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Objectives. The intensification of modern large-tonnage Russian technologies requires a deep
investigation into the theoretical foundations of these processes and searching for ways that
would significantly reduce the time and cost of their development, as well as to ensure the access
of high-quality products on the world market. The aim of the work was to study the options
regarding technological changes in the process of obtaining cyclohexanone at two stages: 1) oxidate
(cyclohexane oxidation product after the stage of neutralization and removal of the main amount of
unreacted cyclohexane) saponification and 2) end product rectification. The changes should ensure
the high quality of the product without requiring significant energy and investment costs.
Methods. Studies of heterophase alkaline hydrolysis with NaOH solutions were carried out at
30-80 °Cin the presence of and without a phase transfer catalyst (PTC) (saponification conditions
in the industry are 70 °C). The homophase process was studied in the presence of KOH at 120 °C
(industrial conditions for raw cyclohexanone rectification are 90-130 °C) on artificial mixtures
based on industrial samples of the oxidate with the addition of model substances (oxygen-
containing impurities with a main substance content of no less than 95%). Analysis of the initial
and obtained products was carried out using gas-liquid chromatography and chromatography-
mass spectrometry.

Results. The totality of the obtained data provides theoretical justification for the fact: 50-
70% of esters and unsaponifiable impurities can be removed by using heterophase alkaline
saponification in industrial environments. The post-treatment of crude cyclohexanone by
rectification in the presence of KOH decreases the ester number by a factor of 3—-5, however, the
number of cyclohexanone condensation products in the bottom sharply increases. The amount
of these substances varies from 10 to 20 kg/t of cyclohexanone depending on compliance with
the conditions. In the presence of PTC, the conversion of esters at the saponification stage is
95-100%, aldehydes 100%, and unsaturated ketones 80%.

Conclusions. If the proposed technology for saponification in the presence of PTC is adopted
there will be no need to use an alkali during the process of cyclohexanone rectification. This
makes the process more stable, reduces the losses of cyclohexanone, reduces the amount of tars,
and normalized indicators of cyclohexanone quality are attained.
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HoBble TexHOJIOTHYECKHE pelIceHUs B IIPOU3BOJACTBE HUKJIOTICKCaAaHOHA

BBICOKOI'0 Ka4e€CTBAa

C.B. AeaHoBa“, E.A. MapTbhIHeHKO, A.A. MopryH, H.A. Taa3ko, A.B. CoxoaoB
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Ienu. HnmeHcugurkayus co8pemeHHblX MHOZ0MOHHAXKHBIX OmeuecmeeHHbLX MmexHO02Ull
mpebyem anybokoili npopabomKu meopemuuecKux 0CHO8 Imux npoyeccos u noucka nymet,
Komopble no38oAunU Obl CYUECMBEHHO COKPAMUMb CPOKU U 3ampambsl HO UX OC8OEHUEe U
obecneuums 8blxX00 HO MUPOBOTL PLIHOK NPOOYKYUU 8blcoK020 Kauecmea. Lleno pabomul 3a-
KAIOUANACH 8 UCCe008AHUU 8APUAHMOE8 MEXHOJ02UUeCKUX U3MeHeHUll npoyecca noayue-
HUSL YUKJI02eKCAHOHA HA CMAaodusiX OMblIeHUsl okcuoama (npooyKkma OKUCIeHUSl YWUKI02eKCaHA
nocsie 0mzoHKU 0CHOBHOU uacmu Henpopeazuposasuiezo YUKI02eKCaHa) U peKmugpuKkayuu ye-
71e8020 npodyKma, obecneuusarouux e2o 8blCOKoe Kauecmeo, He mpebyroujux 3HaUUmestbHbLX
9HepeemuUecKux U UHBECMUYUOHHBLLX 3ampam.

Memoowt. HccnedosaHus zemepodpasHozo ueouH020 2udpoausa e00Hbimu pacmaopamu NaOH
npoeodunu 8 uHmepsanie memnepamyp 30-80 °C e npucymemeuu u 6e3 kamaauzamopa meiK-
¢asHozo nepeHoca (KM®PII) (pexxum ombinerus 8 npomvliuuneHHoecmu 70 °C); eomogpasHulil npo-
uecc usyuanu 8 npucymemeuu KOH npu memnepamype 120 °C (npombliunieHHbLI pesxum pek-
mugurayuu yurnozexcaHora-colpya 90-130 °C) Ha UCKYCCMBEHHBLX CMECIX, COCMABIEHHbBLX
HQ OCHOB8E NPOMbLUIEHHbIX 00pa3yos okcudama ¢ 0obasnieHuem Mo0eslbHblX eeuiecms (Kuc-
J10po0codeprKauux npumeceti ¢ cooepKaHuem OCHO8HO20 seujecmaa He meHee 95%). Ananus
UCXOOHBLX U NONYUEHHBLX NPOOYKMO8 NPOBOOUNU C UCNOb308AHUEM 20.30-2KUOKOCMHOU XpOoMa-
mozpaguu U Xpomamo-macc-CneKmpomempuu.

Pesynemamet. CogoKynHocms noAyueHHblx OaHHbLX daem meopemuueckoe 060CHO8AHUE pe-
aneHoOMYy haKmy: npu 2emepopasHoOM ULESIOUHOM OMBLIEHUU 8 NPOMBLULIEHHBIX YCA08USIX
CIOJKHbBlEe 9¢hupbl U HeoMblasiemble npumecu mozym bbime yoanenol Ha S50-70%. /Joouucmra
Cblp020 YUuKN02eKCaHOHA npu pexkmugurayuu 8 npucymemeuu KOH e 3-5 pas ymeHbwaem
agpupHoe uucno, 00HaKo 8 Kybe pes3ko sospacmaem Koauuecmeo npooykmoe KOHOeHCAyUU Yu-
KJ102eKCAHOHA, KOMOopoe 8 3a8UCUMOCTU OmM COb00eHUs. peskumos kKonebnemest om 10 0o 20 kz2/m
yurnozekcaHoHa. B npucymemeuu KM®PII koHeepcusi 9¢pupo8 Ha cmaodull OMblLIeHUsL COCmas-
assem 95-100%, anvoezudog 100%, HenpedenvbHblx kemoHog 80%.

Baxnrouenue. B cryuae eHeOpeHUsl NPEeON0IKEHHOU MexXHON02UU OMbLIEeHUSL okcuoama 8 npu-
cymemeuu KM®PIT omnadaem HeobXo0umocmes UCNONb308AHUSL ULEI0UU 8 npoyecce pekmugu-
KAUUU Cblp0o20 UUKI02EKCAHOHA, Umo desaem npouecc bosiee cmabunbHbiM, COKPAULAOMCSL NO-
mepu YuK102eKCAHOHA, YMEeHbULAEMC ST KOAUUeCma8o CMOL U 00CMU2ArOmMesi HOPMUPOBAHHbLE
nokasameau Kauecmaea YUuK/i02eKCaHOHA.

Knroueeanble cnoea: KanpoiaKmam, YUKa02eKCaHOH, OUUCIIKA, NPUMECU, MEXGPA3HBLIL Kamaaus.

Jlna yumuposanus: Jlesanosa C.B., Mapteiaenko E.A., Mopryn A.A., I'maszko N.JI., CokxonoB A.b. HoBble TexHOIIOTHUECKHE
pelleHus B IPOU3BOJCTBE LIUKJIOTEKCAaHOHA BBICOKOIO KauecTBa. Jomkue xumuyeckue mexuonoauu. 2019;14(5):7-20. https://doi.

org/10.32362/2410-6593-2019-14-5-7-20
Introduction

The intensification of modern large-tonnage
Russian technologies requires an in-depth study of
the theoretical basis of these processes, as well as a
search for methods that would allow for a considerable
reduction in the time and costs of their development
and allow high-quality products to enter the world
market [1-3].

The complexity of the situation regarding the
production of caprolactam is that, as we know, when

oxidizing cyclohexane, a large amount (more than
50) of oxygen-containing compounds (saponifiable
and non-saponifiable) belonging to different classes
and having different reactivity are formed. These are
aldehydes, alcohols, ketones, peroxides, carboxylic
acids, as well as their aliphatic and cyclohexyl esters
[4-7].

The state of cyclohexanone and caprolactam can
be evaluated by generally accepted quality indicators,
which while rather sensitively, yet conditionally,
indicate the presence of impurities of another
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chemical nature. This is the permanganate index (PI)
— an indicator of cyclohexanone and caprolactam
quality characterizing the content of easily
oxidizable compounds in the target product. For
rectified cyclohexanone that meet the requirements
of international standards, the permanganate index
should be no more than 20 units' [2]. The quality
of marketable caprolactam (PI: 4-5 units) directly
depends on the quality of cyclohexanone. The
purification of the latter in the production process
has been attracting the attention of chemists and
technology experts from around the world over the
course of several decades with varying degrees of
success [2, 8-21].

The Russian industrial production of cyclo-
hexanone includes several successive stages to purify
the oxidate obtained by cyclohexane liquid-phase
oxidation in the presence of cobalt naphthenate:
aqueous or aqueous-alkaline washing to remove
acids, saponification (hydrolysis) of esters, and
rectification of crude cyclohexanone in the presence
of potassium hydroxide (0.01-1% wt. per reaction
mass). The main disadvantage of the industrial
purification methods is the lack of stable indicators
and of control of the resulting high-boiling by-
products, as well as high alkali consumption and the
loss of the target product [2].

We have provided reasons about the possible
options to make changes at the stage of oxidate
saponification and cyclohexanone rectification to
ensure its high quality. The suggested changes are
based on an analysis of the available literature, from
our previous studies [2, 3, 14, 17-19] and results
obtained in this work. These changes do not require
significant power consumption and investment
expenditures.

Materials and Methods

An industrial sample of the reaction mass from
the cyclohexane oxidation process obtained after the
neutralization stage and removal of the basic amount
of unreacted cyclohexane was used for the study,
% wt.: cyclohexane — 38.8; cyclohexanone — 35.5;
cyclohexanol — 24.0; impurities — 1.7.

The following compounds were chosen as
models for the study: hexanal and cyclohexen-2-one
asresearch objects among aldehydic and unsaturated/
carbonyl impurities, respectively; dibutyl adipate
(DBA) and dicyclohexyl adipate (DCHA), among
other compounds. The latter was chosen as an ester
that is most difficult to saponify.

IState Standard GOST 26743.7-86. Caprolactam. Method for
determination of permanganate index. Moscow, Standartov
Publ., 1981. 6 p. (in Russ.).

Dibutyl adipate (DBA) of at least 96% wt. purity
produced by Acros Organics is a colorless transparent
liquid, bp = 305 °C, p* =0.965 g/cm’.

Dicyclohexyl adipate (DCHA) was obtained by
the esterification of adipic acid (analytical grade) with
cyclohexyl alcohol (chemically pure). The resulting
product is a white powder, mp = 35.5 °C, bp = 324 °C,
p* = 1.037 g/cm’. The purity of the obtained ester
was at least 99.8% according to GLC.

Cyclohexen-2-ol was synthesized by cyclo-
hexene bromination with N-bromosuccinimide
followed by saponification with sodium bicarbonate
according to the procedure [22]. The final product
was of more than 85% wt. purity according to GLC,
bp = 164-165 °C.

Cyclohexen-2-one and hexanal manufactured
by Sigma-Aldrich were of at least 95.0 and 98.0%
wt. purity, respectively.

The phase transfer catalyst, trioctylmethyl-
ammonium chloride (trade name: Aliquat-336)
produced by Acros Organics, is a heavy, viscous,
colorless liquid of more than 97.0% purity.
Potassium and sodium hydroxides used in the work
were chemically pure and of an analytical grade,
respectively.

Artificial mixtures based on industrial samples
of the oxidate with the addition of the studied objects
in the temperature range of 30-90 °C (temperature
close to the conditions of the saponification stage)
in the presence of and without the phase transfer
catalysts (PTC) were used in the studies.

The oxidate was analyzed chromatographically.
The oxidation products were identified by chroma-
tography-mass spectrometry. Analysis conditions:
Shimadzu GCMS QP2010 Ultra apparatus, DB-1ms
capillary column, 30 m X 0.25 mm; temperature
control mode: 60 °C (5 min) — 10 °C/min — 260 °C;
carrier gas: helium; split injection 1/100. The
majority of impurities in the oxidate were identified
on the basis of mass spectra available in the NIST
database [23], while other components were
identified according to the rules of molecular ion
fragmentation [24].

Results and Discussion

The alkali-catalyzed hydrolysis of esters is
irreversible. Due to this, it is widely used in industrial
organic synthesis. Most esters are water-insoluble.
So, hydrolysis with aqueous solutions of alkalis in a
two-phase system proceeds very slowly, especially in
the case of dicyclohexyl esters of dicarboxylic acids
(5, 25].

The stage of ester saponification with 5-20%
aqueous alkali solutions is as follows:
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O 0
%R% 4+ 2NaOH ——>

RO OR'

As shown by studies of industrial samples, esters
can be removed at the saponification stage by only
50-70%, indicating its low efficiency. The non-
catalytic reaction in the heterophase aqueous alkaline
system has limitations due to the limit of the substrate
solubility in the aqueous phase, which is inversely
proportional to the concentration of the alkaline
solution used [26]. It was assumed that the effect of
the substrate dissolution in water-alkaline reactions

Na O

(0] O
R—( + 2R'OH (1)
ONa

increases, which is fundamental for intensifying the
process in a perfect mixing reactor. We considered
several options for a possible solution to the problem.

1) Changing the process’s temperature conditions

It was shown in [17] that increasing the
saponification temperature allows esters to be
removed more completely. However, this results in the
formation of cyclohexanone condensation products:

(o]
O o)
i + O
OH
2 —> — —> Tars 2
-H,0 -H,0

It was established that as the temperature
increases from 30 to 120 °C, the amount of condensation
products (tars) increases 10-fold.

An increase in temperature results in the
need to carry out the process under pressure. This
requires a change in the implementation process and,
accordingly, high capital costs.

2) Reaction medium homogenization

The transition from a heterophase system to a
homophase system when carrying out the process in
a water-alcohol alkali solution results in a significant
increase in the esters’ hydrolysis rate even at lower
temperatures (0—20 °C). The rate constants increase
by 2-3 orders of magnitude [17]. So, the time to
attain a 95% conversion of dicyclohexyl adipate
(DCHA) in the case of heterophase hydrolysis is 6
hours, and in the case of homogeneous hydrolysis, 1
min. However, a disadvantage of this method is the
use of a solvent for homogenization, which results
in a change in the current technology and significant
costs for the solvent’s regeneration. Therefore, it is
necessary to look for other ways of intensifying the
process.

3) Using phase transfer catalysts
Phase-transfer catalysis is known to be a

recognized method of intensifying heterophase
processes including the saponification of esters [27,
28]. Our studies have shown [17] that the greatest
increase in esters’ hydrolysis rate was observed
when using trioctylmethylammonium chloride
[N(C,H,),CH,]Cl (TOMAC) as a catalyst. In the
concentration range of 0.2—-1.4% wt. (optimally 0.5%
wt.) it can be attributed to the class of phase-transfer
catalysts not blocking the phase interface. When
increasing concentration to more than 1.5% mass., tarring
is observed. Using PTC increases the rate of esters’
hydrolysis: the time to attain a 95% conversion of
dicyclohexyl esters is 2 hours versus 6 hours in a
non-catalytic process; the quantitative conversion
of dibutyl adipate (DBA) is achieved in just a few
minutes.

As mentioned above, the oxidate contains
unsaponifiable impurities in addition to saponifiable
products: about 6% mass. of the total amount of
impurities. Among these, 3.1% are compounds
containing an aldehyde group, 1.5% are compounds
containing a keto group, 1.1% are hydrocarbons,
and 0.1% are unsaturated compounds [18]. Under
the conditions of nucleophilic catalysis, all of these
compounds, except hydrocarbons, can theoretically
undergo condensation and disproportionation

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2019;14(5):21-30

24



Svetlana V. Levanova, Evgeniya A. Martynenko, Alena A. Morgun, Ilya L. Glazko, Alexander B. Sokolov

reactions forming high-boiling by-products. The
latter should be removed from crude cyclohexanone.

In [18], competing condensation reactions
of cyclohexanone with unsaponifiable impurities
were studied on model systems close to industrial
conditions.

The studies were carried out under the conditions
of heterophase alkaline hydrolysis with aqueous
NaOH solutions in a temperature range of 30-80 °C in
the presence of and without PTC (saponification mode
is 70 °C), and also under homophase conditions in
the presence of KOH at 120 °C (crude cyclohexanone
rectification mode is 90—130 °C).

O]
| H
OH"
+ H3CMO —

The results obtained allow us to draw the
following conclusions:

— Linear aldehydes with a boiling point of 75-130 °C
interact with cyclohexanone (reaction 3) under the
conditions of alkaline catalysis with a conversion of 30—
40% in the temperature range of 30-70 °C (saponification
mode). In the presence of a PTC, the rate increases 2-fold,
and the conversion reaches more than 80%.

— Unsaturated cyclic ketones behave similarly. Due
to the presence of an active carbonyl group they interact
with cyclohexanone at 50—70 °C. In the presence of a PTC
at 70 °C, the reaction proceeds almost quantitatively
(reaction 4).

4 Ho O

(0] 0 (0]
é : b — &

The totality of the data obtained provides a
theoretical justification for one fact: esters and
unsaponifiable impurities cannot be completely
removedunder the conditions of oxidate saponification
without a PTC. The oxidate PI before saponification
is 350—400 units; after saponification, 80—-130 units.

The further purification of crude cyclohexanone
under industrial conditions is carried out by
rectification in a plate column in the presence of
potassium hydroxide (up to 1% wt. per reaction
mass) at 90-130 °C (average temperature in the
column). The reaction mixture residence time in the
column is 2-2.5 hours. As shown in [14, 19, 29], the
purity of crude cyclohexanone during rectification
without alkali is 99.7-99.8%, the PI remains at a
level of 80—100 units, and the content of readily
oxidizable impurities averages (0.3—0.5)-10~° mol
of ester groups/g. If the alkali solution is supplied
to the rectification column simultaneously with
the feed in an amount equivalent to the content

of readily oxidized impurities, then the PI will
decrease to 10-20 wunits, and the ester number

-y -

will decrease 3-5-fold (0.1-0.3)-10° mol of ester
groups/g). However, the quantity of cyclohexanone
condensation products — its dimers and trimers
— dramatically increases in the rectifying still (up
to 20-50 kg/t). Cyclohexanone dimers appear
in the distillate and reduce the concentration of
marketable cyclohexanone to 99.1-99.4%. To obtain
normalized quality indicators, it is required to install
an additional package or an additional rectification
column [29]. However, in this case one will have
to put up with the constant formation of heavy
products. Their amount depends on compliance with
rectification indicators (temperature, supplied alkali
amounts, and hydrodynamic regimes in the column)
and varies from 10 to 100 kg/t of cyclohexanone.

As the problem analysis shows, using PTC
opens up a real opportunity to optimize the
saponification stage, and there is no need to change
the implementation process [18].

During the course of this study, a control
experiment was carried out at the industrial oxidate
saponification stage in the presence of and without a
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PTC under the recommended conditions on the basis
of kinetic studies [18]. The GLC and GC-MS analyses
of reaction masses were performed before and after
hydrolysis. The results are presented in the table. It

can be seen that the conversion of esters including
those difficult to saponify is 95-100%, aldehydes —
100%, and unsaturated ketones — 80%. In this case,
rectification can be carried out without alkali.

Results of the oxidate analysis before and after alkaline hydrolysis of esters

under the conditions of phase-transfer catalysis

Concentration*, %
No. Compound name - -
Before hydrolysis | After hydrolysis

1 | Ethanoic acid propyl ester 0.51 0.00
2 | Methylcyclohexane 1.38 0.82

3 | Ethylcyclopentane 0.39 0.40
4 | 1-Pentanol 11.90 12.36
5 | Toluene 1.03 1.14
6 | Cyclopentanol 2.00 2.64
7 | Hexanal 8.19 0.00
8 | 1,2-Epoxycyclohexane 4.58 1.49
9 | 2-Cyclohexen-1-one 3.33 0.00
10 | Methanoic acid cyclohexyl ester 0.39 0.00
11 | Hexanoic acid 0.43 0.00
12 | 1,5-Pentadiol 3.01 1.19
13 | Ethanoic acid cyclohexyl ester 1.01 0.00
14 | 1,2-Cyclohexanediol 4.00 3.97
15 | 1,3-Cyclohexanediol 7.53 3.13

16 | 2-Ethylidenecyclohexanone 0.74 1.20
17 | Propanoic acid cyclohexyl ester 1.23 0.00
e e e
19 | Pentanoic acid cyclohexyl ester 0.66 0.00
20 | Hexadial-1,6 2.52 1.86
21 | Pentanoic acid cyclohexyl ester 4.19 0.00
22 | Hexylcyclohexyl ether 0.62 0.57
23 | Dicyclohexyl ether 6.45 6.70
24 | Hexanedioic acid pentyl ester 0.62 0.00
25 | Hexane acid cyclohexyl ester 0.83 0.00
26 | 2-(1-Hydroxy-1-hexyl)cyclohexanone 13.74 7.70
27 | 2-Cyclohexenylcyclohexanol 0.72 2.82
28 | [1,1’-Bicyclohexyl]-2-one 1.22 0.96
29 | Pentanedioc acid cyclohexyl ester 1.37 0.00
30 | 2-Cyclohexylidenecyclohexanone 0.74 2.15
31 | 1,5-Octahydro-4a-methylnaphthalenedione-1,5 1.48 2.13
32 | Cyclopentanecarboxylic acid pentyl ester 1.08 0.00
33 | Butanedioic acid dicyclohexyl ester 1.79 0.00
34 | 1’-Hydroxy-[1,1’-bicyclohexyl]-one-2 0.92 40.42
35 | 1,2’-Dihydroxy-[1,1’-bicyclohexyl] 1.16 0.00
36 | Bicyclohexyl-2,3’-dione 0.62 1.01

37 | Cyclopentanecarboxylic acid cyclohexyl ester 1.27 0.00
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Table. Continued

Concentration®, %
No. Compound name : :
Before hydrolysis | After hydrolysis
2.41 5.33
39 | Hexanedioic acid dibutyl ester 1.28 0.00
40 | Hexanedioic acid dicyclohexyl ester 2.01 0.00
X 100.0 100.0
* The content is presented as a percentage of the total impurity content equal to 1.7%.
Cyclohexane for  Cyclohexane for
recycle recycle Alcohol
NaOH fraction
solution > ROH
Oxidate Cyclohexanone
N“QH rectified
solution

+ PTC

Carboxylate salts

Cyclohexanol
rectified

Raw
cyclohexanol
Tars

Scheme of an industrial process for cyclohexanone isolation and purification
with the suggested optimization options.

The Figure shows a block diagram of an
industrial process for cyclohexanone isolation
and purification with the suggested optimization
options at the oxidate saponification and crude
cyclohexanone rectification stage.

After cyclohexane oxidation, the oxidate goes
to the neutralization stage, where it is mixed with
an aqueous alkali solution in a cascade of mixing
apparatuses (item 1) at a temperature of 140—160 °C
and a pressure of 1.3—1.65 MPa. The neutralization
of organic acids and the partial hydrolysis of esters

occur. Next, the organic layer enters the distillation
column (item 2), where the bulk of the unreacted
cyclohexane is distilled off. The distillation residue
enters a cascade of apparatuses with stirrers
(saponification reactors), where an aqueous solution
of alkali with added PTC is supplied (item 3). The
temperature in the reactors rises sequentially from
60 °C, and in the last reactor it reaches 90 °C. Under
these conditions, the quantitative decomposition of
non-readily saponifiable esters and the condensation
of saturated and unsaturated aldehydes occur. After

Toukue xuMmudeckue texHosoruu = Fine Chemical Technologies. 2019;14(5):21-30

27



New technological solutions in the production of high quality cyclohexanone

saponification, the organic layer is sent to column 4
for residual cyclohexane removal. Along with other
by-products, the reaction mixture contains alcohols:
amyl alcohol, butyl alcohol, cyclopentanol, ketones,
etc. (the alcohol fraction). They are distilled off in
column 5 (a top pressure of no more than 0.01 MPa,
the top temperature of the column is no more than
160 °C).

Distillation columns 6 and 7 are designed for
the separation of cyclohexanone (bp = 155 °C) and
cyclohexanol (bp = 160 °C). It was suggested on the
basis of the study results to exclude alkali supply to
column 6. Columns 6 and 7 operate under a vacuum
at a column top pressure of no more than 10 kPa and
6.67 kPa, respectively. For rectified cyclohexanone
distillation, the column’s top temperature is no more
than 90 °C, and the rectifying still temperature is no
more than 125 °C. In column 7, rectified cyclohexanol
is separated from high-boiling components (tars).
The column’s top temperature is 74—88 °C, and the
rectifying still temperature is no more than 175 °C.

Conclusions

On the basis of the analysis, relevant Russian
and foreign information, and our own research it
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Aeeanoea CeemnaHa BacunveeHa, 10KTOp XUMUYCCKHX Hayk, mpodeccop kadeapsl « TeXHOIOTHSI OPraHHUECKOTO
u Heprexumuueckoro cuaresan OGI'BOY BO «Camapckuii rocynapcTBeHHbIN TeXHUYeCKuid yHuBepcutet» (443100, r. Camapa, yi1.

Mononorsapaeiickas, 1. 244).
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TexHoJorus nepepadotku HepT u razay GI'BOY BO «Camapckuii rocynapcTBEeHHbIH TeXHHUECKUI yHUBEepeuTeT» (443100, T

Camapa, yi1. MonogorBapeiickas, 1. 244).

Mopayn Anena AnexcanopoeHa, MaruCTPaHT, nrkeHep Kadeapsl « TEXHOIOTHS OPraHUYECKOTO U HE(PTEXUMHIECKOTO
cunresa»y GI'BOY BO «Camapckwii rocyaapcTBeHHbIH TexHuueckuil yauepeute» (443100, . Camapa, yi. Monogorsapeiickas,

1. 244).
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I'nasxo Hnest AeoHudoeuu, KaHIuIaT XUMHIECKUX HayK, JOIEHT Kadeapsl « TeXHOJIOrHs OpraHudecKoro u Hedre-
xumudeckoro curreza»y OI'BOY BO «Camapckuii rocyapcTBeHHbIN TexHnYeckuid yHuBepcute™ (443100, . Camapa, yi1. Moo-
JorBapeickas, . 244).
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MononorBapaeiickas, 1. 244).
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