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Abstract

Objectives. Development of a domestic technology for producing environmentally friendly non-phthalate plasticizers, lubricants and
transformer fluids based on neopentyl glycol (NPG), an oxo-synthesis product.

Methods. The methodology of the work was to study the kinetic laws of NPG esterification with acetic and 2-ethylhexanoic acids
under self-catalysis conditions with an 8-fold molar excess of monocarboxylic acids. The production of NPG esters was carried out
by azeotropic esterification in the presence of solvents—benzene and m-xylene. The resulting diesters were isolated from the reaction
mass by vacuum rectification. The purity of the obtained NPG diesters was no less than 99.7 wt %. Analysis of the qualitative and
quantitative composition of reaction samples was carried out using infrared spectroscopy, gas chromatography—mass spectrometry and
gas—liquid chromatography.

Results. The paper presents the results of kinetic studies on NPG esterification of with acetic and 2-ethylhexanoic acids. It compares the
reaction rates and reactivity of the acids used. Under the given conditions, NPG diesters were produced, and some of their physicochemical
properties were determined. This enabled the data obtained to be used for the development of industrial technology in the production
of NPG diesters.

Conclusions. It was established that with an eightfold molar excess of acid under self-catalysis conditions, a yield of NPG diacetate
equal to 95% is achieved within 20-22 h at an optimal process temperature of 100—-110°C; NPG di(2-ethylhexanoate)—within 26-28 h
at 160-170°C. The activation energies and pre-exponential factors for the formation of NPG mono- and diesters with acetic and
2-ethylhexanoic acids were established. The paper presents the kinetic models of esterification.
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AHHOTaUus

Iean. Pazpaborka OTEe4eCTBEHHONW TEXHOJIOTHHU ITOTYYCHUS SKOJIOTMYSCKH YHCTHIX He(TaIAaTHBIX INIACTH(HUKATOPOB, CMA3bIBAIOIINX
1 TpaHC(OPMATOPHBIX JKUIKOCTEI Ha OCHOBE IPOJyKTa OKCOCHHTe3a — HeoneHTmirukoist (HIID).

Metoasl. MeTtononorus paboTHI 3aKII0YANach B MCCIEIOBAHIN KHHETHUECKUX 3aKOHOMEpHOCTel peakmuu stepudukammuu HIIT yx-
CYCHOM W 2-3THJITEKCAaHOBOH KHCIOTAMHU B yCIOBHSAX CAMOKaTallN3a MPH BOCBMHUKPATHOM MOJEHOM H30BITKE MOHOKAPOOHOBEIX KHCIIOT.
Hapa6otky cnoxabix a¢upos HIII™ Benn MeTomoM a3e0TpomnHOM STepruUKaINU B IPUCYTCTBUU PACTBOPUTENIEH — OeH3011a 1 M-KCHIIO-
na. [TomydeHHbIe AUAPUPHI BELICISIIA U3 PEaKIIMOHHOW MacChl BAKYYMHOM pekTudukanueid. Ynctora nomydeHHsx qmddupos HIIT co-
craBisiIa He MeHee 99.7 mac. %. KadecTBeHHBIH 1 KOIMYIECTBEHHBIH COCTAB PEaKIIHOHHBIX P00 IMTPOBOIIIN METOJaMHU NH(PaKpacHOH
CIEKTPOCKOIHNH, Ta30BOH XPOMATO-MaCC-CIIEKTPOMETPUEN M Ta305KUIKOCTHOI XpoMarorpaduei.

PesyabTarsl. B pabore mpeacTaBieHbl pe3ybTaThl KHHETHYECKHX UCchenoBaHui peakuuii atepudukanuu HIIT ykcycHoit u 2-oTmi-
reKCaHOBOHU KHciIoTaMu. [IpoBeieHO cpaBHEHHE CKOPOCTEH peaKkui U PEaKIHOHHON CIIOCOOHOCTH HCIIONIb3YEMBIX KUCIIOT. B 3a1aHHBIX
ycnoBusax Hapabotansl audduper HIII' u onpeneneHs! nx HEKOTOpBIE (H3MKO-XMMHYECKHE CBOMCTBA, MO3BOJIAIONINE PEKOMEHIOBAThH
TIOTyYEeHHbIE JaHHBIC [T Pa3pabOTKU MIPOMBIIIIEHHON TeXHOIOTUH MOITyYeHHs CIOKHBIX Armadupos HIIT.

BbiBoabI. YCTaHOBIEHO, YTO IPH BOCBMUKPATHOM MOJIBHOM M30BITKE KHCIIOTHI B YCJIIOBHAX caMOKaTaian3a Beixon auanerara HIII, pas-
HbIl 95%, nocturaercs B Teuenne 20-22 4 mpu onTuManbHON Temmeparype mnporecca 100-110°C; mu(2-stunrexkcanoara) HIIIT —
B TeueHne 26—28 4 npu 160—170°C. OnpenesneHsl 3HEPTUHM AKTUBALUH U TPEIIKCIIOHEHIIMATbHBIE MHOKUTEIH peakuii 00pa3oBaHus
MoHO- 1 qmdupo HIIT ¢ ykcycHOM 1 2-3THAreKCaHOBOW KucnotaMu. [IpecTaBaeHbl KHHETHUECKHE MOJICIH dTepruHKaIH.

KnioueBble cnosa Moctynuna: 17.05.2023
AopaboTaHa: 12.07.2023

MpuHata B neyatb: 22.12.2023
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INTRODUCTION

In the current environmental situation, the production
of phthalate plasticizers is strictly regulated by
environmentalists. This requires modern manufacturers
of plasticizers to actively develop and create alternative
raw materials and options for their production. Thus,
the synthesis gas required for the synthesis of olefins
by oxo-synthesis can be obtained by steam reforming or
partial oxidation of methane. As a result, natural gas is
an accessible raw material for the production of alcohols
and carboxylic acids which are the starting components
in esterification reactions. Carboxylic acids are obtained
by low-temperature oxidation of the products of lower
olefins hydroformylation (aldehydes) in oxygen or air,
while alcohols are obtained by catalytic hydrogenation.

Oxosynthesis processes are primarily aimed at
producing oxygen-containing products of linear structure.
However, 30-35% of the products are aldehydes of
iso structure [1]. Regioisomeric isobutyraldehyde is
among them. Its aldol condensation with formaldehyde
followed by catalytic hydrogenation produces one of the
most important neo alcohols: neopentyl glycol (NPG,
2,2-dimethyl-1,3-propanediol).

Due to the structural features of NPG (i.e., the
presence of a quaternary carbon atom in the molecule),
NPG esters can be characterized by their good ability to
biodegrade under aerobic and anaerobic conditions [2].
They are thermostable and have low melting points [3].
They have a reduced potential for oxidation and
hydrolysis when compared to natural esters [4]. For this
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reason, they are considered as potential environmentally
friendly insulating liquids [5].

A significant part of industrially produced NPG is
used to produce esters of various structures, used in the
cosmetic and polymer industries, as well as plasticizers
and synthetic oils [6]. Plasticizers based on NPG belong
to hazard class IV [7] and are environmentally safer
compared to phthalate plasticizers, which belong to hazard
class I [7].

The global NPG market was worth USD 1346 min
in 2020, and its average annual growth rate over the
forecast period of 2021-2027 will be 4.1%'. NPG
production is not currently carried out in Russia,
although Russia possesses all the prerequisites for
mastering modern oxo-synthesis processes and their
improvement. This will allow domestic production of
environmentally friendly plasticizing materials to be
established and the amount of natural gas burned to be
reduced.

The main industrial method for producing esters is
esterification reaction using acidic homogeneous and
heterogeneous catalysts: sulfuric and orthophosphoric
acids; and sulfonic cation exchangers. The use of
mineral acids as catalysts leads to tarring and a decrease
in the color stability of the reaction mass, thus increasing
the cost of isolating and purifying the target product.
There is a tendency to use heterogeneous catalysts (ion
exchange resins) in esterification reactions due to the
ease of separation of the reaction mass from the catalyst
and the absence of wastewater [8].

The carboxylic acids used for esterification are
weak acylating reagents capable of autoprotolysis [9].
This enables the process to be carried out without the
use of a catalyst: under conditions of self-catalysis.
The pK values of carboxylic acids do not differ greatly
from the pK of the catalyst [the pK values of acetic
acid (AA) and the H;PO, catalyst (in the first group) are
4.76 and 2.12, respectively]. Despite the longer reaction
time under self-catalysis conditions, the problem of
side reactions occurring in the system is resolved. This
makes it possible to obtain esters which require minimal
additional purification, if necessary.

The literature devoted to studies on NPG
esterification contains practically no information
about conducting kinetic studies of the esterification
reaction under self-catalysis conditions. Therefore, we
conducted studies of the kinetics of NPG esterification
with acetic and 2-ethylhexanoic (2EH) acids under
conditions of self-catalysis, in order to create
a theoretical basis for the development of domestic
technology for the production of environmentally
friendly non-phthalate plasticizers.

1

EXPERIMENTAL
Materials

Two monocarboxylic acids—AA and 2EH—with
a purity of at least 97 wt % and NPG with a purity of
at least 99.8 wt % were used as reagents in the study of
NPG etherification.

Synthesis of NPG esters

NPG is a diatomic alcohol. The esterification reaction
with its participation is equilibrium, and proceeds
sequentially through the formation of a monoester,
ending with the formation of a diester (Fig. 1). In
addition, a disproportionation reaction of monoesters
is also possible. However, this reaction occurs to a very
small extent, and its contribution to the process kinetics
is insignificant [10].

The production of NPG diesters was carried out by
means of azeotropic esterification at an acid/alcohol
molar ratio of 8 : 1, under conditions of self-catalysis
using a Dean—Stark trap to separate reaction water.
Benzene (Reaktiv, Russia) was used as an azeotrope-
forming agent in the synthesis of NPG diacetate, and
m-xylene (EKOS-1, Russia) in the synthesis of NPG
di(2-ethylhexanoate). The choice of acylating reagents is
determined by the difference in the lengths of their alkyl
chains. This allows for evaluation of the influence of the
length of the acid carbon chain on the reaction rate, on
the time of ester synthesis, on some physicochemical
properties, and, as a consequence, on the scope of
application of the resulting NPG diesters. The completion
of the reaction was determined by the cessation of
water formation. Next, the excess carboxylic acid was
distilled off under vacuum. The resulting diesters were
washed with a 5% NaHCOj; solution to remove traces
of the acid. In the case of NPG diacetate, purification
from by-products was carried out by means of vacuum
rectification. In the case of NPG di(2-ethylhexanoate),
purification was carried out by treatment with bleached
clay, in order to remove resins. Then the product was
washed with an aqueous solution of sodium hypochlorite
for clarification [11]. The purity of the obtained esters
was no less than 99 wt % (determined by gas—liquid
chromatography, GLC).

Identification and analysis

Identification of the components of the reaction mixtures
was carried out by means of gas chromatography—
mass spectrometry using an Agilent 6850 gas
chromatograph (Agilent Technologies, USA)
equipped with an Agilent 19091S-433E capillary
column (30 m x 250 pm x 0.25 pm) on an HP-5MS

Global neopentyl glycol market 2021 — industry statistics. Gen Consulting. 2020.
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Fig. 1. Scheme of NPG esterification with monocarboxylic acids

chromatographic column (stationary phase: 5% diphenyl-
polysiloxane + 95% dimethylpolysiloxane) and an
Agilent 5975C VL MSD mass selective detector at an
ionizing voltage of 70 eV.

Furthermore, the structure of the NPG diesters
obtained was confirmed by infrared (IR) spectrometry
using an FSM 2201 IR Fourier spectrometer (/nfraspek,
Russia) equipped with a multiple attenuated total internal
reflection horizontal type MNPVO36 attachment with
a zinc selenide-based prism.

The reaction samples were analyzed by GLC using
a Kristall-2000M chromatograph (Chromatec, Russia)
equipped with a flame ionization detector and a capillary
columnmeasuring 100 m x 0.2 mm x 0.5 um with a grafted
stationary liquid phase DB-1 (dimethylpolysiloxane).
The masses of the components were determined by GLC
using an internal standard. Analysis modes are presented
in Table 1.

Kinetic studies

Kinetic studies were carried out under conditions of self-
catalysis in the absence of an azeotrope-forming agent at
an acid/alcohol molar ratio of 8 : 1 under nonequilibrium
conditions (with distillation of reaction water) with
intense stirring. The choice of the acid/alcohol molar ratio
was determined by achieving the optimal equilibrium
conversion of NPG based on the thermodynamic
analysis of the system. The reactions were carried out
under thermostatting in an open ideal mixing reactor
system: a three-neck round-bottom flask equipped with
a stirrer and a Liebig refrigerator. NPG is a crystalline
substance, so the start time of the kinetic experiment was

+ H,0
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R/ko HO
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Table 1. Modes of reaction mass analysis using GLC

Parameter NPG +AA NPG + 2EH
Column temperature, °C 100-170%* 250
Evaporator temperature, °C 350 330
Detector temperature, °C 300 300
Carrier gas Helium
Flow rate, mL/min 0.7
Split ratio 1/100

* The temperature was maintained at 100°C for 10 min, then
the column temperature was raised to 170°C at a heating rate of
20°C/min.

counted from the moment of its dissolution in the acid at
the reaction temperature.

Under the conditions of kinetic studies, reverse
hydrolysis reactions did not occur, since water was
removed from the system [4]. This allowed the account
the water concentration not to be taken into account in
the kinetic equations, also allowing the rate constant
values to be calculated only for direct reactions.

As a result, the system of kinetic equations looks as
follows:

BCME

ME _ [NPG][A]- &y [DE][A] n
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aC,

— 2=k [ME][A]. 2)
T
where A is monocarboxylic acid; ME is NPG monoester;
DE is NPG diester; Cy,; and Cy; are concentrations of
monoester and diester, respectively; T is time.

Based on the available literature data, the reaction
order for each component was taken to be equal
to 1 [10-13]. The rate constants k, and k, were determined
by jointly solving kinetic Egs. (1) and (2) for each
temperature under the assumption that £ zﬂ at

ot At

At = 10 min. Optimization of values was carried out
using the Euler method.

RESULTS AND DISCUSSION

Table 2 presents the characteristics of the mass
spectra of the samples of the NPG diacetate and
di(2-ethylhexanoate) obtained. The data shows that the
mass spectrum of NPG diacetate can be characterized
by 100% relative intensity of the C,H,O" ion, and
in the case of di-2-ethylhexanoate, of the rert-C,Hy"
ion. The maximum intensity of the latter is due to
energetically favorable pathways of decomposition
of the n-butyl fragment of the ester molecule acidic
part followed by its isomerization into the fert-butyl
cation [14]. One notable feature of the NPG esters
fragmentation is the elimination of the CH,® radical
from the quaternary carbon atom of the ester molecule
alcohol part.

Besides, IR spectra of the synthesized esters were
obtained. They are presented in Figs. 2 and 3.

Allthespectracontaincharacteristic intense absorption
bands in the region of 2860-2975 cm™! indicating the
presence of stretching vibrations of C—H bonds related
to the alkyl moiety of the acidic part of the molecule.
Absorption bands in the region of 1750-1735 cm™! are
characteristic of the C=0 bond of the ester group. The
band in the range of 1000-1260 cm™! represents bending
vibrations of the C—O bond. A small band in the region
of 3550-3450 cm™! characterizes the presence of an
OH group, confirming the presence of NPG monoesters
(up to 0.1 wt %) in the resulting diesters.

Determination of kinetic characteristics

The study of the kinetics of NPG diacetate formation was
carried out in the temperature range of 70-110°C with
steps of 10°C and a time interval of 0—300 min. The initial
concentrations of the reagents in all the experiments were:
NPG — 1.8 mol/L; and AA — 14.2 mol/L. Experiments
involving 2EH acid were carried out at temperatures of
140-170°C with steps of 10°C and a time interval of
0-160 min. The initial concentrations of the reagents
in all the experiments were: NPG — 0.8 mol/L; and
2EH — 6.1 mol/L. In order to control the experiment,
material balance was calculated at each time point
to assess the relative deviation of the analytically
determined masses of the components from the mass of
the loaded components. The average deviation did not
exceed 10%.

Typical chromatograms of reaction masses are
presented in Figs. 4 and 5.

Figure 6 shows the results obtained for one of the
study temperatures. They indicate the concentration
dependencies of the reaction mixture components on
time, illustrating the sequence of NPG transformation
into monoesters and of monoesters into diesters.

The dynamics of the reactions over time show that
the rate of the reaction with the participation of AA is
higher than in the case of 2EH. This may be due to the
strength of the acids used (the dissociation constant
of AA is greater than that of 2EH) and due to spatial
factors.

The values of the rate constants k; and k, obtained
during the experiments are presented in Table 3.

The pre-exponential factors and activation energies
were determined graphically on the basis of the obtained
approximation equations for the dependence of the
natural logarithm of the rate constants on the inverse
temperature. The resulting Arrhenius equations for
a system with CM have the form:

(-57.6 £2.2)

k, =574-10%-¢ RT | 3)
(-49.9 +12.1)

ky=194-103-¢  RT | 4)

Table 2. Characterization of the main series of ions in mass spectra of synthesized NPG diesters

NPG ester

Main mass spectrum ion series 70 eV, m/z, (structure, % rel.)

Diacetate

188 (M**, 0); 145 ([M**—C,H,0°T", 1); 115 (IM**~C;H,0,°]", 20); 86 ([M**~C,H,0,*; ~C,H,0°]", 15);
56 (IM**—2C,H,0,°; —CH,*]", 25); 43 (C,H,0", 100)

Di(2-ethylhexanoate)

57 (tert-C H,", 100)

356 (M**, 0); 341 ([M**~CH,*]", 1); 328 ([M"*—C,H,]**, 3); 300 ([M**~C,H,]"*, 8); 213 ((M"*~C,H, ,0,°]", 45);
156 (IM**~ CgH,,0,%-C,H,®, 35]**); 127 (IM**~C,H,®; ~C¢H,;0,% ~2CH,°]", 85); 99 (sec-C,H, 0, 43);
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Fig. 3. IR spectrum of NPG di(2-ethylhexanoate)

where R is the gas constant, 7'is the absolute temperature.
In case of esterification with 2EH acid:

(-57.5+6.2)

ky=594:10°-e RT | (5)
(-50.9 £5.2)

ky=4.16-10>-e  RT (6)

It can be seen from Egs. (3)—(6) that the activation
energies for each stage are almost the same. However,
at the same time there is a strong difference in the values
of the pre-exponential factors. This can be explained
by a change in the reactivity of carboxylic acids with
increasing length and branching of the main carbon

chain. This creates spatial obstacles to interaction due
to the shielding of the active centers by the alcohol
molecules. Thus, the ethyl radical at the a-carbon atom
of 2EH acid reduces the acid strength and complicates
the nucleophilic attack of the nearby carbon atom of the
carboxyl group [15]. This significantly affects the rate of
esterification in the case of isomeric acids with similar
dissociation constants [13].

The viability of the proposed kinetic model
(Egs. (3)—(6))is confirmed by comparison of experimental
and calculated data, as presented in Fig. 7. The average
deviation of the calculated values from the experimental
values does not exceed 6%.

The time to reach 95% yield of NPG
di(2-ethylhexanoate) is 26—28 h; in the case of NPG
diacetate, 2022 h (Fig. 8).
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Table 3. Values of rate constants of NPG esterification by AA and 2EH acid

AA 2EH
e k1'104,. k2'104,‘ ¢ oC k1'104,. k2'104,‘
? L/(mol'min) L/(molmin) ’ L/(mol'min) L/(mol'min)
70 0.9 0.3 - - -
80 1.9 1.2 140 3.0 1.4
90 2.9 1.7 150 5.2 23
100 5.0 1.9 160 6.3 2.8
110 8.1 2.6 170 9.9 4.2
1.8
1.6 0.8 10 e Experiment
90 °
14 0.7 30 O Calculation o
o 1.2 0.6 i’ 70 8 a
Té 1.0 %‘ 0.5 £
5 0.8 £ 04 % 50 g;» : v
06 S 0.3 5 40 o
0.4 0.2 ) a”
0.2 0.1 20 © D'n
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(a) (b) Fig. 7. Comparison of experimental

Fig. 6. Kinetic dependencies of NPG consumption, accumulation of mono- and diesters.

(a) AA + NPG at 110°C;
(b) 2EH acid + NPG at 170°C

and calculated values

of the NPG conversion change
in time. (a) AA + NPG at 110°C;
(b) 2EH acid + NPG at 170°C
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Fig. 8. Dependence of the yield of diesters on the reaction time.
(2) AA + NPG at 110°C;
(b) 2EH acid + NPG at 170°C.
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Table 4. Comparison of a number of physicochemical properties of the obtained NPG esters and industrial phthalate plasticizer

Flash point in open Mass fraction Density at 20°C,
BIETES crucible, °C of volatiles, % g/cm? Lefprzrict] G s
NPG diacetate 100+5 44.9 1.018 1A%
NPG di(2-ethylhexanoate) 173+2 0.4 0.918 v
DOP (dioctyl phthalate) (GOST 8728-88) 205 up to 0.1 0.982-0.986 11
NPG esters with a content of the main substance of at CONCLUSIONS

least 99.7 wt % were produced under the given conditions.
Their physicochemical parameters were determined
in accordance with the methods of GOST 8728-882
(Table 4).

The data presented in Table 4 indicate that NPG
diacetate is a more volatile compound due to the low
molecular weight of AA used. When using NPG diacetate
as a plasticizer, it will diffuse and evaporate from the
polymer material, which, under high-temperature
processing conditions, can lead to the ether boiling.
Therefore, NPG diacetate can be recommended for use as
a viscosity regulator for plastisols and provide improved
resistance to staining of vinyl floor coverings. This is
due to its volatility [12]. NPG di(2-ethylhexanoate) has
a high boiling point and a low volatility, which makes it
possible to use it as a plasticizer.

The study established that the optimal conditions for
NPG esterification with monocarboxylic acids include
a temperature range of 100-170°C with an 8-fold
molar excess of the acid without the use of a catalyst.
This helps prevent tarring and darkening of the reaction
mass. The observed activation energies for the formation
of NPG diacetate and di(2-ethylhexanoate) are similar
and amount to 53.7 + 7.2 kJ/mol and 54.2 + 5.7 kJ/mol,
respectively. This is consistent with the literature data on
the esterification of propionic acid with NPG: 55.3 kJ/mol.
Any differences in the values of pre-exponential factors,
in the ester synthesis time and in the physicochemical
parameters are due to the influence of the reactivity of
the acids used and spatial hindrance. The research results
obtained can be used to create domestic technology for
the production of NPG esters applied as plasticizers,
bases or components of lubricants.

Authors’ contribution

All authors equally contributed to the research work.

The authors declare no conflicts of interest.

2 GOST 8728-88. Interstate standard. Plasticizers. Specifications. Moscow: IPK Izd. standartov; 2003 (in Russ.).

36 Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(1):28-38



Kinetic regularities of neopentyl glycol esterification
with acetic and 2-ethylhexanoic acids

D.S. Chicheva,
E.L. Krasnykh, V.A. Shakun

REFERENCES

1.

10.

11.

12.

13.

Marochkin D.V., Noskov Yu.G., Kron T.E., Karchevskaya O.G.,
Korneeva G.A. Products of oxo-process in the production
of ester lubricating oils. Nauchno-tekhnicheskii  vestnik
OAO “NK Rosnefi.” 2016;4(45):74-81 (in Russ.).

. Akerman C.O., Gaber Y., Abd Ghani N., Lémsa M., Hatti-Kaul R.

Clean synthesis of biolubricants for low temperature applications
using heterogeneous catalysts. J. Mol. Catal. B-Enzym. 2011;72(3-4):
263-269. https://doi.org/10.1016/j.molcatb.2011.06.014

. Knothe G., Dunn R.O., Shockley M.W., Bagby M.O. Synthesis

and characterization of some long-chain diesters with branched
or bulky moieties. J. Am. Oil Chem. Soc. 2000;77(8):865-871.
https://doi.org/10.1007/s11746-000-0138-x

. Serrano-Arnaldos M., Garcia-Martinez J.J., Ortega-Requena S.,

Bastida J., Maximo F., Montiel M.C. Reaction strategies for the
enzymatic synthesis of neopentylglycol diheptanoate. Enzyme
Microb.  Technol. 2020;132:109400. https:/doi.org/10.1016/j.
enzmictec.2019.109400

. Raof N.A., Yunus R., Rashid U., Azis N., Yaakub Z. Palm-based

neopentyl glycol diester: a potential green insulating oil. Protein
Pept. Lett. 2018;25(2):171-179. https://doi.org/10.2174/0929866
525666180122095056

. Krasnykh E.L., Lukina O.D., Emelyanov V.V, Portnova S.V.

Saturated vapor pressure and enthalpies of vaporization of
diesters of neopentyl glycol and linear C,—C, acids. Russ. J.
Phys. Chem. A. 2021;95(10):1975-1980. https://doi.org/10.1134/
S0036024421100137

[Original Russian Text: Krasnykh E.L., Lukina O.D.,
Emelyanov V.V,, Portnova S.V. Saturated vapor pressure and
enthalpies of vaporization of diesters of neopentyl glycol and
linear C,~C, acids. Zhurnal fizicheskoi khimii. 2021;95(10):
14581463 (in Russ.). https://doi.org/10.31857/S0044453721100137]

. Sushkova S.V., Levanova S.V., Glazko I.L. Identification and

quantitative determination of esters of citric acid. Zzv. Fyssh.
Uchebn. Zaved. Khim. Khim. Tekhnol. = ChemChemTech.
2019;62(10):110-117  (in  Russ.).  https://doi.org/10.6060/
ivkkt.20196210.6036

. Shmid R., Sapunov V.N. Neformal'naya kinetika. V poiskakh

putei khimicheskikh reaktsii (Non-Formal Kinetics: In Search for
Chemical Reaction Pathways): transl. from Engl. Moscow: Mir;
1985. 264 p. (in Russ.).

. Ovezova M., Savin G.A. Synthesis of esters by thermal

esterification. Elektronnyi nauchno-obrazovatel'nyi  zhurnal
VGSPU “Grani Poznaniya.” 2021;3(74):66-68 (in Russ.). URL:
https://sciup.org/148322077

Vahteristo K., Laari A., Haario H., Solonen A. Estimation of kinetic
parameters in neopentyl glycol esterification with propionic acid.
Chem. Eng. Sci. 2008;63(3):587-598. https://doi.org/10.1016/j.
ces.2007.09.023

Abdrakhmanova L.K., Rysaev D.U., Aminova G.K., Mazitova
A K. Clarification of di-(2-ethylhexyl)phthalate plasticizer with an
aqueous solution of sodium hypochlorite. Bashkirskii khimicheskii
zhurnal = Bashkir Chem. J. 2008;15(4):38-40 (in Russ.).
Aleksandrov A.Yu., Krasnykh E.L., Levanova S.V., Glazko I.L.,
Lukina O.D. Development of technology for production of
plasticizers on the basis of trimethylolpropane. Tonk. Khim.
Tekhnol. = Fine Chem. Technol. 2019;14(1):66-74 (in Russ.).
https://doi.org/10.32362/2410-6593-2019-14-1-66-74

Sun L., Zhu L., Xue W., Zeng Z. Kinetics of p-toluene-sulfonic
acid catalyzed direct esterification of pentaerythritol with acrylic
acid for pentaerythritol diacrylate production. Chem. Eng.
Commun. 2020;207(3):331-338. https://doi.org/10.1080/009864
45.2019.1592750

CMNCOK JINTEPATYPbI

1

10.

11.

12.

13.

14.

15.

. Mapouxun JI.B., HockoB IO.I, Kpon TE., Kapuesckas O.I,

Kopneesa I A. IIpogyKTsl OKCOCHHTE3a B IIPOU3BOJICTBE CIOXKHO-
9(HUPHBIX CMa304YHBIX Macell. Hayuno-mexHuuecKuil 6ecmHuK
OAO «HK «Pocneghmoby. 2016;4(45):74-81.

. Akerman C.O., Gaber Y., Abd Ghani N., Limsa M., Hatti-Kaul R.

Clean synthesis of biolubricants for low temperature applications
using heterogeneous catalysts. J. Mol Catal. B-Enzym.
2011;72(3-4):263-269. https://doi.org/10.1016/j.molcatb.2011.06.014

. Knothe G., Dunn R.O., Shockley M.W., Bagby M.O. Synthesis

and characterization of some long-chain diesters with branched
or bulky moieties. J. Am. Oil Chem. Soc. 2000;77(8):865-871.
https://doi.org/10.1007/s11746-000-0138-x

. Serrano-Arnaldos M., Garcia-Martinez J.J., Ortega-Requena S.,

Bastida J., Maximo F., Montiel M.C. Reaction strategies for the
enzymatic synthesis of neopentylglycol diheptanoate. Enzyme
Microb.  Technol. 2020;132:109400. https:/doi.org/10.1016/j.
enzmictec.2019.109400

. Raof N.A., Yunus R., Rashid U., Azis N., Yaakub Z. Palm-based

neopentyl glycol diester: a potential green insulating oil. Protein
Pept. Lett. 2018;25(2):171-179. https://doi.org/10.2174/0929866
525666180122095056

. Kpacupix E.JL., Jlykuna O.[l., Emenssano B.B., [loptaoBa C.B.

JlaBieHnsT HACBILCHHBIX [APOB M OHTAIBINH HCIIAPSHHS
CITOXKHBIX TMI(HUPOB HEONECHTHIIIMKOMS M JIMHSHHBIX KHCIIOT
C,=Cq. Kypn. us. xumuu. 2021;95(10):1458-1463. https://doi.
org/10.31857/S0044453721100137

. CymxoBa C.B., JlesanoBa C.B., I'mazko 1.JI. Unentuduxanus

U KOJMYECTBEHHOE OIpPE/ENCHHE CIOKHBIX 3(HPOB JMMOHHON
KUCTIOTBL. M36. 8y306. Xumua u xum. mexuonozus. 2019;62(10):
110-117. https://doi.org/10.6060/ivkkt.20196210.6036

. Imup P, Canynos B.H. Hegpopmansras kunemuxa. B nouckax

nymeti xumuyeckux peakyuii: ep. ¢ annt. M.: Mup; 1985. 264 c.

. OBesoBa M., Casun I A. CuHTe3 CIOKHBIX d(PUPOB TepMHUE-

CKOH 3TepuUKaLeH. DneKxmpoHHblll HAYUHO-00pA308aMebHbIL
orcypran BI'CITY «I panu nosuanusy. 2021;3(74):66—68. URL:
https://sciup.org/148322077

Vahteristo K., Laari A., Haario H., Solonen A. Estimation of kinetic
parameters in neopentyl glycol esterification with propionic acid.
Chem. Eng. Sci. 2008;63(3):587-598. https://doi.org/10.1016/j.
ces.2007.09.023

Abnpaxmanosa JLK., Pricaes J1.Y., Amunosa I'K., Ma3utoBa A K.
OcBemienne u-(2-oTuarekcu) (ranarHoro miacTudukaropa
BOJIHBIM PaCTBOPOM THITOXJIOPUTA HATPHSL. Bawkupckutl xumuye-
ckuti ocypuan. 2008;15(4):38-40.

Anexcannpos A YO., Kpacusix E.JL., Jlesanosa C.B., I'mazko N.JL.,
Jlykun O.J1. Pa3paboTrka TEXHOIOTMH MPOU3BOJCTBA ILIACTU(H-
KaTOpoOB HA OCHOBE TPUMETUJIONIpONaHa. ToHKue XumuyecKue
mexnonoeuu. 2019;14(1):66-74. https://doi.org/10.32362/2410-
6593-2019-14-1-66-74

Sun L., Zhu L., Xue W., Zeng Z. Kinetics of p-toluene-sulfonic
acid catalyzed direct esterification of pentaerythritol with acrylic
acid for pentaerythritol diacrylate production. Chem. Eng.
Commun. 2020;207(3):331-338. https://doi.org/10.1080/009864
45.2019.1592750

Emenssnos B.B., Kpacubix E.JI., ®etncos /J[.A., Jleanosa C.B.,
[Takyn B.A. OcobeHHOCTH CHHTE3a CIIOKHBIX A(QUPOB IEHTAIPH-
TpuTa U a(aTHIecKux KapOOHOBBIX KHUCIIOT H30MEPHOTO CTPO-
enust. Tonxue xumuyeckue mexronoauu. 2022;17(1):7-17. https://
doi.org/10.32362/2410-6593-2022-17-1-7-17

ArponomoB A.E. U3Opannvie enasvl opeanuyeckou xumuu. M.:
Xumwst; 1990. 560 c.

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(1):28-38 37


https://doi.org/10.1016/j.molcatb.2011.06.014
https://doi.org/10.1007/s11746-000-0138-x
https://doi.org/10.1016/j.enzmictec.2019.109400
https://doi.org/10.1016/j.enzmictec.2019.109400
https://doi.org/10.2174/0929866525666180122095056
https://doi.org/10.2174/0929866525666180122095056
https://doi.org/10.1134/S0036024421100137
https://doi.org/10.1134/S0036024421100137
https://doi.org/10.31857/S0044453721100137
https://doi.org/10.6060/ivkkt.20196210.6036
https://doi.org/10.6060/ivkkt.20196210.6036
https://sciup.org/148322077
https://doi.org/10.1016/j.ces.2007.09.023
https://doi.org/10.1016/j.ces.2007.09.023
http://A.Yu
https://doi.org/10.32362/2410-6593-2019-14-1-66-74
https://doi.org/10.1080/00986445.2019.1592750
https://doi.org/10.1080/00986445.2019.1592750
https://doi.org/10.1016/j.molcatb.2011.06.014
https://doi.org/10.1007/s11746-000-0138-x
https://doi.org/10.1016/j.enzmictec.2019.109400
https://doi.org/10.1016/j.enzmictec.2019.109400
https://doi.org/10.2174/0929866525666180122095056
https://doi.org/10.2174/0929866525666180122095056
https://doi.org/10.31857/S0044453721100137
https://doi.org/10.31857/S0044453721100137
https://doi.org/10.6060/ivkkt.20196210.6036
https://sciup.org/148322077
https://doi.org/10.1016/j.ces.2007.09.023
https://doi.org/10.1016/j.ces.2007.09.023
https://doi.org/10.32362/2410-6593-2019-14-1-66-74
https://doi.org/10.32362/2410-6593-2019-14-1-66-74
https://doi.org/10.1080/00986445.2019.1592750
https://doi.org/10.1080/00986445.2019.1592750
https://doi.org/10.32362/2410-6593-2022-17-1-7-17
https://doi.org/10.32362/2410-6593-2022-17-1-7-17

Kinetic regularities of neopentyl glycol esterification D.S. Chicheva,
with acetic and 2-ethylhexanoic acids E.L. Krasnykh, V.A. Shakun

14. Emelyanov V.V., Krasnykh E.L., Fetisov D.A., Levanova S.V.,
Shakun V.A. Features of the synthesis of pentaerythritol esters
and carboxylic acids of aliphatic isomeric structure. Tonk. Khim.
Tekhnol. = Fine Chem. Technol. 2022;17(1):7-17 (Russ., Eng.).
https://doi.org/10.32362/2410-6593-2022-17-1-7-17

15. Agronomov A.E. Izbrannye glavy organicheskoi khimii (Selected
Chapters of Organic Chemistry). Moscow: Khimiya; 1990. 560 p.
(in Russ).

About the authors

Daria S. Chicheva, Master Student, Samara State Technical University (244, Molodogvardeiskaya ul., Samara, 443100, Russia). E-mail:
dasha00529@gmail.com. https://orcid.org/0000-0002-3243-5346

Eugen L. Krasnykh, Dr. Sci. (Chem.), Professor, Head of the Technology of Organic and Petrochemical Synthesis Department, Samara
State Technical University (244, Molodogvardeiskaya ul., Samara, 443100, Russia). E-mail: ekras73@mail.ru, kinterm@samgtu.ru.
Scopus Author ID 6602271562, ResearcherID 1-6314-2013, RSCI SPIN-code 4691-1955, http://orcid.org/0000-0002-3886-1450

Vladimir A. Shakun, Cand. Sci. (Chem.), Associate Professor, Technology of Organic and Petrochemical Synthesis Department, Samara
State Technical University (244, Molodogvardeiskaya ul., Samara, 443100, Russia). E-mail: shakyh@mail.ru, kinterm@samgtu.ru.
Scopus Author ID 56829536300, RSCI SPIN-code 5091-8110, http://orcid.org/0000-0003-2682-3024

06 aBTOpax

Yuuena lapbs CepreesHa, maructpant, PI'bOY BO «Camapckuii rocynapcTBeHHBINH TeXHHUECKuit yHuBepcuTe (443100, Poccns,
r. Camapa, yn. Mononorsapaeiickas, 1. 244). E-mail: dasha00529@gmail.com. https://orcid.org/0000-0002-3243-5346

Kpacnbix EBrenuii JleonnaoBuy, 1.X.H., mpodeccop, 3aBenyrommuii kageapoit « TeXHOIOrust OpraHHYeckoro U HeTeXUMUIECKOTO CHH-
Te3an, DI'BOY BO «Camapckuii rocynapcTBeHHbIN TexHuueckuil yausepeuret» (443100, Poccus, . Camapa, yn. Mononorsapaeiickas,
1. 244). E-mail: ekras73@mail.ru, kinterm@samgtu.ru. Scopus Author ID 6602271562, ResearcherID 1-6314-2013, SPIN-kox PUHI]
4691-1955, http://orcid.org/0000-0002-3886-1450

laxkyn Bragumup AnapeeBud, K.X.H., JOIEHT, Kadenpa « TexHOIOrus opraHu4eckoro 1 HerexuMuueckoro cuuresa», @I'OY BO
«Camapckuii rocyapcTBeHHbIH TexHudeckuil ynusepcurer» (443100, Poceus, . Camapa, yin. Mononorsapaeiickas, a. 244). E-mail:
shakyh@mail.ru, kinterm@samgtu.ru. Scopus Author ID 56829536300, SPIN-kox PUHII 5091-8110, http://orcid.org/0000-0003-2682-
3024

Translated from Russian into English by M. Povorin
Edited for English language and spelling by Dr. David Mossop

38 Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(1):28-38


mailto:dasha00529@gmail.com
https://orcid.org/0000-0002-3243-5346
mailto:ekras73@mail.ru
mailto:kinterm@samgtu.ru
http://orcid.org/0000-0002-3886-1450
mailto:shakyh@mail.ru
mailto:kinterm@samgtu.ru
http://orcid.org/0000-0003-2682-3024
mailto:dasha00529@gmail.com
https://orcid.org/0000-0002-3243-5346
mailto:ekras73@mail.ru
mailto:kinterm@samgtu.ru
http://orcid.org/0000-0002-3886-1450
mailto:shakyh@mail.ru
mailto:kinterm@samgtu.ru
http://orcid.org/0000-0003-2682-3024
http://orcid.org/0000-0003-2682-3024
https://doi.org/10.32362/2410-6593-2022-17-1-7-17

	ТХТ_цвет_1_2024_ENG1

