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The resource and energy saving, environmentally friendly method of obtaining of extreme pressure
additives for lubricants, that is differed from the known by improved technical and economic pa-
rameters of fatty esters sulfurization with elemental sulfur was developed. The structure and struc-
tural peculiarities of the obtained products were determined by IR-spectrometry and differential

scanning calorimetry.

In the field of lubricants the sulfur-containing hydrocar-
bons, especially olefins, vegetable oils and their esters play
a key role. These compounds contain sulfur in 0, -1 oxida-
tion state bound either to carbon or sulfur atoms forming
tribo-active mono-, di- and polysulfide groups that provide
high antifriction and antiwear characteristics of lubricants of
various purpose at low concentrations. Except excellent
lubricating properties they are ecologically friendly for the
environment and in contrast to commonly used additives
such as chlorinated paraffin and derivatives of heavy met-
als, subjected to biodegradation without formation of toxic
substances [1].

The production of sulfur-containing additives for lubri-
cants began in the first half of the last century and con-
stantly increases for nowadays with the development of
modern technology, operating at high speeds and loads. In
scientific and technical literature there are a growing num-
ber of publications devoted to the synthesis of new sulfur
carriers. They differ in methods of synthesis, chemical
structure and composition, nature and origin of the initial
reagents [1-14]. The different types of alkenes [2—4], espe-
cially o—olefins with different length of hydrocarbon chain
(CeC50) [3] and terpenes [4], alkylphenols [5], synthetic
alcohols [6] and acids [7] and their esters [8], acrylates and
salicylates [9], oils and animal fats [7, 10, 11] and their es-
ters [12—14], also various compositions based on these re-
agents [3, 14] are the main raw material in the production of
sulfur carriers.

Being aware of fossil organic material fund exhaustion,
high cost and environmental disadvantages of mineral-
based products, using renewable plant material, especially
oils and their esters is a more rational in our opinion. The
choice of oils or esters is outstanding. Oils have better lu-
bricating properties [1], but lower thermal-oxidative stabil-
ity, because of relatively easy oxidation of B-ester carbon
atom in the molecule of triglycerides. Sulfurization of oils
occurs at high temperature namely 180-200 °C for 1,5-2,5
hours and additional input of reaction activators. In such
circumstances as a result of cross-linking of triglycerides
molecules and the formation of solid factice- structures it is

possible to bind chemically not more than 25 wt. % of sul-
fur, that makes impossible to use them [10].

Oils esters obtain the transesterification with low mo-
lecular alcohols (alcoholysis). Upon methanolysis, a mix-
ture of higher fatty acid methyl esters (FAME) as “bio-
diesel” well-known commercial product. The prospects for
increasing of production volume of this fuel in Ukraine are
attractive and desirable for economic and political realities,
and also due to the actual environment situation, since the
lubricating ability of biodiesel is contributed to a longer life
of the nozzles and increased the overhaul life of the engine
for almost 50 %, while reduced toxic oxides of carbon and
nitrogen.

However, in opposition to the positives of methyl esters
as a fuel their exploitation in lubricants is problematic in
terms of environmental concerns due to the using of toxic
methanol and creation of high hazard in the production and
application of FAME.

According to the known methods of sulfurization, not
more than 28 wt. % sulfur in the presence of 0,5-1,0 wt. %
activators, such as 2-thiobenzothiazole, polyethylenepoly-
amine and their mixtures, or in the case of crude esters —
0,1-1,0 wt. % activators-corrosion inhibitors: azimido-
benzene, high-alkali calcium alkylsalicylate, etc. may be
introduced in the molecules of methyl esters of oil acids
[12]. In the patent [13] a mixture of methyl esters and ele-
mental sulfur is heated in three stages: up to 160-165 °C,
then slowly up to 175-180 °C for 3045 min and 3045
min of holding in addition. In both methods the sulfuriza-
tion process is completed at 170-180 °C and accompanied
by releasing of hydrogen sulfide into environment.

Regardless on the fact, that sulfur carriers are used in
lubricants for about 100 years, the discussion about the
structure and properties of the products depending on the
conditions of synthesis is carried out till now. The differ-
ences in the structure of the products obtained from various
raw materials by counter methods are reported, the mecha-
nisms of reactions, involving parallel formation of by-
products are proposed [1, 14-16]. The dark color of sulfuri-
zation products, also, is remained unsolved.
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Scheme 1.

The development of the method of producing of sul-
furized additives for lubricants, based on renewable
ecofriendly natural raw materials and the study of their
structure and properties depending on the process condi-
tions, ratio of initial reagents, sulfur content are the aims of
our work.

Experimental

We solved the problem by sulfurization of higher fatty
acid ethyl esters (FAEE) of rapeseed and sunflower oils
with elemental sulfur as follows [17] (Scheme 1).

For this purpose FAEE mixed with elemental sulfur in
calculated quantities. The resulting reaction mixture was
heated to 130-150 °C for 10-20 min, then the temperature
was raised to 160—165 °C and maintained under these con-
ditions about 20-30 minutes depending on the composition
of the starting materials. As a result, we received sulfurized
FAEE (Eterol-S,) with a content of chemically bound sul-
fur (n = 1-46 wt.%). The course of reaction was monitored
by the change of free sulfur concentration in the system.
Sulfur, unlike sulfur carriers, is poorly soluble in hydrocar-

bons, so the samples were taken and dissolved in heptane
during reaction. The moment when sulfur is not crystallized
from solution upon cooling is taken as the time of the end
of reaction. The mixture is kept under established optimal
conditions for 5-10 minutes before total closure of the
process.

The ratio of the reagents, conditions and results of syn-
thetic studies are summarized in Table.

The determination of structure and composition of sul-
furized products are studied by IR—spectrometry and differ-
ential scanning calorimetry (DSC) and other properties are
determined by conventional standard methods.

Results and discussion

Analysis of the obtained synthesis results, summarized
in Table, shows that the use of FAEE the conditions of sul-
furization compared to the same process for rapeseed oil
[10] or FAME [12-13] based on it are greatly alleviated.
Thus, the process temperature is decreased from 180-200
°C for oil (sample 1) and 175-180 °C for esters (sample 2)
to 160-165 °C (samples 3—8) with reducing the duration of

Conditions and results of the synthesis of sulfur-containing esters of higher fatty acids

Ne Initial reagents and conditions of sulfurization Results of synthesis
Reagent S Quantity, | Tempera- | Duration, Yield, |S Content,|Viscosity,| lodine
Name Quantity, wt.% ture, °C min wt.% wt.% mm?/s value,
wt.% (40°C) | g,/ 100 g
Rapeseed 160-175 2040
Lol °2.0 8.0 180200 | e0-110 | *° T4 ] 3052 3
160-165 10-20
2 | FAME 87,0 13,0 3045 95 12,4 43,13 -
175-180 30-45
130-150 10-20
3 | FAEE 95,0 5,0 160165 20-30 100 5,0 8,46 53,36
130-150 10-20
4 | FAEE 90,0 10,0 160165 20-30 99 9,9 14,56 48,83
130-150 10-20
5 | FAEE 85,0 15,0 160165 20-30 98 14,7 39,34 47,61
130-150 10-20
6 | FAEE 80,0 20,0 160165 20-30 98 19,8 55,9 47,06
130-150 10-20
7 | FAEE 70,0 30,0 160165 20-30 97 29,1 93,87 46,44
130-150 10-20
8 | FAEE 60,0 40,0 160165 20-30 96 38,4 158,49 45,55
130-150 10-20
9 | FAEE 50,0 50,0 160165 20-30 91 45,7 281,83 44,79
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Figure 1. IR-spectra of sulfurized fatty acid ethyl esters with sulfur content, wt.%: 1—5;2—19,8;3 —38,4

the reaction for 50100 min and 4060 min, respectively.

IR—spectra analysis of initial rapeseed oil and ethyl es-
ters clearly indicates the presence of stretching vibration of
C=0 group at 1740 cm™' and C-O at 1190—1160 cm ' that
distinctive for esters structure —C(O)OR, and the broad low
intensity band in the range of 3650-3200 cm ' correspond-
ing to hydrogen bonds [18, 19]. There are also stretching
vibrations of -CH, groups at 2985-2850 cm ', pendular
vibrations of methylene groups «(CH,),— (m > 4) at 720
cm ' and deformation vibrations of <C—H groups, includ-
ing: asymmetric —CH; (1430-1410 cm '), symmetric -CH;
(1380-1370 cm') and internal deformation vibrations —
CH, (1485-1445 cm'"), typical for groups in long hydro-
carbon chains. Also weak intensity bands at 3020 cm ' and
in the region of 1005-675 cm ' corresponding to different
types of =CH bonds [19, 20] was found.

In the spectra of sulfurized esters (Figure 1) the intensity
of latter bands corresponding to double bonds is dimin-
ished. Instead, the bands in the range of 710-570 cm ' and
550-450 cm ', typical for stretching vibrations of C—S and
S-S bonds appear. This confirms the addition of sulfur
mainly at double bonds, according to the proposed scheme.
The intensity of these bands is amplified when the number
of bound sulfur increases. Due to the introduction of elec-
tronegative sulfur atoms to fatty acid esters molecules the
intensity of the deformation vibrations of the C—H bonds in
the hydrocarbon chains is grown with small offset of fre-
quencies to negative values. Absorption band at 720 cm'
corresponding to pendular vibrations of methylene groups
diminishes with sulfur content increasing, This indicates
both an increasing in the number and length of sulfide

groups and the cross—linking of the hydrocarbon chains.
The latter is well correlated with the changes in viscosity
(Table).

In the spectra of Eterol-Ss and Eterol-S,, samples the
bands at 967 cm ', corresponded to disubstituted ones are
observed and starting with Eterol-S, the bands at 840-800
cm ' corresponded to trisubstituted alkenes derivatives are
occurred [19]. Such transformations in the structure are
correlated to the change of Eterols—S, viscosity with in-
creasing of sulfur content in the entire temperature range

(Figure 2).
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Figure 2. Semilogarithmic dependence of viscosity (Igv) on
the concentration of bound sulfur (S,) at the temperature of, °C:
1-40,2-60,3—80,4—100
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Scheme 4.

On the other hand, it indicates that except sulfur addi-
tion to double bonds, a side reaction as the substitution of
hydrogen by the o—methylene groups at these bonds occurs.
This course may occur with preservation or migration of
the double bonds follow by the temperature rising, accord-
ing to the scheme 2 [15].

The results of iodine values analysis (Table) confirm
this course of reaction.

Isomerization of the double bonds with formation of
conjugate systems is accompanied by the darkening of the
reaction products. The color is changed to purple or even
black with temperature rising, that indicates both the in-
creasing concentration of conjugated compounds and for-
mation of the chromophore sulfur derivatives such as thi-
oketones and thiophenes [1], according to the scheme 3.

The study of IR—spectra of Eterol-S, samples found that
the intensity of the bands 1n the region 710570 cm ' (C-S
bonds) and 550450 cm ™' (S-S bonds) increases with in-
creasing the reaction duration due to the growing of sulfide
chains and cross—linking of molecules. This statement is
correlated with symbatic increasing of products viscosity
and reaction time.

On the contrary, high temperature of sulfurization re-
sults in breaking of sulfide chains that is reflected in the [R—
spectra (Figure 3) by decreasing intensity of stretching vi-
brations S-S. Thus, the intensity of the band at 800 cm ',
corresponding to trisubstituted alkenes derivatives, is in-

creased and the band at 967 cm ', indicating the presence of
two substituents at the double bonds, is reduced [19]. This
is achieved by regrouping of polysulfide chains in more
shorter and their subsequent distribution along the length of
the hydrocarbon chain, due to the scheme 4.

In addition, we recorded that starting from 165 °C the
evolution of hydrogen sulfide begins, which is enhanced
with a further temperature growth. This course of the proc-
ess is accompanied by reducing of yields and products vis-
cosity, therefore, the optimal process temperature was taken
160165 °C.
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Figure 3. IR-spectrum of Eterol-S;5 samples occurred at vari-
ous temperatures, °C: 1 —160-165; 2—170-175; 3 -205-215
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Begin with Eterol-Sy the structure cor-
responds to oligomeric state already, as indi-
cated by the absence of melting endoterm
and disappearance of solid phase transfor-
mations between crystalline modifications.
Glass transition temperature is increased
with rising of sulfur content, confirming the
growth of cross—linking degree of esters
molecules [23].

Eterols-S, are well dissolved and mixed
with all known mineral oils and lubricating
compositions for different purposes and
functional additives to them. This is allowed
to prepare the lubricants of various types and
purposes as motor, gear, industrial oils, met-

-100

-20

T,°C
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Figure 4. DSC-curves for FAEE (1) and Eterol-Ss — 2, Eterol-S,, — 3, Eterol-Sy,— 4

The study of phase transitions of sulfurized esters was
performed by DSC, in the temperature range from minus
90 to 136 °C at the heating rate of 2 K/min and the same
thermal history. The resulting temperature dependence of
the specific heat on temperature for a series of samples Et-
erol-S, is shown in Figure 4.

As you can see, three monotropic solid-phase transi-
tions at temperatures (—89), (-81) and (-74) °© C are ob-
served on the DSC—curve for FAEE (curve 1) that is in
good agreement with literature data [21]: saturated fatty
acids with pair number of carbon atoms can form three po-
lymorphic modifications as two metastable and one stable,
and unsaturated ones, including oleic acid, are characterized
by monotropic structural transitions. Such transitions in
molecules of esters explain the formation of conformation-
ally—disordered crystal structure [22]. Endothermic peak at
a temperature of minus 34 °C corresponds to the melting of
quasistable ethyl esters crystals.

For Eterol-Ss sample (curve 2) the solid—phase transi-
tions between crystalline modifications in the range of tem-
peratures (—105 ..— 65) °C are occured, but their exact iden-
tification is impossible due to the complex composition of
the product. Instead of one clear endothermic melting peak
a doublet with maximum at (—44) ° C and (—23) °C occurs.
The emergence of the peak plurality is caused by the reor-
ganization or recrystallization as well as the presence of the
crystals of different structure in the mixture [22].

With increasing of sulfur concentration in the product
up to 10% (curve 3) the solid—phase transitions of crystal-
line modifications are not detected practically, that indicates
a significant decreasing of unbound long hydrocarbon
chains. However, free molecules capable to conformational
ordering are remained, due to the presence of illegible en-
dothermic melting peak at (-25) °C. According to this fact
the amorphous and crystalline areas in system still exist in
the system.

60

alworking fluids, greases and others. The
compositions with the most common indus-
trial -20A and naphthenic 5360 oils with
sulfurized esters give the lubricants with
significantly improved tribological charac-

100

teristics.

Conclusions

1. The environmentally friendly method of obtaining of
sulfur—containing additives for lubricants by sulfurizaton of
fatty acid ethyl esters with elemental sulfur was developed.

2. The technical and economic parameters of sulfuriza-
tion, were improved particularly, the process duration was
reduced for 70—110 min compared to methyl esters and for
80—-150 min to rapeseed oil with decreasing the temperature
for 15-20 and 2040 °C, respectively.

3. The structure and structural changes of the obtained
products by IR—spectrometry and DSC, depending on the
ratio of initial reagents, temperature and duration of the
sulfurization process, sulfur content were determined

4. It was established, that Eterols—S,, form the composite
materials for various purposes with improved tribological
properties in the content of base oils.
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CHHTE3 U CTPYKTYPA CepyCOAePRAIIMX
MPOTUBO33TUPHbIX I00aBOK
K CMa3bIBAIOLIUM MATEPUAJIaM
IO.C. booauesckui, I.C. Ilon

HUnemumym 6uoopeanuueckoii xumuu u vegpmexumuu HAH Ykpaumwr,
Yrpauna, 253094 Kues, yn. Mypmanckas, 1, @axc: (044) 573-25-52

Pazpaboran sHEprocOeperaronii, 3KOIOrHIeCKA OC30MACHBIN CIIOCO0 TONYYCHHS MPOTHBO3a-
JIWPHBIX JI00aBOK K CMa3bIBAIOIIMM MaTepraiaM, KOTOPBIH OTIMYACTCS CPEI M3BECTHBIX YIIyd-
IIEHHBIMH TEXHUKO-IKOHOMUYECKHMHI HapaMeTpamMyl CyIb()HANPOBAHNS HEHACHIIICHHBIX JKHp-
HbIX 3(upoB Macen anemeHTHOH cepoit. Meronamu MK-criekrpomerpru 1 iudybepeHIatb-HON
CKaHMPYIOLIEH KaJIOPUMETPUH YCTAHOBJICHO CTPOCHME M CTPYKTYPHBIE OCOOCHHOCTH ITOMY4EH-

HBIX ITIPOTYKTOB.

Cunre3 i OynoBa CyJb(PypBMICHUX IPOTU3AUPHUX T01AT-
KiB /10 MACTUJIBHUX MaTepiaiiB
I1O.C. Booauiscokuii, I'.C. Ilon

Inecmumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 253094 Kuis, eyn. Mypmanceka, 1, @axc: (044) 573-25-52

Po3pobrnieHO pecypcoeHepro3aoiaIuBIi, eKOOC3IICYHHI CIOCiO ONepKaHH TPOTHU3ATUPHIX
JIOTIATKIB JI0 MACTHIIBHHUX MaTepiaiB, SIKUIA BUPI3HSETHCS 3 TTOMDK BIJOMUX MOKpAIICHMH TEXHi-
KO-€KHOMIYHHMH TapamMeTpaMH CyITb(]iTyBaHHS HEHACHUIEHHX YKUPHHUX €CTEPIB OMIii eJIEeMEHTHIM
cyiedypom. Meronamu [H-criekrpomeTpii Ta audepeHIiiabHOl CKaHyI0qO0l KalopiIMeTpii BeTa-
HOBJIEHO OY/IOBY 1 CTPYKTYpHi OCOOJIBOCTI OZIep>KaHNX TPOIYKTIB.



