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Abstract: This paper presents the results of studies of the anti-seize properties of (2,2-dimethyl-4-methylene-
1,3-dioxolane-allyl and benzyl)disulfides synthesized on the basis of 2,2-dimethyl-4-chloromethyl-1,3-
dioxolane, sodium disulfide and allyl and benzyl chlorides, respectively, in the composition of transmission
oils. The synthesized compounds are new compounds not previously described in the literature, the structure
of which has been proven by studying their physicochemical properties, elemental composition, and IR
spectroscopy. It revealed that the synthesized compounds in terms of extreme pressure efficiency are
significantly superior to transmission oil MS-20, as well as bis(2,2-dimethyl-4-methyl-1,3-
dioxolane)disulfide, previously synthesized by the authors of this article and a typical extreme pressure
additive ethylene-bis-isopropylxanthate (LZ-23k). It found that the replacement of one of the 1,3-diocosolane
fragment in bis(2,2-dimethyl-4-methylene-1,3-dioxolane) disulfide with allyl or benzyl radicals leads to an

improvement in anti-seize properties due to their better adsorption on metal surfaces of rubbing parts.
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Introduction

The growth trend in the automotive
industry causes an increase in demand for
effective additives to lubricating oils, which
ensure the creation of high-quality lubricating
oils that reduce friction and wear of machine
parts and mechanisms for their intended
purpose.

Transmission oils are used to lubricate
gearboxes, steering gears, gears and chains of
all types, and in this work, new compounds are
proposed as oil additives, on the basis of which
high-quality transmission oils can be created.

It should be noted that when creating
high-quality oils, the creation of additives from
available and cheap raw materials is of no small
importance. Such is glycerin, which as a plug
product is formed in the production of biodiesel

[2].

Based on this cheap raw material,
compounds used in numerous areas of the
national economy have been synthesized. Of the
derivatives of glycerol, 1,3-dioxolanes are
especially widely used, which are quite easily
obtained by the interaction of glycerol and
ketones [3, 4]. And although a large number of
compounds used for practical purposes have
been obtained on their basis, however,
information on their use as additives to
lubricating oils is almost absent [5-7].

The main goal of the work was the
synthesis of new unsymmetrical disulfides
based on 1,3-dioxolanes and the study of the
influence of the structure of the fragments that
make up the compounds on their anti-seize
properties.
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Experimental part
Based on 1,3-dioxolane, we synthesized 1,3-dioxolane-benzyl)disulfide.
(2,2-dimethyl-4-methylene-1,3-dioxolane- The proposed disulfides  were
allyl)disulfide and (2,2-dimethyl-4-methylene- synthesized according to the following scheme:
CH,=CH-CH,ClI CHj O-CH
CHs — AN / ’
\ /o -CH, C
/C\ TNa-S-S-Na+ CH3/ \O-CH-CHZ-S-S-CH2=CH-CH2
CH, O - CH - CH,CI D
‘ CeHsCHzcl CH3 \ C O - ‘CHZ
CH3/ \O-CH-S-S-CHQCGH5
(In
At the first stage of the work, saturation of glycerol

with dry hydrogen
a-chloropropanediol ~was  synthesized by chloride:

CH,OH - CHOH - CH,OH + HCl — CH,OH - CHOH - CH,Cl
(n2?) — 1.4784; (d2%) — 1.3146; MR, found. — 22.31; MRp, calc. — 22.37

With the subsequent interaction of which

chloromethylene-1,3-dioxolane was obtained:
with dimethyl ketone, 2,2-dimethyl-4-

CHs CHs O - CH,

N, ‘
CH3/ \o-

CH - CH,CI
(n2%) — 1.4350; (d2%) — 1.0937; MRy, found. — 35.80; MRy calc. — 35.86

TsOH
CH,OH - CHOH - CH,CI + 0O ——>»

CHs

Sodium disulfide was obtained by dissolving sulfur in sodium sulfide nonahydrate:

70°C
Nazs . 9H20+S _— Na-S-S-Na
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Fig. 1. Infrared spectrum (2,2-dimethyl-4-methylene-1,3-dioxolane-allyl)disulfide
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The individuality of the obtained
compounds was proved through determining
their elemental composition (C, S, N, H, CI) by
the TruSpec-Micro (LECO) analyzer, refractive
indices (n3?), specific gravity (dz®) with
calculations of MRp found. and MRp, calc., as
well as IR spectroscopy. IR spectra were taken
on a SPECORD-75IR IR spectrophotometer,
Carl-Zeiss (Germany) using KBr prisms in the
region — 4000-400 cm’.

In the IR spectrum of (2,2-dimethyl-4-
methylene-1,3-dioxolane-allyl)disulfide (Fig.1)
—S—S— absorption bands in the region of 483410
cm™ were identified, characterizing the —C=S—
bond 1634 cm™, absorption bands =C—H bonds

are observed in the region of 3081 cm™, bands
above 3000 indicate the presence of an
unsaturated bond, bending vibrations of &c y
correspond to 920-859 cm™ [8].

In the IR spectrum of (2,2-dimethyl-4-
methylene-1,3-dioxolane-benzyl)disulfide
(Fig.2) absorption bands of the C-H bond are
observed in the aromatic 3093,89-1634 cm™,
3060,80-1634 cm™, 3027-1634 cm™, absorption
bands correspond to the aromatic ring 1300,73-
1634 cm™, 1583-1634 cm™, 1538-1634 cm™,
1494-1634 cm™, 1453-1634 cm™, bending
vibrations 8¢c_y correspond to 697 cm™, 763 cm’
', 862 cm™, 913 cm™,
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Fig. 2. Infrared spectrum (2,2-dimethyl-4-methylene-1,3-dioxolane-benzyl)disulfide

Anti-seize properties were determined
by the ASTM D2596 test method, the estimated
indices were the load wear index, the critical
load, the welding load.

Syntheses of disulfides were carried out

as follows:
The installation used in the production of

O - CH,

3\C/

disulfides consists of a glass three-necked flask
equipped with a thermometer and a dropping
funnel and a mechanical stirrer heated by an
electric mantle heater.
(2,2-Dimethyl-4-methylene-1,3-
dioxolane-allyl)disulfide (1) is as follows:

CH3/ \O-CH-CHZ-S-S-CHZ-CH=CH2

24 g (0.1 mol nanohydrate) of sodium
sulfide (Na,S-9H,0), 3.2 g (0.1 mol) of sulfur
(S) and 50 ml of water were placed in a reaction
flask, stirred at 70°C for 1 hour, then in the flask

was fed with 15 g (0.1 mol) of 2,2-dimethyl-4-
chloromethyl-1,3-dioxolane and 0.6 g of
tetrabutylammonium bromide [(C4Hg)4N]Br as a
catalyst, 50 ml of benzene and stirred for 30
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minutes, allylchloride was added to the flask,
stirring was continued for 4 hours at 60-65°C.
The resulting product was washed with
water; benzene was distilled off and dried under
vacuum. The yield of the obtained product is 17

g (77.3%).

Physical and chemical characteristics
and elemental composition of the product are as
follows:

(nZ?) — 1.4990; (d2") — 1.1190; MRp found - 58.65; MRy calc. — 58.09

CgH160,S,: found, %: C — 48.95; H — 7.00; S — 29.1

Calculated, %: C — 49.06; H — 7.32; S — 28.92
(2,2-Dimethyl-4-methylene-1,3-dioxolane-allyl)disulfide, brown liquid, soluble in solvents

and mineral oils.

(2,2-dimethyl-4-methylene-1,3-dioxolane-benzyl)disulfide (1) is as follows:

CHj

\C/

O-CH,

CH, d \o ~CH-CHy- S-S - CHyCgHs

In a reaction flask at 70°C, 24 g (0.1
mol) of sodium sulfide nonahydrate
(Na,S-9H,0), 3.2 g (0.1 mol) of sulfur and 50
ml of water were stirred for 1 hour, then 15 g
(0.1 mol) of 2,2-dimethyl-4-chloromethylene-
1,3-dioxolane was added, 50 ml of benzene and
0.6 g of tetrabutylammonium bromide
[(C4Hg)4N]Br as a catalyst were stirred for 40
minutes. Then, 8.7 g (0.1 mol) of benzylchloride

was added to the flask and stirring was
continued for 5 hours. The product was washed
with water; benzene was distilled off and dried
under vacuum. The vyield of the obtained
product is 14 g (72%).

Physical and chemical characteristics
and elemental composition of the product are as
follows:

(n2%) — 1.5290; (d2%) — 1.0954; MRp found. — 76.1; MRp calc. — 75.52
C1sH150,S,: found, %: C — 57.84; H — 6.81; S — 23.49
Calculated, %: C — 57.9; H — 6.69; S — 23.63

The synthesized compounds were tested
at 5% concentration as anti-seize additives in
MC-20 gear oil.

To determine the effectiveness of the
synthesized disulfides, Table also provides data
on the anti-seize properties of bis(2,2-dimethyl-

4-methylene-1,3-dioxolane) disulfide previously
synthesized by the authors, as well as the well-
known typical anti-seize pressure additive LZ-
23k (ethylene-bis-isopropylxanthate) (I'OCT
11883-77).

Table 1. Tribological characteristics of the synthesized compounds in MC-20 gear oil

Concentration

Extreme pressure properties ass.
to ASTM D2596

Compounds of samples in . i
oil, % Load wear | Critical | Welding
index, N load, N | load, N
CHs; O - CH,
NS | 5 720 1008 | 3920
CH3/ \O-CH-CHZ-S-S-CH2=CH-CH2 )
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CHs\ O-CH,
‘ 5 731 980 4381
/ O-CH-CH;-8-8-CHCeHs  (][)
CH3 \ o- THZ C|H2 - O\ /CH3
5 528 980 3980
/ O-CH-CH,-S-S-CH,-CH - O/ \
iC3H,0CS - CH, - CH, - SCOC3H-i 5 £28 980 3980
S S
MC-20 oil - 330 794 1568

Results and discussion

It should be noted that, in general, all
disulfides are characterized by high extreme
pressure properties caused by the fact that the
—S-S- bond is relatively easily broken and a
protective layer consisting of iron sulfides (FeS,
Fe,S3) is formed on the metal surface [9, 10].

The test results showed that the
disulfides synthesized by the authors of this
work also have high anti-seize properties, and
disulfides containing allyl and benzyl
fragments, in these properties, are somewhat
superior to the known bis (2,2-dimethyl-4-
methylene-1,3-dioxolane) disulfide and a typical
anti-seize additive LZ-23k.

Wear scar diameter
N

The higher anti-seize properties of the
proposed disulfides compared with the structure
of bis(2,2-dimethyl-4-methylene-1,3-dioxolane)
disulfide can be explained by the presence in the
bis(2,2-dimethyl-4-methylene-1,3-dioxolane)
disulfide of 2 dioxolane fragments, which are
somewhat more difficult to adsorb on the metal
surface due to their branched structure. And the
replacement of one of the dioxolane fragments
with allylic or benzyl radicals significantly
increases the adsorption of the compound on the
metal surface, which leads to accelerated
formation of a protective layer that reduces the
surface destruction of rubbing parts [11].

|

—./

l
P88 £ ¢ 3

AN

134
528
L
{16
“H

EEEE

Axial load

Fig. 3. "Wear-load"graph in lagorithmic coordinates: 1) (2,2-Dimethyl-4-methylene-1,3-dioxolane-
allyl)disulfide; 2) (2,2-dimethyl-4-methylene-1,3-dioxolane-benzyl)disulfide
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A comparison of the anti-seize properties
of the synthesized disulfides with each other
showed that the critical loads of both
compounds are very close in their values,
however, in terms of the welding load and the
load wear index, (2,2-dimethyl-4-methylene-
1,3-dioxolane-benzyl)disulfide is somewhat
superior according to this parameter (2,2-
dimethyl-4-methylene-1,3-dioxolane-
allyl)disulfide, which can be clearly seen in the
figure 3.

The curves clearly show changes in wear
scar diameters (Wd) of joints 1 and 2 with load.

The higher anti-seize properties of (2,2-
dimethyl-4-methylene-1,3-dioxolane-
benzyl)disulfide can be explained as being due
to its low thermal stability, as is known that the
lower the thermal stability of the compounds,
the higher their anti-seize properties.

Thus, the synthesized disulfides obtained
on the basis of readily available and cheap raw
materials — glycerol, have sufficiently high
extreme pressure properties, following which
these compounds may be of interest as extreme
pressure additives for transmission oils used in
gearboxes and other mechanisms.
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ASIMMETRIK DiSULFiDLOR TRANSMIiSSiYA YAGLARINA ASQAR KiMi

N.N. Novotorjina, A.R. Sucayev, Q.A. Qahramanova, M.R. Sofarova, i.P. ismayilov,
M.9. Musayeva, Y.S. Mustafayeva

AMEA-mn akad. 8. Qulivev adina Asqarlar Kimyas: Institutu
AZ 1029, Boyiiksor sosesi, 2062-ci kvartal; e-mail: yegane.434@mail.ru

Xiilasa: Bu isdo miivafiq olaraq 2,2-dimetil-4-xlorometil-1,3-dioksolan, natriium disulfidve allil-,
benzilxloridlor osasinda sintez edilon (2,2-dimetil-4-metilen-1,3-dioksolan-alil vo benzil)disulfidlorin
transmissiya yaglari torkibindo siyrilmoyo qarsi xiisusiyyatlorinin todqiqgat naticalori toqdim olunur. Sintez
edilmis birlogmolor avvallar adobiyyatda tasvir olunmayan, strukturu fiziki-kimyavi xassaleri, element torkibi
vo 1Q-spektroskopiyasinin dyrenilmesi ilo siibut edilmis yeni birlogmolordir. Sintez edilmis birlosmolorin
siyrilmoya qarsi xassolori UMT-1 dord kiirali siirtiinms masininda toyin edilmisdir. Miioyyon edilmisdir ki,
sintez edilmis birlosmalorin siyrilmaye qars1 xassolori MS-20 transmissiya yagindan, homginin avvellor bu
moqalonin miialliflori torafindon sintez edilmis bis(2,2-dimetil-4-metil-1,3-dioksolan)disulfid vo miiqayiso
ticlin gotlrtlmiis tipik etilen-bis -izopropil ksantogenatdan (JI3-23k) xeyli istiindiir. Togdim olunmus isda
asas triboloji xassalorin dyronilmasi zamani, 4-kiirali slirtiinma magininda sarlarin yeyilms izinin diametrinin
neca doyisildiyi aydin goriiniir (sokil 3). Miioyyon edilmisdir ki, bis(2,2-dimetil-4-metilen-1,3-dioksolan)
disulfidin torkibindoki 1,3-diokosolandan birinin allil vo ya benzil radikallar ilo avez edilmosi onlarin
siyrilmo xassolarini yaxsilagdirir, bunu onunla izah etmok olar ki, metal sothlordo daha yaxsi adsorbsiya
olunur.

Acar sozlar: disulfid, 1,3-dioksolan, siyrilma xassoalori, transmissiya yaglari, agqar

HECUMMETPHUYHBIE JUCYJIb®U/bl B KAYECTBE IPUCAOK K
TPAHCMUNCCHUOHHBIM MACJIAM
H.H. HoBoTopxkuna, A.P. Cymkaes, I'.A. I'axpamanosa, M.P. Cajdaposa, U.I1. Ucmanios,
M.A. Mycaesa, E.C. Mycradaepa

Hucemumym xumuu npucadok um. axao. A. Kynueea Hayuonanvuoti AH Azepbaiioscana
Az 1029, Borwoxwopckoe wiocce, 2062-ii keapman: e-mail: yegane.434@mail.ru

AHHoTammsa: B pabore mpeacTaBieHbl pe3ynbTaThl HMCCIEIOBAaHWHA MPOTHBO3aTUPHBIX CBOWCTB (2,2-
TUMETUI-4-MeTrieH-1,3-1noKcoMan-aiin U OCH3WI)AUCYIb(GUI0B, CHHTE3MPOBAHHBIX Ha OCHOBE 2,2-
IUMeTHI-4-xopmetni-1,3-auokconana, aucynbduaa HaTpus M aUIMI- U OCH3WIXJIOPHIOB, B COCTaBe
TPaHCMHUCCHOHHBIX Macesl. CHHTEe3MpOBaHHBIE COCAMHEHHS TIPENCTABISIOT COOOH HOBBIE paHee
HEOIUCAHHBIE B JIUTEpPAaType COCAMHEHHS, CTPYKTypa KOTOPBIX JOKa3aHa HCCIEeJOBaHUEM HX (U3UKO-
XMMHMUYECKUX CBOMCTB, 31ieMeHTHOro coctaBa U MK-crnekTpockomnueil. Y CcTaHOBIEHO, YTO CUHTE3UPOBAaHHBIE
COCAMHEHHS IO MPOTHBO33AUPHON 3((PEKTUBHOCTH 3HAUYMTEIBHO MPEBOCXOAAT TPAHCMUCCHOHHOE MaCIIlo
MC-20, a takxe 0uc(2,2-aumMeTrin-4-mMeTii-1,3-mmokconan ) ucynsGull, paHee CHHTE3UPOBAHHBIH aBTOPaMHU
HACTOSIIECH CTaThM M THIWYHYIO IPOTUBO3aJUPHYIO NPHCAIKY STHIICH-OuC-n3onponuikcanToresar (JI3-
23xk). ITokazaHo, 4TO 3aMeHa OAHOTO M3 2-X MUOKCOJAHOBBIX (parMeHTOB B OHc(2,2-AnMETHI-4-METHIICH-
1,3-nmuokconan)qucynbhuae Ha aUTWIBHBIA VI OCH3WJIBHBIA pPajMKaibl TMPUBOJUT K YIYUIICHHIO
MIPOTHUBO3AAMPHBIX CBOWCTB, BBHJy HX JIydIled aacopOIMM Ha METAJUTMYECKOW MOBEPXHOCTH TPYUIUXCS
IeTaneun.

KiroueBbie cioBa: aucyinbdun, 1,3-mMokconiad, NpOTUBO3aJUPHBIE CBOMCTBA, TPAaHCMHCCHOHHBIE MAacla,
IIpUCajKa.
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