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SYNTHESIS OF COMPLEX OLIGOESTERS OF CYCLIC POLYOLS AND
INVESTIGATION OF THEM AS HIGH-TEMPERATURE LUBRICATING OILS

Academician of ANAS M.A.Mamedyarov, G.N.Gurbanov, L.M.Yusifova

A series of complex oligoesters of 2,2,5,5 tetramethylolcyclopentanol was synthesized, their
physico-chemical, viscosity-temperature, thermal-oxidative and lubricating properties were studied.
It was found that they have good performance characteristics and can be offered as the basis for
high-temperature lubricating oils, dispersion medium of high-temperature plastic lubricants, thick-
ening lubricant components, and anti-wear and anti-seize additives for lubricanting oils.
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Under the operating conditions of lubrica-
ting oils under severe conditions — high tem-
perature and pressure, their operational proper-
ties become unsatisfactory. Therefore, the crea-
tion of new high-quality lubricants, including
polyester, with high viscosity-temperature,
thermal-oxidative and lubricating characteris-
tics is very actual and perspectival [1-3].

However, with an increase in operating
temperature >250°C, the viscosity, thermal-oxi-
dative and lubricating properties of the complex
esters of aliphatic neopolyols become unsatis-
factory, which is due to the structural feature of
these esters[4-5].

In this aspect, the obtained oligoesters on the
basis of 2,255 tetramethylolcyclopentanol
(TMCP) having many polar ether groups, cyclic
fragments, a quaternary carbon atom not having [-
hydrogen and researching them as new lubricants
has a certain scientific and practical interest .

Experimental part

In the present work, the properties of
complex oligoesters of 2,255 tetramethy-
lolcyclopentanol (TMCP) with caproic, gluta-
ric, pimelic, azelaic acids, methyl, hexyl and 2-
ethyl hexyl alcohols were obtained and investi-
gated.

The esterification reaction of TMCP was
carried out in several stages in the presence of a
catalyst of para-toluenesulfonic acid (PTSA)
(1% load at each stage) and toluene as an azeot-
ropic agent at a temperature of 160-180°C. At
the first stage, etherification was carried out to
obtain a tetraester of TMCP with caproic acid,
then the remaining hydroxyl group in the se-
cond stage was esterified with dicarboxylic acid
into the third free carboxylic acid group of the
dicarboxylic acid to esterify with mono alcohol.

The reaction of obtaining complex esters
can be represented as follows:

(CH,OH), (CH,0COCsH, ),
kat (H)
OH +4RCOOH ——m» OH "
-4H,0
(CH,OH), (CH,OCOC:H, )
(CH,OCOCsH ),

+ HOOC-(CH,),-COOH + R-OH —»
-2H,0
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where: m=3 m=5 m=7
R=-CH; (I) R=-CHj; (IV) R=-CH; (VII)
-CeHas (I1) -CeH13 (V) -CeH13 (VIII)
-CgHa7 (II1) -CgHz7 (V1) -CgH17 (I1X)

The esterification was washed with 5%
NaOH solution and water until neutral. After
toluene was distilled off and the easy volatile
products of the reaction were removed, the es-
ters were evacuated at a residual pressure of 1-2
mm Hg and temperatures up to 210-250°C.

The yield of oligoesters was 76-88% of
theoretical.

The structure of the synthesized complex
esters of TMCP was confirmed by IR and
NMR spectroscopy, as well as by determining
the molecular weight, acid and ester numbers.

Thermal-oxidative stability (TOS) of oli-
goesters was determined according to GOST
23797-79 in the amount of lubricants in accor-
dance with GOST 9450-75 on a four-ball fricti-
on machine (FFM) at 20 + 5°C, on balls 127
mm in diameter made of steel 11IX-15, with the
number of revolutions 1500mm™,

Discussion of the results

After determining the physico-chemical
characteristics of the esters obtained, it was fo-
und that esters were obtained with a yield of
71-85% by weight, with high refractive index
values - 1101 = 1125 kg/m®, molecular weight -
740+894. The density of all complex esters at
20°C is above 1. The density of all esters at
20°C is higher than 1.

The viscosity-temperature, TOS and lub-
ricating characteristics of oligoesters were de-
termined. From tab. 1 shows that the obtained
oligoesters have a relatively high viscosity at
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100°C (14,12-19,57 mm?s), a high viscosity
index (129-142 units), a flash point (281-
337°C) and relatively low freezing point (minus
36 + minus 43°C). However, all the synthesized
esters compared with the individual esters of
TMCP are higher molecular weight, have hig-
her viscosity values, flash point and, impor-
tantly, a high viscosity index.

After determining the TOS of oligoesters
(table 2), they were found to have small acid
numbers after oxidation (2.23-3.12 mgKOH/qg),
a residue that is insoluble in isooctane (0.091-
0.173 wt.%), evaporation (0.361-0.762% wt.),
corrosion of AK-4 (0.072-0.122 mg/cm?) and
111X-15 (0.086-0.165 mg/cm?).

In determining the lubricating characteris-
tics of oligoesters of TMCP, it has been found
that they have high anti-wear and anti-seize pro-
perties. As can be seen from table 3, they have a
critical load, Pc,H = 840-950 and the diameter of
the wear spot, Di,mm = 0.40-0.60 mm.

These esters having a relatively high mo-
lecular weight, can withstand loads at high tem-
peratures (>250°C), forming a strong and du-
rable oil film between the rubbing surfaces.
Since they are oligoesters, have many polar et-
her groups and asymmetric molecules of esters,
all these factors play a large role in the lubricity
of these compounds [7-8]. From table 3 it is al-
so seen that the complex esters of TMCP in
comparison with the individual esters have a
high lubricity.
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Table 1
Viscosity-temperature properties of complex oligoesters of TMCP
Number Molar ratio of components Viscosity, Viscosity Temperature, °C
of esters mm?/s, at tem. index
°C
40 100 flash point | freezing point
I TMCP, caproic, glutaric acid, | 43,16 | 14,12 130 281 -39
methanol (1:4:1:1)
I TMCP, caproic, glutaric acid, | 51,72 | 16,48 133 296 -36
hexanol (1:4:1:1)
1l TMCP, caproic, glutaric acid, | 57,61 | 18,63 142 312 -41
2-ethylhexanol (1:4:1:1)
v TMCP, caproic, pimelic acid, | 49,12 | 15,70 129 290 -38
methanol (1:4:1:1)
\V TMCP, caproic, pimelic acid, | 56,23 | 17,90 136 320 -37
hexanol (1:4:1:1)
VI TMCP, caproic, pimelic acid, | 60,49 | 19,57 138 328 -43
2-ethylhexanol (1:4:1:1)
VII TMCP, caproic, azelaic acid, | 53,18 | 17,12 140 301 -36
methanol (1:4:1:1)
VI TMCP, caproic, azelaic acid, | 59,35 | 19,56 132 330 -35
hexanol (1:4:1:1)
IX TMCP, caproic, azelaic acid, | 71,11 | 22,90 135 337 -39
2-ethyl hexanol (1:4:1:1)
X TMCP and MFA fr. Cs-Cq 31,7 7,56 121 234 -62
Table 2

Thermal-oxidative characterization of complex oligoesters of TMCP

Number | Acid number The precipitate | Corrosion, mg/cm® E L
. . vaporation %
of esters mgKC_)H/g is insoluble. in AK-4 IIX-15 Wi
(after oxidation) | isooctane,% wit.
2,23 0,091 0,072 0,086 0,361
2,85 0,110 0,081 0,102 0,420
3,02 0,103 0,103 0,121 0,452
v 2,56 0,125 0,092 0,110 0,409
2,91 0,141 0,110 0,133 0,507
VI 3,04 0,172 0,121 0,165 0,723
VII 2,84 0,138 0,103 0,107 0,556
VIl 2,96 0,152 0,100 0,156 0,672
IX 3,12 0,173 0,122 0,162 0,762
2,50 0,067 0,020 0,035 0,560
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Table 3

Lubricating characteristics of some complex oligoesters of TMCP

Number Critical load, Wear rate
of esters P.,H DiimmatP =196 H
I 840 0,60
I 880 0,55
\Y 920 0,50
VI 930 0,50
VI 910 0,45
IX 950 0,40
X 680 0,70

Thus, the synthesis and study of a series
of complex esters of TMCP shows that they ha-
ve a significant advantage in comparison with
the individual esters of this series and the pol-
yesters of aliphatic polyols, which allows them
to be recommended as specialty lubricants as-
signing a dispersion medium of high-tempera-
ture plastic lubricants, thickening lubricant
components, as well as antiwear and anti-seize
additives for lubricanting oils [9-10].

REFERENCES

1. Sheinina S.Z. Synthetic oils based on esters for aviati-
on gas turbine engines // World of Oil Products, 2001,
Ne3, p. 6-8.

2. Mamedyarov M.A., Gurbanov G.N., Guliyeva E.M.,
Suleymanova G.N., Gulu-zade F.A. The synthesis of vici-
nal substituting cyclohexanol other complexes and their

study as lubricants meeting modern// National Academy
of Sciences of Azerbaijan. Reports, 2015, Nel, p.47-51.

3. Mamedyarov M.A., Gurbanov G.N., Aliyeva F.Kh. Es-
ters of cyclic poliols - the basis of the synthetic lubrica-
ting oils//East European Scientiic Journal, Poland 2017.
— N2 (18), p.79-84.

4. Patent 2235758 Russia 2004.

5. Patent 2186386 Russia 2002.

6. Gurbanov G.N. Esters of cyclic neopoliols —bases of
synthetic lubricating oils // Processes of petrochemistry
and oil refining, 2006, Nel, p.80-85.

7. Danilov A.M. Introduction to chemotology. M. : Tech-
nics Publishing House, 2003, 464 p.

8. Fuchs 1.G., Buyanovsky l.Ya. Introduction to Tribology.
Tutorial.M .: Oil and Gas, 1995, 378 p.

9. Mamedyarov M.A., Alieva F.Kh., Gurbanov G.N.
Synthetic lubricating oils (structure and properties) // Sci-
entific world 2017, 335 s.

10.  Tsvetkov O.N. Lubricating oil - the basis of tech-
nical progress.// The world of petroleum products, 2008,
Ne2, pp.23-27.

Institute of Petrochemical Processes of ANAS
huseynqurbanov1948@gmail.com

2,2,5,5 TETRAMETILOLTSIKLOPENTANOLUN KOMPLEKS OLIiQOEFIiRLORININ SINTEZi VO
ONLARIN YUKSOK TEMPERATURA DAVAMLI SURTGU MATERIALLARI KiMi TODQIiQi

M.9.Mammadyarov, H.N.Qurbanov, L.M.Yusifova

2,2,5,5 tetrametiloltsiklopentanolun miixtalif kompleks oliqoefirlari sintez olunmus, onlarin fiziki-kimyovi, 6z1i-
likk-temperatur, termooksidlagsma stabilliyi va yaglama xassalori 6yronilmisdir. Miiayyan olunmusdur ki, onlar yaxst is-
tismar xassolarina malikdirlar, bu sababdan da yiiksak temperatura davamli siirtgii yaglarinin asasi kimi, yiiksak tempe-
ratura davamli plastik yaglayicilarin dispers miihiti kimi, siirtgii yaglarina 6zliilikk artirict komponent kimi, hamginin
yaglara yeyilma va siyrilma aleyhins aggar kimi tovsiys olunur.

Acar sézlari: kompleks oliqoefirlor, siirtgii yaglar, istismar xassalori, yiiksok temperatura davam/: xassalor, ye-
yilma va siyrilma aleyhina alavalar
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CHUHTE3 KOMILIEKCHBIX OJINT'O3®UPOB 2,2,5,5 TETPAMETHUJIOJINUKJIOIIEHTAHOJIA U
HNCCIEJOBAHHUE UX B KAYECTBE BBICOKOTEMIIEPATYPHBIX CMA30OYHbBIX MATEPUAJIOB

M.A.Mameabsipos, I'.H.I'ypbanos, J.M.FOcudona

CHHTE3UPOBaH PsiJl CIIOKHBIX KOMITIEKCHBIX OJUTr0o3¢HpoB 2,2,5,5 TeTpaMeTHIIONINKIO-TIEHTaHOIA, H3yUCHBI UX
(M3UKO-XMMHUYECKHE, BI3KOCTHO-TEMIIEPAaTYPHBIE, TEPMOOKHCIUTENbHBIE U CMa3bIBalOLINEe CBOicTBA. Bbuto ycTaHOB-
JICHO, YTO OHHU MMEIOT XOPOIINE IKCIUTYaTallHOHHbIE XapaKTEPUCTUKH M MOTYT OBITh MPEIUIOKECHBI B KaU€CTBE OCHOBBI
JUIS BBICOKOTEMIIEPATYpPHBIX CMa304HBIX Macel, AUCIEPCUOHHOM Cpefoli BEICOKOTEMIEPaTypPHBIX IUIACTUYHBIX CMAa30K,
3aryIaroniixX KOMIIOHCHTOB CMa30YHbBIX MAcell, a TaKkKe MPOTUBON3HOCHBIX U MPOTUBO3aJUPHBIX NPUCATOK K CMa30d-
HBIM MacllaM.

Knroueesvie cnoea: xomnnexcuole Oﬂu209¢1/lpbl, CMA304YHble MACIA, IKCNyamayuoOHHble XapaKmepucmuKku, 6bl-
coKkomemnepamypHbvle ceoﬁcm@a, npomu6OU3HOCHbIX U npomueoaadupnblx npucaz)OK
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