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Abstract. In this article a principal scheme of a modification of the regenerated industrial oil by additives derived
by reagent recycling of the obsolete pesticides and shown the decrease in anthropogenic risks of their reagent
processing was developed. The economic effect of usage of the studied additives in the regenerated industrial oils was

calculated.
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1. Introduction

The lack of proper implementation of the clean-tech
industries in the major industrial branches of
Ukraine (metallurgy, chemical, coke and oil
industries) leads to a significant accumulation of
industrial waste, as well as increasing energy and
materials capacious of finished products. Meanwhile,
processing of such waste and herewith obtaining the
secondary products allows considering them as
valuable recyclables, among which the organic
component is significant. It should be noted that the
use of chemically modified active compounds of
organic waste as additives to hydrocarbon materials
(gasoline, diesel fuel, motor oil, lubricants) allows to
significantly reduce material and energy outgoings
to overcome resistance at the work of many engines,
machines and mechanisms. Thus, the number of
studies observes that for overcoming resistance in
all engines, machines and mechanisms consumes
3040 % of the energy generated during the year,
and losses from wear of machine parts reach 4-5 %
of the national income of developed countries of the
world [Handbook...1989; Composite...2012].

Therefore, research and implementation in
various areas of new additives that reduce friction is
an important and actual task. Herewith those
additives for oils and lubricants, which are products
of secondary processing of organic waste, can
significantly change the material and energy costs in
most industrial production associated with the
exploitation of machine engines and mechanisms, as
shown in Fig. 1.

It should be noted that the use of additives for
fuels and lubricants in order to improve their
performance is important both for mineral (oil and
gas) [Composite...2012], and for renewable
(biodiesel, bioethanol) [Devyanin et al. 2007] types
of fuels (Fig. 1).
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Fig. 1. Logical scheme of saving material and
energy resources through the use of alternative fuels
and applications to fuels and lubricants

As additives can be used the products of
chemical modification of the obsolete pesticides
based on chlorine [Haididei 2003], sulfur [Composite.. .
2012] and phosphorus-containing [Ranskiy et al.
2012] organic compounds.

The purpose of this work is definition of
anthropogenic risks at obtaining benzoates and
dithiocarbamates of metals — products of reagent
processing of the obsolete pesticides as additives to
regenerated industrial oils and establishing economic
efficiency of the process.

2. Experimental Section

The object of research of the reagent processing on
purpose to obtain additives (modifiers) to the
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regenerated industrial oil was the obsolete pesticide
Banvel, the active substance of which is
dimethylammonium salt of 2-methoxy-3,6-
dichlorobenzoic acid [Melnikov et al. 1980]. The
reagent recycling of the obsolete pesticide Banvel
was performed according to the method given in
[Gordienko et al. 2011].

Antiwear and frictional properties of “pure”,
regenerated and modified oil I-40A were studied by
traditional methods on a friction machine of SMC-2
type with friction pairs “shoe - roll” under the
conditions given in [Composite...2012].

The regeneration of used industrial oil was
performed by technology which schematic diagram
is shown in Fig. 2.
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Fig. 2. Scheme of the regeneration of industrial
oil I-40A:

1 — tank for used (waste) industrial oil;

2 — reactor for separation of water and oil;

3 — belt filter press;

4 — coagulator;

5 — centrifuge;

6 — tank for regenerated oil

In the first stage the used oil I-40A from tank 1
was supplied to the reactor 2 for separation of water
and oil. Depending on the season decanter was
heated (~55—60 °C) and had an electromechanical
controller for mixing waste oil. After separation of
water the oil was delivered to the belt filter press 3
to remove mechanical impurities using belting and
cardboard as filter materials. Purified from water
and solids oil was directed to the coagulator 4 to
light from oil-soluble oxidation products. Herewith
it was used as a coagulant ammonium persulfate,
sodium or potassium orthophosphate, sodium
metasilicate and other combined coagulants.
Introduced coagulants not only lit the oil, but also
normalized its acid value. To improve the process of
coagulation the coagulator was equipped with an
electromechanical controller for mixing.

After settling the oil was supplied to
centrifugation 5, and then - in a tank 6 for
regenerated oil [-40A.

Further modification of regenerated industrial
oil I-40A was carried out by introducing inside
the received additives, which provided better
tribotechnical properties. The scheme of modification
of the regenerated industrial oil I-40A is shown in
Fig. 3.
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Fig. 3. Scheme of the modification of industrial oils
by synthesized additives:

1 —reactor for the preparation of modified concentrate;

2 — reactor for the modification of industrial oil;

3 — batcher;

4 — tank for modified industrial oil;

5 — line of the regenerated oil;

6 — line of dimethylformamide (DMF)
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According to the scheme (Fig. 3) dosed amount
of DMF and additives as a solid agent was delivered
into the reactor /, equipped with electromechanical
controller for mechanical stirring of the mixture. In
the reactor / a mixture based on regenerated oil
[-40A to enhance solubility of introduced additives
can be warmed if necessary. The resulting
concentrated lubricant composition in dosed amount
was introduced into the reactor 2 and mixed with
regenerated oil. Then the modified oil was supplied
in a tank 4 for storage and later use.

3. Results and Discussion

For obtaining an individual salts of 2-methoxy-3,6-
dichlorobenzoic acid 7 and metal chelates of
dimethyldithiocarbamic acid 6 a “cascade” method
of successive addition to the initial Banvel solution 1
an equivalent amount of HCl was studied, then
carbon disulfide in the presence of alkali, and
at the end — a saturated aqueous solution
of the appropriate metal salt [Gordienko et al.
2011]:
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cl cl
+ S2 NaOH
COOH-* NH(CH ) COOH + NH(CH ) - HCl ———— COONa +
-NaCl, H,0
4
cl OCH; OCH; 2 cl OCH; (1)
cl
+ MA H; SN +MAn
+ N% LN N% —_— COO|M- nH,0
SNa -NaAn CH 7
6 Cl ocH; J,

where M*" =
n=1-3.

Obtained by scheme (1) dimethyldithiocarba-
mates of metals 6 and benzoates 7 were used as
additives to the regenerated industrial oil I-40A.

For comparison in Table 1 physical and chemical
characteristics of “pure”, waste and regenerated oil
1-40A, indicating the efficiency of regeneration, which
was carried out according to the scheme: separation
- filtration - coagulation - centrifugation are shown.

Cu, Co, Ni, Zn; An = Cl, NO;, 1/2S0y;

Table 1. Physical and chemical properties of industrial

oil I-40A
Characteristics 0Oil I-40A
Pure Waste | Regenerated
Viscosity at 50 °C 18,9 20,9 19,8
Acid value,
mg KOH/g 0,03 0,35 0,07
Ash content, wt% 0,004 0,065 0,015
Content, wt%:
water No Up to 0,5 No
mechanical
impurities No 1,05 No
water-soluble
alkalis and acids No Acids No

To improve the performance of regenerated oil I-
40A in its composition we introduced additives
received under the scheme (1). Antiwear and
frictional properties of oil I-40A, which were
explored under the conditions [Composite...2012],
are shown in Table 2

Listed in the Table 2 data indicate that the
introduction of a modifier-concentrate in an amount of
3wt% relative to the total volume of the studied
lubricant  compositions  improves tribotechnical
properties of regenerated oil. Thus, using a modified oil
decreases wear of friction pair in 2,13-3,05 times and
the coefficient of friction — in 1,34-1,45 times in
comparison with regenerated oil.

Thus, our studies indicate the feasibility and
theoretical possibility of technological developments
as follows: reagent processing of the obsolete
pesticides based on alkyl (aryl)-hetarylcarboxylic
acids — chemical modification of active substances
with obtaining additives to industrial oils —

obtaining a modifier-concentrate of additives based
on industrial oil — modification of the regenerated
industrial oils.

Table 2. Tribotechnical characteristics of industrial

oil I-40A
0Oil I-40A
Regenerated
Characteristic CuBA
Pure Waste 7ZnBA + +
ZnDTC | CuDT
C
L10%g | 62 6.4 21 | 3,0
1l - - 033 | 047
£10° 5.4 5,5 3.8 4,1
/fy — — 0,69 0,75

Footnotes. Ratio 1/10 and f/f0 were calculated relatively to
regenerated oil. ZnBA, CuBA — 2-methoxy-3,6-dichlorobenzotes
of Zinc and Copper(Il) respectively. ZnDTC, CuDTC -
dimethyldithiocarbamates of Zinc and Copper(II) respectively.

Anthropogenic risks of reagent processing of the
obsolete pesticides can be conditionally estimated as
the difference between static and dynamic risk
indicators of treatment of the obsolete pesticides.
Static risk indicators include: the risks of water
pollution, soil and air pollution by chemicals, the
risks associated with increasing content of the
obsolete pesticides and their degradation products in
the flora and fauna; the risks of population disease,
the risks of accidents at storage facilities. Dynamic
risk indicators include: risks associated with the
transportation of the obsolete pesticides to a place of
their reagent processing, risks associated with the
technology of their processing and the possible
formation of secondary hazardous waste.

Note that static risk of treatment of the obsolete
pesticides are kept during indefinite term, the
obsolete pesticides totally pollute the water, soil and
air, while a dynamic risks associated only with the
time of their technological processing, and in
accordance with the regulatory framework the
contents of the obsolete pesticides and products of
their processing in the environment must not exceed
the current threshold of limit values.
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Analysis of anthropogenic risk of the processing
technologies of hazardous substances indicates that
in many modern models of risk assessment it is
defined as the degree of probability of a negative
impact that may occur at certain time or under
certain circumstances in high-risk facilities and/or
outside [Ukraine...2001], namely risk is reduced to
the estimation of the probability of an accident at the
facility for a definite period of time, usually a year
[Khmil, Lycychenko 2011]:

R(A) = P(A),

where R(A) — risk of an event A;
P(A) — probability of an unwanted event A.
Subject to consideration of the possible negative
consequences of an event A, which depends not only
on potential losses, but also on the degree of
vulnerability of the object for the event A, we have a
model for determination of anthropogenic risk:

R(A) = P(AV(A)UA), 2)

where V(A) — vulnerability of a facility for event A;

U(A) — conventional full damage as a result of
event A.

Expression (2) can be considered as the most
common for all types of risks, including
anthropogenic. But their practical use in any particular
case requires realization of a further research.
Therefore, at the reagent processing of the obsolete
pesticides the anthropogenic risks, in first
approximation, must be considered as a change of
ecotoxicological risk (E, ecotox), which is calculated
by the formula [Omelchuk et al. 2005]:

g PN PN , 3)

LDy,

where P — half-life of a toxic substance;

N — maximum consumption rate of pesticide for
the active substance, kg/ha;

LDsy — average lethal dose at the oral admission in
rats organism, mg/kg.

In this case, for unit ecotoxicological danger of
DDT is accepted. Formula (3) was used to compare
ecotoxicity of the initial and modified chemical forms
by the studied reaction

Thus, the relative ecotoxicity of the studied
reaction Ex will be determined by the equation:

E, = ZEIS
ZEPR

where ZEIS — ecotoxicity of the initial substances;

ZEPR

In Table 3 the ecotox values of the initial and
modified chemical forms (equation 4) are shown.

Listed in the Table 3 data show that in case of
direct use (without CS,) of the formula (5) the
ecotoxicity of the products of reagent processing
compared to the initial preparation decreased by
8.6 times, and in case of indirect use of formulas (3)
and (4), i.e. with a consideration of ecotoxicity
of the reagent CS,, equivalent in this case to the
highly toxic obsolete pesticide, ecotoxicity of the
final products compared to precursors decreases by
144 times.

Table 3. Ecotoxicity of the organic substances of reagent
processing of the obsolete pesticide Banvel

)

— ecotoxicity of the reaction products.

Preparation LD

(sulra)stance) P N, kg/ha mg/iog’g E
Banvel 3,5 46,8 2375 | 6,9-107
Dicamba 3,5 7,0 4200 | 5,8-107
Ziram 1,0 3,0 1340 | 2,2:10°
Carbon disulfide*| 3,5 1,0 32 1,09

Footnote. For carbon disulfide the following values:

persistence - at the maximum value for the studied obsolete
pesticides; allowances - at the threshold limit value of the
working area were used.

Economic efficiency of 2-methoxy-3,6-
dichlorobenzoates and dimethyldithiocarbamates of
3d-metals as modifiers for regenerated industrial oils
was determined using the initial data presented in
the Table 4.

Price growth (G, UAH/t) by implementing
modified oil was calculated using the formula:

G=P, -R,,
where P; — price of the modified oil, UAH/t;

P, — price of the regenerated oil, UAH/t.

cl Cl
2 COOH-NH(CH;), + 2HCI + 2CS, + 4NaOH + ZnSO, —3 2 COOH +
Dicamba
cl”  OCH,; cl”  OCH; 4)
Banvel

CH S
N

Ziram

®  INaCl + NaySO, + 4H,0
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Table 4. Data for calculation of economic effect at the
obtaining of modified industrial oils

Oil name Amount, | Price, procccl)jz t(i)(f)n
(oil mixture) t/'year | UAH/t UAH/

Used industrial oils 300 3000 —
(I-20A, 1-40A) 8000 _
Regenerated 280 5000— | 800— 1500
industrial oils 7500
(clarified fraction
after a coagulation)
Regenerated 140 7500 | 1800 — 2500
industrial oils
(fraction after a
rectification)
Modified oils 70 8000 — | 300-—400
(fraction after 9000
introducing an
additive-modifier)

Revenue (R, UAH/year) from the sale of

modified oil is:
R=GM,

where M — amount of modified oil, t/year.
Expenses (Sp, UAH/year) of the obtaining of
modified oil was calculated using the formula:

Exp = Exp; + Exp,,

where Exp; — expenses of additives production,
UAH/year;

Exp, — expenses of the production of a modifier-
concentrate and modified oil, UAH/year.

Costs of additives production include the cost of
additional equipment, the cost of chemicals, the cost
of water and wastewater, energy costs in the
processing, salaries, charges for amortization of
equipment, charges for insurance and transport
costs. The cost of the production of modifier-
concentrate and modified oil was calculated by the
formula:

Exp, =MC,
where C — cost of production at the obtaining of
modifier-concentrate and modified oil, UAH/t.

Economic effect (Ef, UAH/year) from the
introduction of additive-modifier at the manufacture
of modified oil is the difference between revenue
and expenses:

Ef=R — Exp.
Calculated economic effect of the use of the
obtained compounds in this paper, which improve

the antiwear and frictional properties of regenerated
industrial oils, was 27,720 UAH/t.

4. Conclusions

1. A scheme of the modification of regenerated
industrial oils by using a synthesized benzoates and
dithiocarbamates of Copper(Il) and Zinc was
developed.

2. It was found that introduction of benzoates
and dithiocarbamates of Copper(Il) and Zinc to
regenerated industrial oils improves their
tribotechnical characteristics.

3. Using ecotoxicity of the chemicals both initial
and products of reagent processing of the obsolete
pesticide Banvel showed the reduction of
anthropogenic risks of storage of the unusable
pesticides.

4. An economic effect of the use of the explored
additives in the regenerated industrial oils was
calculated.
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e()eKTHBHICTH Ta AHTPONOTeHHi PU3MKH NPU pereHepauii iHaycTpiaJbHUX 0JIMB
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Posrnsnyro HIIIT BanBen, AiFOUO PEUOBHHOIO SIKOTO € JIMMETHJIAMOHIEBA Cillb 2-METOKCH-3,6-IMXJIOPOCH30HHOT
KUCJIOTH. BH3HAa4€HO TEXHOI'€HHI PHU3MKW IpHU OTpHMaHHI OeH30aTiB Ta IUTiOKapOamariB MeTaliB — MPOIYKTIB
pearentHoi nepepoOku HIIII sx gomaTkiB A0 pereHepoBaHMX IHAYCTpialibHUX OJMB. [IpoTHCHpalboByBaJIbHI Ta
AHTU(PUKIIHHI BIACTUBOCTI «YUCTOI», pereHepoBaHoi Ta Moan¢ikoBaHoi oiauBu [-40A mociimkeHo 3a TpaauniiHOO
MeToauKoI0 Ha MamuHi TepTs Ty CMLI-2. TexnorenHi pusnku peareHtHoi nepepoOku HIIT oriHeHO sk pi3HULIIO MiXK
CTaTMYHUMH Ta [JUHAMIYHUMH TOKa3HMKaMH pu3uKiB noBo/pkeHHs 3 HIII. Po3poGieHo npHHIMIIOBY cXxemy
Monudikarlii pereHepoBaHUX IHAYCTPIATbHUX OJUB OJATKAMH, OTPUMAHUMHU PEareHTHOIO IepepOoOKO0 HENMPUIATHUX
MIECTHLUAHUX TpernapatiB. [3 BUKOPUCTaHHSIM €KOTOKCHYHOCTI BUXITHHUX XIMIYHUX PEYOBHH Ta MPOIYKTIB peareHTHOI
mepepoOku HIIIT BanBen moka3aHO 3MEHIICHHS TEXHOTCHHUX PHU3HKIB 30epiraHHs HETPHIATHHUX JO 3aCTOCYBAaHHS
MECTHLUAHUX TIperapartiB. Po3paxoBaHO eKOHOMIUHY e(heKTHBHICTH 3aCTOCYBaHHS 2-METOKCH-3,6-InXI0pOeH30aTaTiB
1 numerminTiokapbamaris 3d-MeTaniB sk MOAN(IKATOPIB pEreHepOBAHNX THIYCTPIAIbHUX OJIHB.
KoarouoBi ciioBa: nonarky; HempuIaTHI MECTULUIHI MpenapaTH; peareHTHa IepepoOKa; pereHepoBaHi iHIyCTpialibHI
OJIMBU; TEXHOT'€HHI PU3HKH.
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3¢ PeKTUBHOCTH U AHTPOINOreHHbIE PUCKH MPHU pereHepanuu MHAYCTPUATbHBIX MaceJl
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Paccmorpen HIII1 BanBen, nelicTBYIOIIMM BELIECTBOM KOTOPOTO SIBISIETCSI COJIb 2-METOKCH-3,6-InXJI0pOSH30HHON
KUCIOTHI. OIpe/e/ieHbl TEXHOTCHHBIC PUCKH MPH MOJYYCHUH OCH30aTOB M ITUTHOKAapOAMaTOB METAJIOB — MPOIYKTOB
pearenTHoii mepepadotkun HIIII B KkauyecTBe mNpHCaZOK K pPEreHepUpPOBaHHBIM MHAYCTPUAIBHBIM  MacliiaM.
[IpoTHBOM3HOCHBIE W aHTH()PUKIIMOHHBIC CBOWMCTBA «YHCTOr0», PETEHEPUPOBAHHOTO M MOAUGHUIIMPOBAHHOTO Maciia
M-40A uccienoBaHsbl 10 TPaIMUUOHHON MeTOauKe HAa MamuHe TpeHus tTuna CMLI-2. TexHOreHHble pUCKH peareHTHOM
mepepabotku HIIII orieHeHbI Kak pa3HHIIA MEKIY CTATUICCKAMH U JHHAMHUYCCKAMHE ITOKA3aTeIIMHI PUCKOB 00palicHUs
¢ HIIII. Pa3pabotana mnpWHIMIHAIEHAS CXeMa MOTU(PHKANNNA pPEreHEPUPOBAHHBIX WHAYCTPHAIBHBIX Macel
MpHUCaKaMH, TOJIYYCHHBIMH pEarcHTHON mepepaboTKOH HEKOHAWIMOHHBIX IECTHOUAHBIX mpemapatoB. C
HCIOJB30BAHNEM AIKOTOKCHYHOCTH HCXOIHBIX XMMHYECKHX BEIIECTB M IMPOAYKTOB peareHTHoi mepepadorku HIIII
banBesn 1oka3aHO YMEHBLUIEHME TEXHOIEHHBIX PHUCKOB XPAaHEHUS HENPUIOJHBIX K IPUMEHEHHIO IECTULUAHBIX
npemnapatoB. PaccumTaH 3KOHOMHYECKHH d(PGEeKT mnpuMeHeHUus 2-MEeTOKCH-3,6-Iuxa0pOCH30aTOB U
JUMETWITUTHOKapOamMaToB 3d-MeTauIoOB B KavyeCcTBE MOAM(DUKATOPOB PEreHEPUPOBAHHBIX  HHIYCTPHAIBHBIX
Macell.
KawoueBble cJjioBa: HEKOHAWUIMOHHBIE TNECTUIMJIHBIE TMpenaparbl, NpPHUCAIKW; peareHTHas mnepepaboTka;
pereHepupoBaHHble UHYCTPUANIbHBIE Maciia; TEXHOT€HHBIE PUCKHU.



134 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2013. N4 (57): 128—134

Ranskiy Anatoliy. Doctor of Chemical Sciences. Professor.

Head of the Department of Chemistry and Chemical Technology, Vinnytsia National Technical University, Vinnytsia,
Ukraine.

Education: Dnipropetrovsk Institute of Chemical Technology, Dnipropetrovsk, Ukraine (1976).

Research area: Coordination Chemistry of N,O,S-containing organic ligands and transition 3d-metals; technologies
of utilization of environmentally hazardous industrial waste.

Publications: 229.

E-mail: ranskiy@gmail.com

Gordienko Olga. Assistant Professor.

Department of Chemistry and Chemical Technology, Vinnytsia National Technical University, Vinnytsia, Ukraine.
Education: Taras Shevchenko State University of Kyiv, Kyiv, Ukraine (1992).

Research area: technologies of reagent processing of the obsolete pesticides.

Publications: 46.

E-mail: olgordienko@mail.ru

Titov Taras. Postgraduated student.

Department of Chemistry and Chemical Technology, Vinnytsia National Technical University. Vinnytsia, Ukraine.
Education: Vinnytsia National Technical University, Vinnytsia, Ukraine (2010).

Research area: environmentally safe reagent processing of waste of coke productions.

Publications: 22.

E-mail: tarastitov@rambler.ru

Tkachenko Stanislav. Doctor of Engineering. Professor.

Head of the Department of Heat Power Engineering, Vinnytsia National Technical University, Vinnytsia, Ukraine.
Education: Kyiv Technological University of Food Industry, Kyiv, Ukraine (1962).

Research area: heat-mass transfer and hydrodynamics of multicomponent mediums and flows in elements of thermal-
and biotechnological equipment, analysis and synthesis of thermal- and biotechnological systems and equipment.
Publications: 395.

E-mail: vintu@vntu.edu.ua

Pivovarov Aleksandr. Doctor of Engineering. Professor.

Head of the Department of Technology of Inorganic Substances and Environment, Ukrainian State University of
Chemical Technology, Dnipropetrovsk, Ukraine.

Education: Dnipropetrovsk Institute of Chemical Technology, Dnipropetrovsk, Ukraine (1973).

Research area: theoretical and applied research of disbalanced low-temperature plasma in the technology of inorganic
substances and other fields of science and industry.

Publications: 337.

E-mail: apivo@ua.fm



