 2
-1 120 0.5 1
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Table 3 presents the plan of the extended planning matrix of the full factorial experiment 2° on a dimen-
sionless scale.

Table 3
Expanded matrix of planning full factor experiment 2°

Experience Your
number o X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3 Pas
1 +1 -1 -1 -1 +1 +1 +1 -1 2.52

2 +1 +1 -1 -1 -1 -1 +1 +1 2.34

3 +1 -1 +1 -1 -1 +1 -1 +1 24

4 1 * *1 -1 +1 ~1 -1 ] 228

5 +1 -1 -1 +1 +1 -1 -1 +1 2.37

6 +1 +1 -1 +1 -1 -1 -1 -1 2.4

7 +1 -1 +1 +1 -1 -1 +1 —1 2.26

8 +1 +1 +1 +1 +1 +1 +1 +1 2.16

Using the plan presented in Table 3, the coefficients of the full linear regression equation were calculat-
ed:
V=by+bx, +b,x, +byxy + b, x, X, + b3 X, x5 + by xaX, + by X, X, X5 (1)
Any coefficient of the regression equation b; is determined by the scalar product of the column y on the
corresponding column x; divided by the number of experiments in the planning matrix NV

1 N
bj :N;xﬁyi' 2

In accordance with equation (2), the following coefficients of the regression equation were obtained:
b() = 189, bl = —044, b2 = —034, b3 = —036, b12 = —089, b13 3 —46, b23: —016, b123 =0.04.
To determine the dispersion of reproducibility (2, ) and check the significance of the regression co-

efficients and the adequacy of the equation, three additional experiments were put in the center of the plan
and the following values of y were obtained:

y =242, y)=23; y) =237,

3
>y

y' =L =236;
7 3

3
0 —0y2
200 =7
2 u=1
SreprodA -

=0.0016; = =0.04.

reprod.

The diagonal elements of the covariance matrix are equal to each other; therefore all the coefficients of
equation (1) are determined with the same accuracy:

s, = 3)
TN
According to the formula (3):
5, = 0.04/~/8 =0.014 .

The significance of the coefficients of the regression equations was estimated by the Student’s criterion
using the formula:
b,
- )
S,

According to the formula (4) #o = 1334.1; t, =31.05; t,=24; t; =25.4; t|, = 62.8; t13=324.7; t3 = 11.3;
t123 = 2.82. The tabular value of the student’s criterion for the significance level p = 0.05 and the number of
degrees of freedom f= 2 #,(f) = 4.30. Consequently, the coefficient b3 is insignificant and should be exclud-
ed from the regression equation (1), and the equation takes the form:
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y=18.9-0.44x, —0.34x, —0.36x, — 0.89x,x, —4.6x,x, —0.16x,x, . 4)
The adequacy of the obtained regression equation (5) experiment was tested by the Fisher criterion:
F = Srzesidual / SrzeprodA 5
8
Z(y i .)A/ i )2
2 ) = =0.0225,

where / is the number of significant coefficients in the regression equation, equal to 4. Then F = 0.0225/
/0.0016 = 14.06. The tabular value of the Fisher criterion for p = 0.05, f; = 1, £, =2, Fi_(f1, /o) = 18.5, i.e.
F< El—p(fl» f2)

Consequently, the resulting regression equation (5) adequately describes the experiment.

In accordance with Figure, we find that according to the obtained mathematical calculations, the opti-
mal conditions for cavitation processing are the following: T = 90—120 s, the amount of added catalyst is
0.7-1 g and the amount of added water is 1.5-2 ml.
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Figure. The influence of factors zy, z,, z; on the reduction of viscosity
during cavitation processing of the middle fraction of oil (200-300 °C)

Conclusions

Thus, optimal conditions and a number of factors affecting the cavitation treatment of the middle oil
fraction (200-300 °C) in the presence of a FeS, catalyst are determined. In accordance with the obtained re-
gression equation, the optimal conditions for cavitation processing are the following: t=90-120s, the
amount of added catalyst is 0.7—-1 g and the amount of water added is 1.5-2 ml.
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Mymnaiiabin opta ¢ppakuuschbid (200-300 °C) kaTaIuTHKAJIBIK-KABUTANMSLIBIK

OH/Iey MPOIECiH MoIeJIbey

OKCIepUMEHTTI XKocmapiay — O YpJic MeXaHHu3Mi Typasbl TOJIBIK eMeC aKImapar apKbUIbI SKCIICPUMEHTTI
OHTAIIIBI OaKpIIay. DKCIEPUMEHTTIK FRUIBIMFA JETEH KBI3BIFYIIBUIBIK SKCIIEPUMEHTAIINBI 3ePTTeYIepAiH KeH
ayKBIMBIMEH JXOHE TOXKIpHOEHIH OHTAMIBI YHBIMIACTRIPBUTYBIHAH alTapiIbIKTail SKOHOMUKAJIBIK acepre Oai-
naHbICTEL. OHTAMIIBI SKCIIEPUMEHT A€M YaKbIT HeH Kap KbIHB YHEMIEY/Ii, HOTIKeNepAiH CeHIMALIITIH apTTh-
pyxsl aiitagsl. MyHaii OTbIHAApbIHA KABUTALMSUIIBIK SCep/i 3epTTey YIIiH KymMkes MyHaibiHbIH (200=300 °C)
opraiua yJeci naiganansuiabl. Keseci kaTanuTukansik sxylenep KongaHpuiabel: Monudukanmsananrad FeS,; e-
Fe,05/Si0, nanokaranuzatopsr; o-Fe,0,/SiO, chepansik karamuzatopsr; 3-FeOOH xane Fe(OA);. Kymken
MyHaibIHBIH opTa ¢pakuusaceiHbH (200-300°C) xeke KypaMblH aHBIKTAy apKbUIbl 'KaTaJIUTHKAJIbIK-
KaBUTAMSUIBIK OHJCYIIH KOMIpCyTeri KypambIHA dcepi aHbIKTanasl. FeS, Karanm3aTOpBIHBIH KaTHICYBIMEH
MyHaiaeH opra ¢pakmuscsH (200-300 °C) xaBHTaIUSIBIK OHJEYTe dCep eTeTIH OHTAWIBI XKaraaiiap MeH
Oipkarap (axTopyap aHBIKTAJABL AJBIHFAaH PETPECCHSUIBIK TEHASYre CoWKec, KaBUTAIMSUIBIK OHJICYIIH
OHTAUIBl mIapTTapbl MeHagai: T = 90-120 c, xarammsaTopabiH Memmiepi 0,7-1 T, an KOCBUIFaH CYJBIH
meuepi 1,5-2 mi.

Kinm co30ep: HaHOKATaIMTHKAIBIK JKYienep, KaBHUTALMs | YpAici,  KYMKeN MYHA#Hbl, 3KCIEPHMEHTTIK
xocmapiay, opta Gppaxuust, remip (II1) okcnarepi, monumopd el MogHdUKALUSIAP, KOMIPCYTEKTIK KypaM.

®suploHb Ma, Cunrail Cy; M.U. baiikenos, A.b. Tareesa,
I'.I'. baiikenosa, C.K. MyxamemkaHoBa, /[.E. AiitGexoBa

MopaenupoBaHue Npouecca KaTaJuTHYeCKO-KABUTAIHOHHOI 00padoTKHU
cpeaneii ppaxuuu Hedpru (200-300 °C)

IInanupoBaHue SKCIEPUMEHTA — 9TO ONTUMANIBHOE YNPABICHUE KCIIEPUMEHTOM B yCIOBUSAX HEMOJTHON HH-
¢dopmanmu 0 MexaHu3Me mpoiiecca. MHTepec k Hayke 00 IKCIIEPHUMEHTE CBsI3aH C IMPOKUMH MacIiTabaMu
SKCIIEPUMEHTAIBHBIX HCCICAOBAHUM 1 3HAYUTEIIHHEIM SKOHOMUYECKUM (P (HEKTOM OT ONTUMAIBHOM OpraHu-
3arun. ONTUMATBHBIA 3KCHEPUMEHT — 3TO IIyTh K SKOHOMHHU BPEMEHHU U CPEJICTB, YBETHICHHIO HAaIEeKHOCTH
U JIOCTOBEPHOCTH Pe3ybTaToB. Iy mcciemoBaHMsl KaBUTAI[MOHHOTO BO3JIEUCTBUSI Ha HE(TSHBIC TOILIMBA
ObLIa MCIIOIB30BaHa CperHss ppaknust KyMkoubsckoil HedTH (200-300 °C). B kauecTBe KaTaIUTHIECKUX CHC-
TeM ObLIN. HCHOJIB30BaHbl: MoanbuiupoBanHbii FeS,; nHanokatammszatopsl &-Fe,03/Si0,; a-Fe,03/Si0,
chepruecknit karanuzatop; 3-FeOOH u Fe(OA);. ITyTeM KOJIHYECTBEHHOTO OMPEACIICHUS] HHUBUIYaTbHOTO
coctapa cpeaneit. ppakuun (200-300 °C) kymMKoIbCcKOM HepTH ObLIa ycTaHOBIEHa OO0LIast 3aKOHOMEPHOCTh
BIIMSIHUS KaTaIUTHYECKO-KaBUTAIMOHHOW 00pabOTKK Ha YIJIeBOJOPOJAHbIH cocTaB cpeaHel ¢paxunu (200—
300 °C) xymronbsckoit HepTH. OnpeeneHs! ONTHMaNIBHEIE YCIOBHS U PsA (aKTOPOB, BIHMAIOMNX HA MPOBe-
JICHHE KaBUTalMOHHOW oOpaboTkm cpenueit ¢paxmum Hedtr (200-300 °C) B mpHCYTCTBHHM KaTallH3aTopa
FeS,. B'cooTBeTCTBHN C MOTYYCHHBIM PETPECHOHHBIM YPAaBHEHHEM ONTHUMAIIBHEIE YCIIOBUS JUIS KaBUTAIlMOH-
HoW 00paboTku cienyrommue: T= 90—120 ¢, komuuecTBo HodaBisieMoro karamm3aTopa 0,7—1 T U KOJIUYECTBO
nobasisieMoit BosI 1,5-2 Mi1.

Kniouesvie cnosa: HaHOKAaTaINTUYECKas CHCTEMa, IPOLECC KaBUTAIMH, KyMKOJbCKas HedTh, SKCHEpPUMEH-
TaJbHOE IUIAaHUPOBaHME, cpenHss ¢pakuus, okcuasl oxenesa (III), nomumopduble Moandukanuy,
YTJIIEBOJOPOIHBIN COCTAB.
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