https://doi.org/10.32010/mpmc2024.027

STUDY OF MIXTURES OF AMIDES OF SOAPSTOCK WITH
POLYETHYLENE POLYAMINE AND SUNFLOWER OIL ACIDS WITH
HEXAMETHYLENEDIAMINE IN DIFFERENT PROPORTIONS AS
ADDITIVES TO BITUMEN USING GRAVEL

T.A.Ismayilov, G.M.Guliyeva, R.A.Alizade, R.M.Farhadova, G.T.Valiyeva, T.S.Aliyev,
S.G.Rzayeva

Institute of Petrochemical Processes named after academician Y.H. Mammadaliyev, Baku, Azerbaijan
rufana.alizada93@gmail.com

ABSTRACT

Amides were synthesized by mixing soapstock, which is a waste of cottonseed oil, and
polyethylene polyamine in different mass ratios. The reaction was carried out by stirring for 4
hours at a temperature of 140-145°C in a beaker equipped with a mixer, heater and thermometer.
After obtaining the amide, the reaction product was cooled to 80°C, the necessary amount of
heavy phlegm was added to it and mixed well, then it was collected in closed containers for use.
At the same time, sunflower oil acid was obtained by hydrolysis, amide was synthesized with
hexamethylenediamine in a mol ratio of 2:1, and the reaction was carried out in a three-necked
flask equipped with a mixer, heater and thermometer. For this purpose, sunflower oil acid was
first filled into a three-necked flask, a mixer and a heater were turned on, the required amount of
hexamethylenediamine was added and the temperature was raised to 140°C, and the reaction was
continued at this temperature for 4 hours. Compositions in three mass ratios (1:1, 1:2, 2:1) were
prepared by mixing amides synthesized on the basis of soapstock polyethylene polyamine and
acid of sunflower oil hexamethylenediamine. These compositions were added as an additive to
bitumen using gravel in quantities of 0.4 and 0.6% and its effect on quality indicators was studied.
It has been established that the quality indicators of bitumen improve significantly after the
introduction of the additive. So, after adding these compounds to bitumen using gravel, its
adhesive ability increases to 1 point, whereas it is 3 points. Brittleness decreases from -18 to -26,
while penetration increases from 48 to 55 and tensile strength from 75 cm to 100 cm.

Keywords: soapstock, hexamethylenediamine, polyethylenepolyamine, fragility temperature,
adhesion, penetration, tensile.

Introduction

Bitumens are complex mixtures that remain in the cube during the distillation of oil. It is
used in civil construction, as well as in many other areas of industry as a binder, anti-corrosion
material, as well as waterproofing and radiation protection. Bitumen is an irreplaceable material in
the construction of roads. Bitumen is used in the construction of airports, industrial and civil
buildings [1-5].

One of the main properties of bitumen is the ability of adhesion, which plays a key role in
laying asphalt concrete. The adhesiveness of bitumen characterizes the adhesion to the material.
Various supplements are recommended to improve this. Acidic amines, organic acids, their
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calcium salts, various polymers, esteromers belong to this family [6-8].

For several years, various additives have been synthesized and added to bitumen in order to
improve the quality of road bitumen at the Y.H. Mammadaliyev Institute of Petrochemical
Processes [9-13].

The main goal of the presented work is to improve the quality indicators of road bitumen
produced at the Baku Oil Refinery named after Heydar Aliyev. For this purpose, amides were
obtained from cotton oil waste soapstock and polyethylene polyamine and sunflower oil acids and
hexamethylenediamine, and compositions were prepared by mixing these amides in different
mass ratios (1:1, 1:2, and 2:1). These compositions were added to road bitumen in amounts of 0.4
and 0.6%, and the effect on its quality indicators was studied.

Experimental part

First, the amides of cottonseed oil waste soapstock with PEPA in different mass ratios were
synthesized. For this purpose, the required amount of soapstock is poured into a glass equipped
with a mixer and a heater. The heater is turned on, the temperature is raised to 60-70°C. At this
temperature, the required amount of PEPA is added to the mixing glass and the temperature is
raised to 140-145°C and mixed for 4 hours. After obtaining the amide, the reaction product is
cooled to 80°C, the necessary amount of heavy phlegm is added to it and collected in closed
containers. The amount of substances taken is given in table 1.

Tablel 1. Synthesis of amides of soapstock with PEPA at different mass ratios.

Number of experiments Reagents used in the reaction Heavy phlegm
Soapstok, (grams) PEPA (grams) (grams)
Al 100 20 10
A2 100 20 15
A3 100 20 20
A4 100 25 10
A5 100 25 15
A6 100 25 20
A7 100 30 10
A8 100 30 15
A9 100 30 20
Al0 100 15 10
All 100 15 15
Al2 100 15 20

Then hexamethylenediamine (HMDA) amide is synthesized with sunflower oil acids
obtained by hydrolysis of sunflower oil. The reaction is carried out in a 3-necked flask equipped
with a mixer, a heater and a thermometer. For this purpose, 2 moles of acid are filled into the flask
and the heater and mixer are turned on. Then the temperature is raised to 60°C and 1 mol (HMDA)
is added to the acid, the temperature is raised to 140°C, and it is mixed at this temperature for 4
hours. The course of the reaction is as follows:

40 A0 £ 10N
NH,-CH,-CH,-CH,-CH,-CH,-CH,-NH,+ 2RC_ —RC_ ¢ [NH3(CH2)gNH; /C-R—’
NoH 0
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— RC-NH(CH,)NH-C-R  +2H,0
0
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The IR spectra of the synthesized amide were recorded on the | ALFA" IR-Fourier
spectrometer belonging to the German company Bruker in the wavenumber range of 400-4000
cm (figure 1) and it was determined that the following absorption bands of the synthesized amide
are present:

Transmittance [26]
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721 cm* - mathematical vibration of the C-H bond of the CH2 group;

682 cm™ - deformation vibration of NH bond;

1049, 1105, 1193, 1216, 1230 cm™ - valence vibration of the C-N bond:

1534, 1632 cm* deformation vibration of the NH bond of the NH- group:

1375, 1396, 1418, 1474, 1466 cm™ — deformation vibration of CH bond of CH2 and CHs3 groups;
3008 cm*- Valence vibration of the C-H bond of the C= C group.

Compositions were prepared from amides obtained by mixing soapstock with PEPA in
different mass ratios and amide obtained from the interaction of sunflower oil acid with
hexamethylenediamine (table 2).

Table 2. Content of compositions prepared on the basis of soapstock with PEPA and amides of
sunflower oil acids with hexamethylenediamine.

Number of _ _ Content of cor’qpositions _ .
compositions Amide, grams (on the basis of Amide, grams (on the basis of acid of
soapstok+PEPA) sunflower oil + hexamethylenediamine)

1 2 3
Ne 1 Al-2 2
Ne2 Al-2 4
Ne 3 Al-4 2
Ne4 A2-2 2
Ne5 A2-2 4
No6 A2-4 2
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Ne7 A3-2 2
1 2 3
Ne8 A3-2 4
Ne9 A3-4 2
NelO A4-2 2
Nell A4-2 4
Nel2 A4-4 2
Ne 13 A5-2 2
Nel4 A5-2 4
Ne 15 A5-4 2
Ne 16 AB-2 2
Ne 17 A6-2 4
Ne 18 Ab-4 2
Ne 19 AT-2 2
Ne 20 AT-2 4
Ne 21 AT7-4 2
Ne 22 A8-2 2
Ne 23 AB8-2 4
Ne24 AB8-4 2
Ne 25 A9-2 2
Ne 26 A9-2 4
Ne 27 A9-4 2
Ne 28 Al10-2 2
Ne 29 Al10-2 4
Ne 30 Al10-4 2
Ne 31 All-2 2
Ne 32 All-2 4
Ne 33 All-4 2
Ne34 Al2-2 2
Ne 35 Al2-2 4
Ne 36 Al3-4 2

These prepared compositions were added to bitumen in the amount of 0.4 and 0.6% with the
presence of gravel, and the effect on the quality indicators of bitumen was studied. The obtained
results are given in table 3.

Table 3. The results of the effect of compositions added to bitumen with the presence of gravel
on the quality indicators of bitumen.

Content of added Added Thoiling, °C P25+ 0,1 Das, sm | T brittleness, | Adhesion
compositoins, grams compositoin, % MM °C
1 2 3 4 5
1 2 4 5 6 7
A road bitumen 0,4 48.5 48 75 -18 3
(Azerbaijan) 0,6 2
Sample 1 0,4 47.8 52 74 -22 2
Experiment 1-2 0,6 47.6 52 78 -24 2
(S.0.A.+HMDA)-2
Sample 2 0,4 47.4 52 76 -18 1
Experiment 1-2 0,6 47.2 52 81 -22 1
( S.0.A +amine)-4
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1 2 3 4 5 6 7
Sample 3 0,4 47.3 52 80 -19 1
Experiment 1-4 0,6 475 52 72 -22 1
( S.0.A +amine)-2
Sample 4 0,4 475 52 66 -23 2
Experiment 2-2 0,6 47.2 52 58 -21 2
(S.0.A +amine)-2
Sample 5 0,4 46.4 53 74 -18 2
Experiment 2-2 0,6 46.2 53 77 -19 2
(S.0.A + amine)-4
Sample 6 0,4 46.2 53 75 -24 1
Experiment 2-4 0,6 46 53 78 -22 1
(S.0.A +amine)-2
Sample 7 0,4 47.8 52 76 -19 1
Experiment 2-3 0,6 47.6 52 78 -20 1
( S.0.A +amine )-2
Sample 8 0,4 47.4 52 92 -19 1
Experiment 3-4 0,6 47.1 52 83 -20 1
( S.0.A +amine )-4
Sample 9 0,4 46.3 53 65 -20 1
Experiment 3-4 0,6 46 53 75 -22 1
(S.0.A +amine )-2
Sample 10 0,4 47 53 58 -18 2
Experiment 4-2 0,6 46.6 53 70 -18 1
(S.0.A +amine )-2
Sample 11 0,4 45.8 55 74 -22 1
Experiment 4-4 0,6 45.6 55 83 -20 2
(S.0.A +amine )-4
Sample 12 0,4 46.5 54 66 -21 2
Experiment 4-4 0,6 46.1 55 85 -20 2
(S.0.A +amine )-2
Sample 13 0,4 46.6 55 68 -18 1
Experiment 5-2 0,6 46.2 55 83 -18 2
(S.0.A.+amine)-2
Sample 14 0,4 46 55 84 -21 2
Experiment 5-4 0,6 45.6 55 100 -19 2
(S.0.A +amine )-4
Sample 15 0,4 46.8 55 84 -18 3
Experiment 5-4 0,6 46.5 55 68 -16 2
(S.0.A +amine )-2
Sample 16 0,4 45.6 56 100 -18 2
Experiment 6-2 0,6 45.2 56 75 -20 1
(S.0.A +amine )-2
Sample 17 0,4 45.8 56 71 -17 1
Experiment 6-2 0,6 45.6 56 92 -16 2
(S.0.A +amine )-4
Sample 18 0,4 46 56 84 -18 1
Experiment 6-4 0,6 45.6 56 77 -16 1
(G.Y.T+amin)-2
Sample 19 0,4 46.8 53 91 -18 1
Experiment 7-2 0,6 46 53 72 -20 2
(S.0.A +amine)-2
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1 2 3 4 5 6
Sample 20 0,4 44.4 58 93 -20
Experiment 7-2 0,6 442 58 100 -24
(S.0.A+amine)-4
Sample 21 0,4 46.9 53 84 -21
Experiment 7-4 0,6 46.1 53 100 -19
(S.0.A+amine)-2
Sample 22 0,4 46.8 53 90 -20
Experiment 8-2 0,6 46.3 53 100 -22
(S.0.A +amine )-2
Sample 23 04 44.5 58 78 -21
Experiment 8-2 O,6 44 58 88 -17
(S.0.A +amine)-2 ’
Sample 24 0,4 45.6 56 70 -20
Experiment 8-4 0,6 45 57 86 -18
( S.0.A +amine )-2
Sample 25 0,4 46.4 57 75 -20
Experiment 9-2 0,6 46.8 58 81 -23
( S.0.A +amine)-2
Sample 26 0,4 46.2 58 92 -21
Experiment 9-4 0,6 45 62 76 -22
( S.0.A +amine)-2
Sample 27 0,4 45.1 59 81 -13
Experiment 9-2 0,6 45.6 59 71 -21
(S.0.A +amine )-4
Sample 28 0,4 47 60 66 -15
Experiment 10-2 0,6 46.8 60 75 -21
(S.0.A +amine)-2
Sample 29 0,4 46.2 62 76 -21
Experiment 10-2 0,6 46 62 70 -22
( S.0.A +amine )-4
Sample 30 0,4 47.3 54 92 -23
Experiment 10-4 0,6 47 56 100 -18
( S.0.A +amine )-2
Sample 31 0,4 46.8 56 78 -17
Experiment 11-2 0,6 46.6 53 73 -22
( S.0.A +amine )-2
Sample 32 0,4 46.2 54 83 -22
Experiment 11-2 0,6 46 56 70 -24
(S.0.A +amine )-4
Niimuns 33 0,4 46.5 54 95 -23
Tacriiba 11-4 0,6 46.4 56 61 -19
(S.0.A +amine )-2
Niimuno 34 0,4 46.3 54 84 -25
Tacriibs 12-2 0,6 46.1 56 100 -22
(S.0.A +amine )-2
Sample 35 0,4 46.6 56 65 -16
Experiment 12-2 0,6 45.6 56 100 -19
( S.0.A +amine )-4
Sample 36 0,4 47.4 54 100 -20
Experiment 11-4 0,6 47.1 56 79 -22

( S.0.A +amine)-2
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It can be seen from the table that after adding the additive, the quality indicators of gravel-
mixed bitumen improved significantly, the adhesion to gravel increased from 3 points to 1 point,
the brittleness temperature dropped from -18 to -24, penetration increases from 48 to 58, tensile
strength increases from 75 cm to 100 cm.
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SABUNUN AMID TURSUSU ILO POLIETILEN POLIAMININ VO
GUNOBAXAN YAG TURSULARININ HEKSAMETILENDIAMINLO
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ETMOKLO BITUM SLAVOSI KiMi OYRONILMOSI
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XULASO

Amidlor pambiq yag: tullantilari olan sabun ehtiyati ilo polietilen poliaminin mixtalif kiitlo
nisbatindo garisdirilmasi ilo sintez edilmisdir. Reaksiya mikser, qizdirict vo termometrlo tochiz
edilmis stokanda 140-145°C temperaturda 4 saat qarisdirilaraq aparilmisdir.

Amid alindigdan sonra reaksiya mohsulu 80°C-ya qodor soyudulur, ona lazimi miqdarda agir
balgom olava edilir vo yaxsica qarigdirilir, sonra istifads {iglin bagl qablara yigilir. Eyni zamanda
hidroliz yolu ilo giinobaxan yaginin tursusu alinmis, amid heksametilendiaminlo 2:1 mol
nisbatinds sintez edilmis va reaksiya qarisdirici, qizdirict vo termometrls tochiz edilmis {i¢ bogazli
kolbada aparilmigdir. Bunun igiin ilk Onco giinobaxan yagi tursusu li¢ bogazli kolbaya
doldurulmus, qarisdirict vo qizdirict iso salinmis, lazimi miqdarda heksametilendiamin oslavo
edilorok temperatur 140°C-ya qaldirilmis vo reaksiya bu soraitdo 4 saat davam etdirilmisdir. Ug
kiitlo nisbatinda (1:1, 1:2, 2:1) kompozisiyalar soapstock ila polietilen poliamin asasinda sintez
edilmis amidlorls glinobaxan yaginin heksametilendiamin tursusunu garisdirmaqla hazirlanmisdir.
Bu kompozisiyalar bituma slava olaraq 0,4 vo 0,6% miqdarda ¢inqildan istifado edilorok olavo
edilmis vo keyfiyyot gostariciloring tosiri dyronilmisdir.

Miioyyan edilmisdir ki, asqarin totbiqindon sonra bitumun keyfiyyat gostoricilori xeyli yaxsilasir.
Belo ki, bu birlosmolori ¢inqildan istifado edorak bituma olavo etdikdon sonra onun yapisma
qabiliyyati 3 bal oldugu halda, 1 bala qodor artir. Kovroklik -18-don -26-ya qodor azalir,
penetrasiya iso 48-don 55-0 vo dartilmada davamliligi 75 sm-don 100 sm-o gadar artir.

Acar sozlar: soapstock, heksametilendiamin, polietilenpoliamin, kovroklik temperaturu, yapigsma,
penetrasiya, dartilma.

N3YYEHUE CMECU AMUI0OB MBLJIA C
HOJIMITUJIEHIIOJIMAMHWHOM U KUCJIOT HOACOJIHEYHHOI'O
MACJIA CTEKCAMETWIEHANAMMNHOM B PA3HbBIX
COOTHOHEHUAX KAK IOBABOK K BUTYMY C
HNCITIOJIB3OBAHUEM I'PABUA

T.A.Ucmangos, I''M.I'yimeBa, P.A.Anu3ane, P.M.®apxagosa, I'.T.Banuesa, T.C.Anues,
C.I'.P3aeBa

Nucruryt Hedrexummnueckux IIporneccoB umenn Axanemuka FO.I'. Mamenanues, baky, AzepOaiimkxan
rufana.alizada93@gmail.com

PE3IOME

AMuzipl ObUTM CHHTE3MPOBAHBI MyTEM CMEIIMBAHUS COANCTOKa (0TXO0Ja XJIONKOBOTO Macia) U
MOJIMATUIICHIIOJIMAMUHA B PAa3JIMYHBIX MAacCOBBIX COOTHOLIEHUSX. Peakuuio mpoBoauiau INpu
nepeMelMBaHiu B TedeHue 4 yacoB npu Temmeparype 140-145°C B crakaHe, CHa0XKEHHOM
MENIAJIKOM, HarpeBaTeaeM U TEPMOMETPOM.

[locne mnomy4yeHus amuja MOPOAYKT peakuuu oxnaxaanu a0 80°C, nobaBisin K HeMmy
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HEOOXOJIUMOE KOJMYECTBO TSKEION (DJIerMbl M XOpOLIO MepeMelInBalii, 3aTeM coOupanu B
3aKpbIThIE €MKOCTH Ul HCHOJb30BaHUA. llpu 3TOM THUAPONIM30M MOJIydaad IOACOTHEUHYIO
MAacCJISIHYIO0 KUCJIOTY, CHHTE3UPOBAIIM aMHJI C TeKCaMETHJIEHIUaMIUHOM B MOJIbHOM COOTHOILIEHUU
2:1 m peakuuio MPOBOAMIM B TPEXTOpioW Koybe, CHaOXEHHOH MeIIaKoi, HarpeBaTeleM M
TepMOMETpoM. J[J1s1 3TOro B Tpexropiylo Koily cHayaia 3ajJuBajld MOJCOJIHEUHYI) MAacIlsHYIO
KHACJIOTY, BKJIIOYAJM MEUIAJKy M HarpeBaTellb, /J00aBIsUIM HEOOXOAWMOE KOJIMYECTBO
reKkcaMeTWJICHIMaMUHa U MOoBbIanu temneparypy A0 140°C u npogoibkaid peakiuio Npu 3To1
TeMIeparype. Temieparypa B TedeHue 4 yacoB. KoMIo3unum B TpeX MacCOBBIX COOTHOIIEHUSX
(1:1, 1:2, 2:1) TOTOBMJIM CMEIICHUEM aMHUJOB, CHHTE3UPOBAHHBIX HAa OCHOBE COANCTOKa
[OJIMATUIICHNIOJNMAMUHA ¥ KHCJIOThl TeKCaMEeTUJIEHAMaMHMHA IOJCOJHEYHOro Macia. JlaHHble
COCTaBbI 1I00ABIISITU B KaUueCTBE JOOABKU K OUTyMy € UCIOJIb30BaHUEM I'paBus B KonudecTBax 0,4
u 0,6% ¥ u3yyanu ee BIMSIHUE Ha KaYECTBEHHbIE MIOKAa3aTelH.
YcTaHOBIIEHO, YTO KauyeCTBEHHBbIC IOKa3aTelu OWUTyMa CYLIECTBEHHO YIYYIIAlOTCS MOCIe
BBeZICHUs 100aBKH. Tak, mocie 100aBJIeHUs ITHX COCTaBOB B OUTYM C HCIIOJIb30BAaHUEM TI'PaBUS
€ro aJre3MoOHHasi CIOCOOHOCTh yBenuuuBaeTcsa 10 1 Oaia, Toraa Kak oHa cocTapisieT 3 Oana.
XpynkocTh CHUXKaercs ¢ -18 1o -26, npoHukarouas cnocoOHOCTh yBenuuuBaercs ¢ 48 1o 55, a
MPOYHOCTH Ha pa3pbiB ¢ 75 cM 10 100 cm.

KuroueBble cj10Ba: cOancToK, reKCAaMETUIICHIMaMUH, O3 TUIICHIIOIMAMUH,
TeMIepaTypa XpynKOCTH, aAre3us, IPOHUKHOBEHUE, PACTSKEHUE
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ABSTRACT

The article is devoted to a current problem - the synthesis of new compounds and their study as
anti-wear and proto-pressure additives for lubricating oils. The purpose of this work is to obtain
sulfur-phosphorus-containing compounds that could have tribological properties. Based on
literature data and experience in this field, the authors synthesized derivatives of dithiophosphoric
acids, which were further studied as extreme pressure and anti-wear additives for lubricating oils.
The synthon for the synthesis of compounds was the sodium salt of diisopropyl and allyl
dithiophosphoric acids, obtained by reacting the corresponding dithiophosphoric acids with a 40%
solution of sodium hydroxide. By reacting the sodium salt of diisopropyl, sodium allyl
dithiophosphate with toluene sulfonamide, obtained by reacting toluene sulfonamide with 5-
phosphorus chloride, toluene sulfonisopropyl and allyl dithiophosphates were obtained. The
resulting compounds have high extreme pressure properties. It has been shown that the extreme
pressure properties of the compound depend on the structure of the fragments included in the
compound. You should pay attention to the calculated indicator scuff index (Si), which indicates
the effectiveness of extreme pressure properties; the higher this indicator, the higher the extreme
pressure properties. 4-phenoxycarbonyl methyl ester of diispropyl dithiophosphoric acid was
obtained by reacting the sodium salt of diisopropyl dithiophosphoric acid with phenyl
chloroacetate; similarly, by adding 5-methyl-2-hydroxy-y-chloroacetophenone to the diisopropyl
dithiophosphate  salt, 5-methyl-2-hydroxyphenylcarbonyl methyl ester of diisopropyl
dithiophosphoric acid was obtained. These compounds also have high extreme pressure
properties; in addition, they are superior to toluene sulfonic acid derivatives of dithiphosphoric
acids in anti-wear properties, which is fully explained by the large amount of sulfur in the
composition of the latter. The structure of all synthesized compounds was proven by IR spectral
analysis, the study of physicochemical properties and elemental analysis. Extreme pressure and
anti-wear properties were studied on a four-ball friction machine (FFM-1). The evaluation of
extreme pressure properties was carried out according to the load wear index (LWI), according to
the critical load (CL) and according to the welding load (WL), anti-wear properties by the
diameter of the wear scar (Wd).

Keywords: sulfur-phosphorus-containing compounds, tribological properties, allyl
dithiophosphate, anti-wear

Introduction
In connection with progress in the development of sectors of the national economy,
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including mechanical engineering, every year there is a need for high-quality lubricants. The
author believes that to obtain high-quality lubricants it is enough to use good raw materials, as
well as high technologies [1]. However, this is not enough; Many modern base oils contain
additives that improve their quality. At the same time, a significant part of such oils is not able to
fully satisfy all the requirements for oils for various purposes. In this regard, individual
compounds (additives) are added to their composition.

Some of the most popular oils are transmission oils used for lubrication of parts, car
engines, gearboxes, brakes, etc. The main requirement for these oils is high anti-wear and extreme
pressure properties.

Anti-wear additives protect the metal surface from wear at low loads, and extreme pressure
additives prevent the appearance of scuffing on the metal surface at high temperatures and loads.
Despite the use of a significant amount of additives in lubricating oils, the mechanism of action,
in particular anti-wear and extreme pressure additives, has not been sufficiently studied. However,
many experts involved in this issue believe that the lubricating effects of surface-active additives
are based on the formation of strong adsorption layers of obstructing, rubbing surfaces, which can
explain the anti-wear properties of additives.

Extreme pressure additives are chemically active substances that, under severe conditions
(temperature, pressure), disintegrate atoms and small fragments during a chemical reaction with
the metal to form chemically modified layers that prevent contact of rubbing metal surfaces [2].

Compounds with high reactivity are used as extreme pressure additives, which during
decomposition in most cases contain mainly four elements or functional groups [3].

Some of the highly effective oil additives are derivatives of dithiophosphoric acids, which
can be confirmed both by the work carried out by the Institute of Chemistry of Additives of
Azerbaijan and by foreign specialists working in the field of oil additives [3-7].

The authors of this work synthesized a number of dithiophosphates of various structures
according to the following schemes:
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where, R = i-C3H;0; CH,=CH-CH,—

p-Toluenesulfodiallyl dithiophosphate (I); p-toluenesulfodizopropyl dithiophosphate (I1); 4-
methylphenoxycarbonylmethyldiisopropyldithiophosphate (; 2-hydroxy-5-
methylcarbonylmethyldiisopropyl dithiophosphate (V).
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Experimental part

This section of the article presents the synthesis of the starting compounds, as well as
additives obtained on their basis.

p-Toluenesulfodizopropyldithiophosphate:

CH3 CHjy
S
V4
+ NaSP —>
OC3H4-i S
(OC3H7-i)2 Y.
SO,CI SO,— SP

(OC3H7-i)2

Example. To a stirred reaction flask, 21.43g (0.1 mol) of diisopropyl dithiophosphate is
added to 10g of a 40% aqueous NaOH solution and stirred for 3 hours at 50°C. Then 19.1g (0.1
mol) of toluenesulfonyl chloride was added to the reaction flask. The reaction was continued for 5
hours at 70°C. The resulting product was extracted with benzene, washed with water, and benzene
was distilled off. A crystalline product was obtained. Yield 27.6g (75%). Tmt. 70-72 °C.

Elemental composition:

C13H2104S3P: Found, %: C—-46.51; H—-6.18; S—28.35; P -9.16

Calculated, %: C — 46.43; H — 6.25; S — 28.57; P —9.23
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Fig.1. IR spectrum p-toluene sulfodiisopropy! dithiophosphate

In the IR spectrum of the compound, the absorption band of stretching vibrations (the most
characteristic) of the fragment —~P—O—CsH7— is observed in the region of 1079.77, 973.93 cm™, the
P=S bond corresponds to absorption bands in the region of 806.54-638.85 cm™, stretching
vibrations of the fragment —C=C corresponds to bands at 1593.89-1538.34 cm, stretching
vibrations of the SO group correspond to bands at 1373.03-1173.87 cm™.

Similarly received p-roluenesulfodiallyldithiophosphate:
CH,

soz—Sﬁ(OCHz -CH=CH),
S
Physico-chemical constants:
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N30= 1.5540, 920= 1.2560; Mrp found = 94.2, Mrp calculated = 93.3

Elemental composition:

C13H1704S3P: Found, %: C — 42.72; H - 4.58; S — 26.21; P — 8.48
Calculated. %: C —42.86; H— 4.70; S —26.37; P —8.52

4-Methylphenoxycarbonylmethyldiisopropyldithiophosphate:

CHs

Oﬁ_CHZS_ﬁ(OCBH7i)2
o S
Example. 10g of 40% sodium hydroxide are added to a mixture of 21.43g (0.1 mol) of
diispropyldithiphosic acid, and the mixture is stirred for 3 hours at 50°C. 16.6g (0.1 mol) of
phenyl chloroacetate was then added. The reaction mass was stirred for 5 hours at 70°C. The
resulting product was washed with a 5% sodium carbonate solution. After washing with water, the
product was subjected to vacuum nitrogen distillation. Yield 33.5g (96%).
Physico-chemical constants:

n3o= 158310, %20= 1.1776; Mrp found = 91.54, Mo calculated. = 91.82

Elemental composition:

C14H2104S2P: Found, %: C — 48.43; H-5.93; S — 18.29; P — 8.66

Calculated, %: C — 48.26; H — 6.08; S — 18.41; P —8.89

In the IR spectrum of 4-methylphenoxycarbonylmethyldiisopropyl dithiophosphate,
absorption bands of the P—S— group are observed at 768 cm™ and at 535 cm™, characterizing the
P=S group, respectively. A strong intensity band corresponding to the carbonyl group is observed
at 1753 cm™,

2-Hydroxy-5-methylcarbonylmethyldiisopropyl dithiophosphate:
OH

ﬁ—CHZ—ﬁP(OcsHﬂ)z
S

CH,3

Example. 23.6g (0.1 mol) of sodium diispropyldithiphosphate was added to a mixture of
18.469 (0.1 mol) of 5-methyl-2-hydroxy-y-chloroacetephenone in 20 ml of benzene. Stirring of
the reaction mixture continues for 5 hours at 70°C. The organic layer was extracted with hexane
and washed with water until neutral. The product was isolated by liquid column chromatography.
Yield 29g (8%), the product is a crystalline substance. Tt 16-17°C.

Elemental composition:

C15H2304S2P: Found, %: C —49.59; H-6.52; S—-17.58; P —8.48

Calculated, %: C —49.71; H-6.40; S — 17.69; P — 8.55

In the IR spectrum of 2-hydroxy-5-methylcarbonylmethyldiisopropyl dithiophosphate there
is an absorption band at 770 cm™, corresponding to the P=S group. Bands with a frequency of
1470 cm™* and 3030 cm™, characteristic of aromatic compounds, are also observed, corresponding
to the C=0 and C—H groups.
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Results and its discussion

As follows from the test results presented in the table, all synthesized compounds have high
extreme pressure and anti-wear properties.

The high extreme pressure efficiency of 4-methylphenoxycarbonylmethyldiisopro-
pyldithiophosphate and  2-hydroxy-5-methylcarbonylmethyldiisopropyldithiophosphate s
explained by the presence in the molecules of the carbonyl group C(O), in which the double bond
is highly polarized due to a shift in electron density to a more electronegative oxygen atom, which
increases its reactivity, due to which increases the anti-seize properties of the connection. This is
confirmed by analysis of the results of the tribological properties of the compounds presented in
the table.

Thus, the author believes that when dialkyldithiophosphates and triaryl phosphorothionates
interact with the metal surface, no phosphites are formed. Additives form a monomolecular layer
and initiate polymolecular physical adsorption of hydrocarbon components of the oil on the metal
surface [8]. The P=S bond of dithiophosphate additives under moderate loads is considered to be
quite strong, which explains the effectiveness of the anti-wear properties of the compounds.
According to the authors, the anti-wear properties of compounds increase with increasing their
thermal stability. In the area of high loads, on the contrary, less thermally stable compounds are
the most effective [9]. Thus, it can be stated that dithiophosphates have effective anti-wear
properties at moderate loads, and extreme pressure properties at high loads and temperatures.

You should pay attention to the load wear index (LW,) of p-toluenesulfodialyl
dithiophosphate; this indicator, which determines the extreme pressure efficiency of the joint in
the range from the critical load (C)) to the welding load (W), is the highest, which means the high
efficiency of the joint. This is explained by the presence in the molecule of an allyl group, in
which the C-H bond is quite labile, and is easily broken, followed by the disintegration of the
molecule into atoms and small fragments, which in turn form protective layers, consisting mainly
of metal sulfides and oxides.

Table. Tribological characteristics of synthesized compounds

. Tribological characteristics GOST 9490-75
Concentration

Compounds of samples in | Load wear | Critical | Welding | Wear spot
oil, % index, load, load, diameter,
LW, N CL,N WL, N Wd, mm
MS-20 oil - 330 794 1568 0,85
MS-20+p-Toluenesulfodiallyl-
dithiophosphate
CHg
1,5 640 1382 3097 0,45
SOZ—Slﬁ(OCHz - CH =CH),
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dithiophosphate (OCsHz-i),

MS-20 +  p-Toluenesulfodizopropyl-

CHs

1,5 560 1235 3097 0,50

//S

S0,— SP

MS-20+4-methylphenoxycarbonyl-
methyldiisopropyldithiophosphate

CHjy

5 598 1382 3685 0,41

OC—CHQS—II:i(OCsHﬂ)Z

MS-20+2-Hydroxy-5-methylcarbonyl-
methyldiisopropyl dithiophosphate
OH

G-CHe—5PIOCs 5 529 1382 2930 0,39
S

CH,

2-Hydroxy-5-methyl-diisopropy!l
dithiophosphate
OH

CH, ﬁP(OC3H7i)2 5 490 1235 2450 0,35
S

CH3

Conclusions

— New derivatives of diisopropyl and allyl dithiophosphoric acids have been synthesized.
— Their high anti-wear and extreme pressure efficiency has been shown.
— The dependence of the extreme pressure properties of the compound on the polarity of the

substituents was revealed.
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XULASO

Maogqalo aktual problemo - yeni birlosmoalarin sintezina vo onlarin siirtkii yaglar li¢lin aginmaya
qarsit vo proto-tozyiq olavolori kimi Oyronilmosino hosr edilmisdir. Bu isin mogsadi triboloji
xassoloro malik ola bilon kiikiird-fosfor torkibli birlosmolori oldo etmokdir. ©dobiyyat
molumatlarina vo bu sahodoki tocriiboyo osaslanaraq, miolliflor ditiofosfor tursularinin
toromolorini sintez etmislor, onlar daha sonra siirtkii yaglar1 iiclin haddindon artiq tozyiq veo
asinmaya qarst olavolor kimi todqiq edilmisdir. Birlosmolorin sintezi {iig¢iin sinton, miivafiq
ditiofosfor tursularinin 40% natrium hidroksid mohlulu ilo reaksiya vermosi naticosindo oldo
edilon diizopropil va allil ditiofosfor tursularinin natrium duzu idi. Diizopropilin natrium duzunu
toluol sulfonamidlo reaksiyaya salmagla toluol sulfonamidin 5-fosfor xlorid, toluol
sulfonizopropil vo allil ditiofosfatlarla reaksiya vermosi noticosindo oldo edilon natrium allil
ditiofosfat oldo edilmisdir. Yaranan birlogsmalor yiiksok haddinden artiq tozyiq xiisusiyystlorino
malikdir. Gostorilmisdir ki, birlosmonin haddindon artiq tozyiq xiisusiyyatlori birlosmayos daxil
olan fragmentlorin qurulusundan asilidir. Haddindon artiq tozyiq xtisusiyyatlorinin effektivliyini
gostoron hesablanmig gostorici scuff indeksino (Si) diqget yetirmolisiniz; bu gostorici no qodor
yuksokdirso, haddindon artiq tozyiq xiisusiyyatlori bir o qodor yiiksokdir. diizpropil ditiofosfor
tursusunun 4-fenoksikarbonilmetil efiri diizopropil ditiofosfor tursusunun natrium duzunu
fenilxloroasetatla reaksiyaya vermoklo alinmisdir; analoji olaraq, diizopropil ditiofosfat duzuna 5-
metil-2-hidroksi-y-xloroasetofenonu olave etmokls diizopropil ditiofosfor tursusunun 5-metil-2-
hidroksifenilkarbonil metil efiri aldo edilmisdir. Bu birlogsmalor do yiiksok haddindon artiq tozyiq
xiisusiyyotlorine malikdir; bundan olave, onlar asinmaya qarsi xassolors goro ditifosfor
tursularinin toluol sulfon tursusu toromolorindon {stiindiirlor ki, bu da sonuncunun torkibindo
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¢oxlu miqdarda kiikiirdiin olmasi ilo tam izah olunur. Biitiin sintez edilmis birlosmalorin strukturu
1Q-spektral analiz, fiziki-kimyovi xassalorin dyronilmosi vo elementar analizlo siibut edilmisdir.
Hoddindon artiq tozyiq vo asinmaya qarsi xiisusiyyatlor dord tip stirtinmo masiminda (FFM-1)
Oyronilmisdir. Hoddindon artiq tozyiq Xisusiyystlorinin qiymatlondirilmasi yiikiin asinma
indeksino (LWI), kritik yiikko (CL) goro vo qaynaq yiikiino (WL) goro, asinma capiginin
diametrino (Wd) gors aginmaya qarst xiisusiyyatlors géra aparilmigdir.

Acar sozlar: kiikiird-fosfor torkibli birlogmalar, triboloji xassalar, allil ditiofosfor tursusu
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PE3IOME

CraTbs MOCBSIIEHA aKTyalbHOH MpobieMe - CHHTE3Y HOBBIX COCIUHEHUN M UX MCCIEIOBAHUIO B
Ka4ecTBE NPOTHBOM3HOCHBIX M TIPOTOMABICHHBIX NPUCANOK K CMa3ouyHbIM Maciam. lLlenbro
JAaHHOM paboThl sBIsETCA MOJydyeHue cepodocdopcoaepKalx COeIUHEHNH, O00JIagaronux
TpUOOJIOTHUECKUMH CBOWCTBaMH. Ha OCHOBe NHMTEpaTypHBIX JaHHBIX M OIBITa B 3TOH 00JacTH
aBTOpPaMU CHHTE3UPOBAHBI MPOU3BOJHBIE AUTHOPOCHOPHBIX KUCIOT, KOTOPbIE B JasibHEiIeM
U3yYaINCh B KAYeCTBE MPOTHBO3AJUPHBIX U MPOTHBOM3HOCHBIX MPHUCATOK K CMa30YHBIM MacliaM.
CHHTOHOM 71 CHHTE3a COCIUHEHHMH IOCIHYXKWJIM HaTpUEBBIE COJM JUM3O0MPONHIOBON U
AMIINTAOPOCHOPHON  KHCIOT,  TMOJY4YEHHbIE  B3aHUMOJCIHCTBHEM  COOTBETCTBYIOIHX
mutrodochopHbix kucaoT ¢ 40% pacTBOpoM THApoKcHIa HaTpus. Peakuuel HaTpueBo conu
JUu3oNponia, ammiguTuodocdara HaTpus € TOMYOJICYIb(POHAMUIOM, IOJYYEHHBIM IIpU
B3aUMOJICHICTBUM  TOdyoJCydbpoHamMHuna ¢  S-xjaopuaoMm  (ocdopa, OBUIM  MOTYUYESHBI
ToJIyoJCyab(doHM30onponus U amtuiguTHodocdatsl. IlomyueHHsle coenuHeHuss oOnanaroT
BBICOKUMH TPOTHUBO3aJUPHBIMU CBOHCTBaMU. Iloka3aHo, 4TO MPOTHUBO3aJUpPHBIE CBOWCTBA
COCZIMHEHUS 3aBHCAT OT CTPOCHUS BXOJAIINX B HETO (hparmMeHToB. Ciemyer oOpaTUTh BHUMaHHE
Ha pacCUMThIBAeMbI IMOKa3aTedb WHAEKca 3amupa (Si), KOTOPBI CBUIETENBCTBYET 00
3pPEKTUBHOCTH TMPOTHBO3aTUPHBIX CBOWCTB;, YE€M BBIINIE OTOT TI0Ka3aTeNb, TEM BHIIIE
POTUBO33AUPHBIE CBOMCTBA. 4-(peHokcrKapOOHMIMETHIIOBBIN a¢up
TUU30NPONMIITUTHO(GOCHOPHON  KHUCIOTHI MOJMydYadd B3aUMOJCHCTBHEM HATPUEBOM  COJIU
JUU30MPONMIAUTHOPOCHOPHON  KHUCIOTHL € (EHHIXIIOpAlleTaTOM; aHAJOTHYHO, IyTeM
00aBICHUS S-METHII-2-THAPOKCH-Y-XJIOpPAeTOPEHOHA K JUH3OMPOMIIANTHO(OCHATHONH COJn
HOJTyYau 5-MeTu-2-ruipoKcrHheHMIKapOOHUIMETUIIOBBIH a¢up
JTUU30NPONMIITUTHO(POCHOPHON KHUCIOTHL. OTH COEAMHEHHS TakXke O00JIajaloT BBICOKUMU
IPOTHBO33UPHBIMU CBOWCTBAMH; KPOME TOTO, OHHM INPEBOCXOAAT TOJIYOJICYJIb(HOMPOU3BOIHBIE
TUTU(POCHOPHBIX KUCIOT MO MPOTUBOU3HOCHBIM CBOWCTBAM, UTO BIIOJHE OOBACHSAETCS OONBIINM
KOJIMYECTBOM Cepbl B cocTaBe mnocieaHux. CTpoeHHe BCEX CHHTE3MPOBAHHBIX COCIUHEHUI
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noareepxkaeHo Meronamu MK-cnekrpanbHoro ananmsa, u3yuyeHus: GU3NKO-XUMHUUYECKUX CBOMCTB
Y 3JIEMEHTHOTro aHanu3a. [IpoTuBo3aaupHbie U MPOTUBOM3HOCHBIE CBOMCTBA MCCJIEAOBAJIMCH HA
yeThIpeximapukoBoi MammuHe TpeHus: (PDOM-1). OueHKy NpOoTHBO3aIUPHBIX CBOMCTB MPOBOIUIH
o uHjAeKcy u3Hoca noj Harpyskoit (LWI), mo kputuueckoit Harpyske (CL) u mo cBapouHoi
Harpyske (WL), npoTHBOM3HOCHBIE CBOMCTBA IO 1UaMeTpy msaTHa uzHoca (Wd ).

KiwueBble cioBa: cepodochopconepkamux COCTUHEHUH, TPUOOJOTMYECKHUMH CBOWCTBA,
MIPOU3BOIHBIE AUTHO(HOCHOPHBIX KUCIOT, MPOTUBOU3HOCHBIX
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