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O6’exmom docniowcenns ¢ N,N-dianin-(3-apunizooxcason-5-in)-memunencyivgponiramiou (Ar: CsHs (1);
CeH,—4—-CHj3 (2); C¢Hy—4—0CoHs (3)) 6 skocmi npomusHouy8aivHux npucadox 0o oius, ki 00epicano 3 6io-
nogionux cyrvgonirxiopudie ma diariraminy. STk emanon 3a diero suxopucmano npomuciosy npucadxy AD-11
(Oianxindumiodpocpam wunxy) (4), a emanon 3a 6ydosoio — aninosutl ecmep 2-mepxanmobensmiazony (5). Ak
CUHMEMUUHY 0JUBY BUKOPUCTAHO eCmep NeHMAePUmpumy ma H-maciasHoi KUCIOMuU, SKUll 00epHCano peakyier
ecmepudghixauii.

Jocridnceno desxi Qisuuni xapaxmepucmuxu (6i0HOCHY 6’A3KICMb MA NOKASHUK 3ALOMAEHHS) 00epicanoi
oaueu npu dodasanni cyrvgoninamioie (1)—(3) ma be3 nux.

Bnaue dodasannst N,N-Oianin- (3-apunizooxcason-5-in)-memuiencyivgoninamioie (Ar: CeHs (1); CsH—4—CHs (2);
CsH,—4—-0C5H5 (3)) na dunamiuny miynicms 0ocaioxnyeanoi onusu oyinsaiu 3a memoouxor ASTM D2783
(TOCT 9490-75) na womupuxyavKosii Mawuni mepmsi 3a NOKASHUKOM KPUMUUHO20 HA8AHMAaxiceHHs. Bunpobogsy -
8aHHsL NPOGOOUIU NPU Mepmi Y 810N06IOHUX PiOUHAX CMAHOAPMUS0BAHUX METNATEBUX KYIbOK, U0 BUZOMOBLCH]T 3i
cmani IIIX15 (mikpomeepdicmv — 64—66 HRC, napamemp scopcmxocmi — Ra< 0,25 mxm). Yacmoma obepmanis
BEPXNBOT HABANMAINCEHOT KYNbKU 6I0HOCHO MPbOX Hepyxomux Kyavox — 1500 xe~!, memnepamypa onueu — 20 °C.
Yac eunpobysais npu xoxcnomy nasanmazicenni — 10 ¢, nogmoprosanicms excnepumenmy — mpu eunpodyeanis
051 KOHCHOZ0 HABAHMANCEHHSL.

Hocnioscenns sminu diamempy nismu 3nowenns D, memanesux Kyivox npu mepmi 6 euxionii oausi 6es doda-
sanns cnonyxku (3) ma 6ionogiono 3 dodasanmam 3oisicneno npu obepmax 1500 x6~ ", nouamxosiii memnepamypi
25 °C, nasanmancenni 98 H, uacy docniowcenns — 1 z00una. Odepacani pesyromamu ceiouamo, wo D, onueu
Ge3 enecenns sasnauenoi cnoayxu ckaas 0,75 mm, a npu ii enecenni (0,1 mac. %) — 0,67 mm, moomo, suumncenis
snowyeanns ckiadae 10,67 %.

3naiideno, ujo npucymuicms docaioxyeanux npucadox (1)—(3) y Marux KOHUEHMPAUIsX Yy CUHMEMUYHIL 0IUG]
Ha 0CHOGI ecmepy NeHmaepumpumy ma H-Mmacisiioi KUCIomu Modce cymmeso niosuiysamu ii necyuy 30amuicmo.
Haiibinvw epexmusnoro ¢ cnoayxa (3), axa 6 xonyenmpayii 0,1 % mac. nepesuwye necyuy soammicmo, nopie-
HsaHo 3 (4), y 1,38 pasu, a 3 (5) — y 1,37 pasu. 3asnavena cnoayxa € Oivw ePeKMuUsHON Y KOHUECHMPAyii, wo
6 10—20 pasis ¢ menwor, nopieHsano 3 iI0OMUMU NPUCAOKAMU.

Taxum uunom, sacmocysanns N,N-Odianin-(3-apunizooxcason-5-in)-memuiencyiv@poniramiois, sk npucadox
02151 NIOBUUEHHS HECYUOT 30aAMHOCNT CUHMEMUUHUX 0JIUE HA OCHOBI ecmepy NEeHMAepUmpumy ma CUHMemuuHUx
HCUPHUX KUCOM, 00380516 NIOBUWUMU NPOMUSHOWYBATLHY AKMUSHICMY Macmuivhux mamepianie. Tomy eonu
MOKHCYMb OYymu 6UKOPUCTAHT OISt CMEOPEHHSL HOBUX eDeKMUSHUX KOMNO3UYiL J0 0ue i Hadmonpodyxkmis.

Kmwouosi cnosa: N,N-diarii-(3-apunizookcason-5-in)-MmemuneHcyivoHiiamion, CuHmemuyna oiued, 8i0HOCHA
6’SI3KICMb, NOKAZHUK 3ATOMACHHSL, NISIMA 3HOUEHHS, HeCYua 30amHicm.
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1. Introduction oil [1]. Refined petroleum products are toxic and can

accumulate in the environment, creating incorrigible en-
Today, the global production of lubricants is approxi- vironmental problems. Therefore, in Western Europe in
mately 41 million tons/year, the lion’s share of which is recent decades there has been a question of improving the
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environment in the framework of the Kyoto Protocol and
subsequent directives [2, 3]. So, modern oils should have
a wide range of operational properties that take into ac-
count the needs of both environmentalists and consumers
and equipment manufacturers. The use of additives solves
this problem [4].

The development of new anti-wear additives of Ukrai-
nian production to improve the operational properties
of oils is an urgent problem of modern petrochemicals.
Isoxazole derivatives may be interesting in this regard
due to their wide range of practically useful properties.
Thus, the isoxazole heterocycle is part of certain drugs,
for example, Leflunomide [5], Valdecoxib [6], Sulfisoxa-
zole [7], and others. The use of isoxazole derivatives as
anticancer agents [8], antioxidants [9], and complexing
agents [4] has also been reported [10].

Therefore, the object of research is N,N-diallyl (3-ary-
lisoxasol-5-yl)-methylenesulfonylamides (Ar: CgH; (1);
CgH;—4-CHjs (2); CgH4~4—0OC,H;5 (3)) as antiwear ad-
ditives to oils that are derived from the corresponding
sulfonyl chloride and dialylamine. And the aim of research
is the use of N,N-diallyl (3-arylisoxasol-5-yl)-methylenesul-
fonylamides as additives to increase the bearing capacity
of synthetic oils based on pentaerythritol and synthetic
fatty acids (SFA).

2. Methods of research

The search for new substances as additives to increase
the bearing capacity of oils and lubricants is of not only
scientific, but also practical interest. The specified research
objective is solved by the use of N,N-diallyl (3-arylisoxa-
sol-5-yl)-methylenesulfonylamides in the general formula:

R
N \ , (D-3)
s AN
-~ 4 o

where R: H (1); CHs (2); OCyHs (3), as additives to
increase the bearing capacity of synthetic oils based on
pentaerythritol and SFA.

Compounds (1)—(3) are prepared ac-
cording to a known procedure [11] from
the corresponding sulfonyl chloride and
dialylamine.

The oil based on pentaerythritol ester and n-butyric
acid was obtained according to the procedure [15].

Some physical characteristics of the obtained oil were
studied with the addition of N,N-diallyl (3-arylisoxasol-
5-yl)-methylenesulfonylamides (1)—(3) (relative viscosity —
with a VU viscometer (GOST 1532-54) according to [16],
and the refractive index on the IRF-22 device (USSR)
in accordance with [17]) (Table 1).

The relative viscosity is calculated according to the
well-known formula, namely:

n==t/t,

where 1 is the relative viscosity; ¢ is the expiration time
of the oil with the additive; ¢y is oil outflow time with-
out additive.

Three measurements of the oil outflow time with an ad-
ditive (¢) for various concentrations and three measurements
of the oil outflow time without an additive were carried out.
The arithmetic mean of the results of three determinations
is taken as the result of determining the expiration time.

The refractive index was measured first at a temperature
of 25 °C, and then recalculated n’ according to the formula:

n20=nE+(t—20)-0.00035,

where np? is the refractive index at the temperature of the
experiment; nZ’ is the refractive index at a temperature of
20 °C; t is the temperature of the experiment, °C; 0.00035
is the change in refractive index when the temperature
changes by 1 °C.

To assess the tribological properties of oils, indica-
tors such as the load wear index Uj, the bearing capacity
(or maximum load) R, and the welding load R, and
the diameter of the wear spot D, are used. The bear-
ing capacity of liquid lubricant provides a hydrodynamic
friction regime in precision friction units of automobile
and aircraft engines. The bearing capacity of lubricants
increases due to additives that form microheterogeneous
associates [18]. So, the additive can affect the structure
of the oil with an increase in its bearing capacity.

Tahle 1

Relative viscosity (1)), expiration time (4 fo) and refractive index nZ° of an oil based
on ester of pentaerythritol and n-butyric acid with the addition of N,N-diallyl

(3-arylisoxasol-5-yl)-methylenesulfonylamides) (1)—(3)

As a .reference, to compare th«ls effegt of Investigated substances Cwt%| m t | om0

the studied compounds on the tribological

properties of oils, the industrial additive H

DF-11 (zinc dialkyldithiophosphate (4)) o)

was used [12]. The disadvantages of using \/\N—g / \ ) o1 0893 | 5483 | 1446014478

this additive in oils are the increased ability |~/ [ O/N

to form deposits on machine parts and high

ash content. This, in fact, is the reason for CH;

the abrasive wear of the cylinder-piston 0

group, deposition of soot in the combus- \/\N*g / \N @) o1 0950 | 5243 114450 1.4468

tion chamber, candles and other parts of |-~ bo) o

the engine, reducing its service life and

reliability [13]. et 0.5 0.859 | 5.284 |1.4458|1.4476

(1-3) 5 il ether Dmercaptobemsthies | M Nl ®] D1 | 0888 | 5Si5 | 14450 14475
. . N 0.01 0.845 | 5215 |1.4450|1.4468

zole (5) in a concentration of 1-2 wt. %. |-~ ! o

It has been previously stated [14] as an

ashless antiwear additive for lubricants. Pentaerythritol tetrabutyrate - - th=5.52 | 1.4444 | 1.4462

;32
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In practical terms, the studied compounds (1)—(3) can
be used as additives to existing oils and lubricants.

Thus, aviation oils for gas turbine engines, heli-
copter gearboxes and other equipment of brands B-3V
(TU 38.101295-85), LS-240 (TU 301-04-010-92) and
PTS-225 (TU 38.401-58-1-90) are synthetic oils based
on pentaerythritol esters and fatty acids with a complex
of additives. They differ in viscosity, lubricating proper-
ties, pour points and other operational properties [19].

The dynamic strength of the test oil was evaluated ac-
cording to the method of ASTM D2783 (GOST 9490-75)
on a four ball friction machine according to the critical
load index. This indicator represents the maximum load
at which metal contact (scoring) does not yet occur dur-
ing friction in the test liquid of standardized metal balls
made of ShKhi15 steel (microhardness — 64-66 HRC;
stiffness parameter — Ra<0.25 um) [20].

Experimental conditions: rotation speed of the up-
per loaded balls in relation to three stationary balls —
1500 min~'; oil temperature — 20 °C; test time at each
load — 10 s; experiment repeatability — three tests for
each load (Table 2) [21].

Tahle 2

Maximum oil loading based on ester of pentaerythritol and butyric acid
in the presence of additives (21]

Investigated substances C, wt. %. F. H
H
NN\ (u) )\ (1) 0.1 800
s L\
/\/ O O/
NN I @] o1 710
N*ﬁ N
/\/ O O/
OC,H;
0 0.5 750
NN / )\ (3) 0.1 1000
N—S 0.01 800
o~ NN
1.0 875
DF-11 (4) 0.1 725
0.01 705
2.0 875
Allyl ester of 2-mercaptobenzthiazale (5) 1.0 880
0.1 730

After analyzing the data obtained, it is possible to
talk about the effectiveness of the addition of isoxazole-
containing additives to oil based on ester of pentaeryth-
ritol and butyric acid.

3. Research results and discussion

In the study of the relative viscosity of the oil without
the addition of compounds (1)-(3) and with their par-
ticipation it was found that these additives do not carry
out the thickening action of the oil, but only improve
the flow rate. This can contribute to lowering the pour
point of said oil in winter (Table 1).

According to the Table 1, the refractive index of oil
with and without additives is close to the refractive index
of glass, n}) of which is from 1.485 to 1.925.

The study of the diameter of the wear spot D, of
compound (3) was carried out at revolutions of 1500 rpm,
an initial temperature of 25 °C, a load of 98 N, and
a study time of 1:00. The results obtained indicate that
D, of the oil without making the specified compound was
0.75 mm, and when it was added (0.1 wt. %) — 0.67 mm.
Therefore, the reduction in wear is 10.67 %.

Table 2 shows the maximum load of oil based on
ester of pentaerythritol and butyric acid in the pres-
ence of the proposed compounds and known antiwear
additives.

According to Table 2, additives (1)—(3) in low con-
centrations can significantly increase the bearing capacity
of synthetic oils based on pentaerythritol and SFA. The
most effective is compound (3), which at a concentration
of 0.1 % of the mass significantly increases the bearing
capacity of the oil. Moreover, the value for increasing this
characteristic is 1.38 times greater in comparison with
the industrial additive DF-11, and 1.37 times greater in
comparison with allyl ester of 2-mercaptobenzthiazole,
respectively. In addition, this compound is more effec-
tive in concentration, 10—-20 times less compared with
known additives.

4. Conclusions

Thus, the use of N,N-diallyl (3-arylisoxasol-5-yl)-meth-
ylenesulfonylamides as additives to increase the bearing
capacity of synthetic oils based on ester of pentaerythritol
and synthetic fatty acids, allows to increase the antiwear
activity of lubricants. So, this indicates the prospects of
their use for creating new effective compositions for oils
and petroleum products.
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