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IMPROVEMENT OF THE CYCLOHEXANE
OXIDATION PROCESS

Posensinymo cnocib yoockonaienms npoyecy piokopasnozo oKUcCHenHs yukiozexcany. Bcmamnoeaeno
NO3UMUBHUI 6NAUE KUCHesMicHoi dobasku — Bic-2 yianemuiosozo emepy — Ha 0CHOBHI MEXHIKO-€KO-
HOMIUHT NOKA3HUKU NPOUECY — KOHBEPCII0 CUPOBUHU, CEACKMUBHICTb 3a NPOOYKMAMU OKUCHEHHS Ma
CNIBBIOHOULEH IS ULIHOBUX NPOOYKMIE. []0CIIONCEnO ONMUMALbHE CNIBEIOHOUEHHA KOMNOHEHMIE OTHAPHOT
Kamaximuunoi cucmemu. 3anpononosano KOMNIeKCHUL Memoo GUKOPUCMAHHS NPOOYKMIE OKUCHEHHS.
UUKTI0ZEKCANY WLISAXOM YMULISAUTLT 00epHCAnux noOTUHUX KUCIOM eCMepUu@iKayicio ix 3i cnupmami.

Kmiovosi cnosa: oxucHenns yukiozexcany, Kuchesmicna 0obaexa, 6inapna Kamaimuuna cucmemda,

KOMBEPCist CUPOBUHU.

1. Introduction

Processes of homogeny-catalytic oxidation of hydro-
carbons have important role in industry. Among those
processes is oxidation of cyclohexane (CH) that results
in obtaining of raw materials for manufacturing of polya-
mide fibers. Aim-products of CH oxidation are cyclohexa-
nole (COL), cyclohexanone (CON), and cyclohexyl hydro-
peroxide (CHHP) that on later stages decomposes into
COL and CON. Main by-products during CH oxidation
are ethers, main quantity of which is dicyclohexyl adipi-
nate, and acids, mainly, — adipic acid. Another important
index of the process is ratio of aim-products CON/COL.
Increase of CON quantity allows to increase production
of valuable monomer — caprolactame.

Industrial processes of CH oxidation in the presence
of catalyst — cobalt naphthenate — have certain features,
among which — low indexes of selectivity for aim-products
and low indexes for conversion of raw material. All of
mentioned cause high energy consumption of production,
mainly due to recirculation of unreacted raw material.
Another important problem is inefficient use of by-pro-
ducts, that are mainly burned, and this causes increase
of spending coefficients of manufacturing.

One of the ways of dealing with such problems is
creation of technology of complex use of oxidation by-
products based on new effective catalytic systems that
allow increasing of selectivity of the process. Promising
direction is research of catalytic systems based on or-
ganic salts of metals of variable valence (MVV) and their
modification by additives with different nature. This is
why task of creation of more effective catalytic systems,
that allow increasing of technical-economical indexes of
the processes, remains actual.

2. The ohject of research
and its technological audit

Object of following research is process of CH oxidation.
One of the most problematic spots in this process is low
numbers of conversion of raw material and low selectivity
of aim-products under conversions higher than 4 %. One
of the main reasons for this is lack of modern effective
catalytic systems that could increase mentioned indexes.

Successful direction in search of effective catalysts
for CH oxidation is creation of binary catalytic systems
that consist from active oxygen-containing additives and
industrial catalyst — cobalt naphthenate. For research was
used oxygen-CN-containing compound — bis-2 cyanoethyl
ether (TC of Ukraine 6-09-3583-74), general chemical for-
mula: O(CH,CH3,CN),, shortened name — CEE.

For identification of features of impact of mentioned
oxygen-containing additive, as a part of binary catalytic
system, at CH oxidation process was made technological
audit, with purpose of determination of raw material con-
version, selectivity for aim products and ratio for created
compounds.

Research was made at laboratory installation of CH
oxidation, reactor of which was used under high tem-
peratures and pressures and is made from steel AISI 430.

Scheme of experimental laboratory installation is shown

in Fig. 1.
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Fig. 1. Autoclave installation for cyclohexane oxidation:

1 — reservoir with oxygen; 2 — reducer; 3, 4, 14 — valves; 5 — reactor
for cyclohexane oxidation; 6 — thermocouple; 7 — capillary for oxygen;
8 — magnetic mixer; 9 — oil shell and electrical heater;

10 - control-measuring instrument OVEN TRM-1; 11 — shell-and-tube
heat exchanger; 12 — manometer; 13 — flowmeter for measurement
of oxygen consumption
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Installation works in following way. Technical oxygen
from reservoir 1 through reducer 2 and valve 3 comes
in reactor 5. Reactor contains previously loaded 100 ¢cm?®
of CH. Heat is provided by electrical heater 9. Process
of oxidation starts after reaching of needed technologi-
cal indexes (temperature — 418 K, pressure — 1.0 MPa)
in reactor.

Stable temperature regime is supported by silicone oil
in shell of reactor. Reaction mixture is stirred by magnetic
mixer and by intense bubbling of oxygen through capillary 6.

Temperature in reactor is measured by chrome-kopel
thermocouple ChK-68 (Ukraine) 7 and is registered by
control-measuring instrument OVEN TRM-1 (Ukraine) 10.
Pressure in system is measured by manometer 12, and gas
consumption at the exit from system by flowmeter 13.

Steam condensation is provided by return shell-and-pipe
heat exchanger 11 with water cooling. Probe for analysis
was taken with opened valve 4 and closed valve.

During process probes are periodically sampled for analy-
sis of concentration of main products of liquid phase CH
oxidation: CHHP, COL, CON, adipic acid (AA), and dicyc-
lohexyl adipinate (DCA). Concentrations of CH oxidation
by-products (CO, CO», lower dicarbonic and monocarbonic
acids, cyclohexyl formate) are lower than analysis in ac-
curacy and thus are not determined.

3. The aim and ohjectives of research

The aim of research is improvement of CH oxidation
process by creation of binary catalytic system [CN:CEE]
and complex use of all oxidation products.

In order to reach aim of research we need:

1. To investigate influence of oxygen-containing additive —
CEE - in binary catalytic system on main technical-eco-
nomical indexes of CH oxidation process: conversion of
raw material, selectivity for oxidation products and ratio
of aim-products.

2. To determine optimal ratio of components of binary
catalytic system [CN:CEE].

3. To analyze impact of binary catalytic system [ CN:CEE]
at creation of by-products of CH oxidation process and
propose method of utilization of those products.

4. Research of existing solutions
of the prohlem

From literature is known method of laboratory CH
oxidation by molecular oxygen in the presence of light
and photochemicaly produced tert-butyl hydroperoxide [1].
Main disadvantage of mentioned process is its duration.

There is also a method of CH oxidation in presence
of individual bis-oxovanadium complexes placed on silica
gel. Oxidation goes under temperature 448 K and pres-
sure 10 atm by molecular oxygen. Disadvantages of this
method, even taking into account high selectivity for aim
products, are low quantity of COL and CON and partial
decrease of catalyst activity after 20 hours of working [2].

Catalysts based on cerium have certain specific features.
One of such features during CH oxidation is creation of
relatively big quantities of CHHP. But main product of
CH oxidation in the presence of cerium salts is alcohol
and ratio of [CON]/[COL] is 0.37-0.42 [3].

As catalysts are also used oxides of V, Mn, Ni, Cu,
Zn, Mo, Zr and Ce [4]. There are researches of impact of

titan oxide on photocatalytic CH oxidation [5, 6]. Those
methods are ecologically clean and highly selective but
also they are very complex for implementation in industry.

In the presence of Fe (III) complexes oxidation can
be conducted with help of oxidizing reagents — hydrogen
peroxides or tert-butyl peroxide [7]. After 24 hours process
ratio of [COL]/[CON] for hydrogen peroxide oxidation
was 1.5; for tert-butyl peroxide — 0.7-1.0. However main
disadvantage of this process is its duration.

Cobalt is widely used as part of catalysts for CH oxi-
dation. There is a known process in which as catalyst for
CH oxidation are used cobalt salts of highly molecular
oxyacids [8].

Also is known [9], that amin acids have positive impact
on CH oxidation. Amin acids are showing features of two
classes of compounds: carbonic acids and organic amines,
due to the fact that they contain two functional groups.

Researches of binary catalysts of CH oxidation [10, 11]
show that indexes of the process can be largely influenced
by oxygen- and nitrogen-containing compounds, which in
small quantities with catalyst are able to regulate selectivi-
ties of products via formation of intermediate complexes or
associates. Use of catalytic systems that along with cobalt
naphthenate (CN) contain oxygen-containing additives of
different nature is effective method of influence on speed
and selectivity of processes of oxidation of hydrocarbons
of different nature [12].

Analysis of literature shows that for improvement of
CH oxidation it is necessary to continue search of new
effective catalytic systems.

5. Methods of research

In order to obtain legit results, that can be compared
with literature data or with industrial indexes of CH oxi-
dation, during research as base component of complex
catalytic systems was used industrial catalyst — CN.

Due to the fact that effective CH oxidation goes un-
der temperatures that are much higher than its boiling
point (354.7 K), process of liquid phase CH oxidation
should be performed after creation of high pressure that
would keep substrate in liquid phase. Process of homo-
geny-catalytic CH oxidation was performed under condi-
tions close to industrial: temperature — 418+2 K, pressure
1.0+0.05 MPa. Catalyst concentration was 5.0-10~% mol/I1.

Analysis of aim products COL and CON was made at
chromatograph LCM-80 (mod. 3, State standard 24313-80)
with detector for heat conduction. Column from steel with
length 2 m and diameter 3 mm was filled with filling that
is made from 10 % polyethelenglycolsebacinate inflicted
on Chromaton N-AW with grain 60—100 [13]. Concen-
tration of COL and CON was determined by method of
absolute calibration.

Concentration of CHHP was determined by iodine-
metric method [13].

Carbonic acids, mainly adipic acid (95-97 %), should
be determined titrometrically, because gas chromatography
analysis of their concentration would have larger error.
Concentration of acids recalculated to AA was determined
by method described in [13].

Mid ether (dicyclohexyladipinate (DCA)) is highly
soluble in CH and due to this during oxidation it accumu-
lated in organic layer. Acid ether is far less soluble in CH
and main quantity of it is in acid-water layer. Content
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of DCA is more than 95 % from total quantity of ethers.
DCA was analyzed by return titration described in [13].

6. Research results

Results obtained during CH oxidation in presence of
catalytic system [CN—CEE] were compared to results ob-
tained during CH oxidation in the presence of individual
CN under same conditions.

We determined influence of nature and surface activity
of oxygen-containing additive on main technical-economical
indexes of CH oxidation process — CH conversion, selecti-
vity for aim-products (COL and CON) and for by-products
(CHHP, AA, DCA). Notable influence of researched additive
to industrial catalyst CN can be observed at conversion
of raw material starting from k=2 % (Table 1).

Results obtained at such conversion along side with
data from deeper oxidation allow evaluate dynamics of the
process and see trends of products accumulation.

Tahle 1

Impact of organic modifiers of industrial catalyst of CH oxidation process.
T=418 K, P=1 MPa, [CN]=5- 10~* mol/], [CN]:(ADDITIVE] = 1:1

I{Z S[CI;]HP), E[AI;KA]A], E[DUZA], S(EEL], E[EUEluN], mtsaip% (COLY/ICON]
CN
2.D| 18.53 |12.48| 11.58 | 40.72 | 16.69 | 79.79 | 2.44
CN-CEE
1.E|| 23.74 |1I1E4| 9.97 | 36.47 | 18.18 | 82.71 | 1.80
CN
4.E| 5.11 |1B.58| 22.08 | 36.91 | 17.32 | 73.69 | 2.13
CN-CEE
5.Z| 6.81 |1B.81| 7.53 | 41.55 | 25.29 | 76.16 | 1.64
CN
4‘E| 5.11 |1I3.5|3| 22.08 | 36.91 | 17.32 | 73.69 | 2.13
CN-CEE
7.3| 1.06 |ZD.ZU| 9.99 | 35.71 | 32.94 | 73.04 | 1.08

Already at the starting stage of CH oxidation total
selectivity for aim-products (S4p) in the presence of re-
searched additive was higher than same index at oxida-
tion in the presence of industrial CN. If we will look at
by-products at starting stage of oxidation we can observe
reduce of formation of AA and DCA and increase of for-
mation of CHHP, confirming that additive is involved in
radical-chain transformations.

During deeper CH oxidation at conversion k=4 %
selectivity for aim-products at the presence of binary cata-
lyst remain higher compared to selectivity at oxidation in
the presence of industrial CN. At this stage of oxidation
reduce of quantity of formed ether is very noticeable.

Very important result is that use of researched bi-
nary catalytic system allows, at conversions higher than
industrial, remaining of high selectivity index for aim-
products (not lower than 73 %). Thus at high conversion
rates, 2 times (7.3) higher than industrial, in the pre-
sence of researched catalyst we observed rapid decrease of
CHHP and DCA formation and increase of AA formation.

Therefore industrial use of this additive causes the issue
of acid utilization (Table. 1).

Research results show that ratio of COL/CON with
growth of conversion significantly reduces at the pres-
ence of researched binary catalytic system compared to
industrial catalyst.

On next stage we conducted research of impact of
change of CEE additive concentration in catalytic sys-
tem [CN-CEE] on indexes of CH homogeny-catalytic liquid
phase oxidation. For determination of influence of change
of catalytic system components ratio on process indexes
we changed ratio in direction of abundance of additive as
well as in direction of abundance of CN: [CN:CEE] =[1:1],
[1:1.5], [1:3], [1:1/2], [1:1/4]. Obtained indexes of CH
oxidation process at conversion of raw material k=4 %
are shown in Table 2.

Table 2

Influence of catalytic system components ratio at indexes of CH oxidation
process. T=418 K, P=1 MPa, [CN]=5- 10 mal/l

¥, |ccHp), |caa),[coca), | oo, [ccon), | sy, | coLy | w- 10¢
% | mol/l |mol/!l| mal/l | mal/l | mol/l | % |[CON] mol/(l- sec)
ON
47| 004z |0.029] 0087 | 0.106 | 0057 [737| 213 | 228
[CN:CEE)=(1:1]

53| 0.034 0093|0012 | 0206 | 0.125 |762] 1684 | 54
[CN: CEE)=[1:1,5]

28| 0.029 |0.027| 0033 | 0.048 | 0.055 [639| 089 | 228
[CN: CEE)=[1:3)

36| 0031 |0.055| 0034 | 0075 | 0.087 [624| 110 | 447
[CN: CEE}=[1:1/2)

38| 0.030 |0.086] 0020 | 0086 | 0072 [882| 120 | 451
[CN: CEE}=[1:1/4)

56| 0025 |0.040] 0.050 | 0.082 | 0054 [578) 115 | 284

From obtained experimental data (Table 2) we can
see that change of ratio of [CN:CEE] in directions of
increase and decrease of CEE content leads to decrease
of selectivity for aim-products in comparison with ratio
[CN:CEE]=[1:1]. What is more, increase of CEE content
in catalytic system in 1.5 times leads to rapid decrease
of selectivity for COL and CON at conversion close to
industrial numbers. Based on this data we assume that
ratio [CN:CEE]=[1:1] is optimal for researched catalytic
system (Fig. 2).

Trends of acids accumulation in oxidate in presence of
CEE compared to individual CN are alike. At low conver-
sions (k<3 %) we can’t see significant differences. But
after reaching of industrial values (k=4 %) and higher —
selectivities for acids are significantly different depending
on ratio of catalytic system components.

We discovered that abundance of oxygen-containing
additive CEE compared to CN leads to increase of acid for-
mation (Fig. 2, curves 5, 6). Decrease of CEE content leads
to decrease of selectivity for acids. However, this decrease
has maximum that is found at ratio [CN:CEE]=[1:1/2].
That allows to suggest that binary catalytic system is
optimal for formation of acid despite decrease of COL
and CON content (Fig. 3).
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[CN-CEE] (CN:CEE =1:1). Composition of oxidation pro-
ducts is shown lower (Table 3).

Tahle 3

Composition of products received by CH oxidation in the presence
of binary catalytic system CN-CEE. T=418 K, P=1 MPa,
[CN]=5 - 10~* mal/], [CN):(CEE] = 1:1

C(CHHP), | C(AA), | C(DBA), | C(COL), | C(CON),
k. % mal/l mal/l mol/l mal/l mal/l (COL)/[CON]
0.026 0.433 | 0.090 0.177 0.225
S(CHHP), | S(AA), | S(DBA), | S(COL), | S(CON),
11.96 % % % % % 0.78
0.24 39.15 8.09 15.98 20.37

40.0

CN:CEE

Fig. 2. Dependence of selectivity for aim-products from ratio of
components of catalytic system [CN:CEE]. T=418 K, P=1.0 MPa, k=4 %

Sus. %
45.0 4
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Received acids were divided from mixture of all pro-
ducts by water. Received water solution of organic acids
was concentrated by evaporation of water. Composition of
received acids solution is shown below (Table 4).

Table 4
Composition of water solution of acids
C(AA), C(CHHP), C(DCA), C(CoL), C(CON),
mal/l mal/l mal/l mal/l mal/l
0.476 0.001 0.023 0.009 0.014

Etherification of water acid layer was made in abundance
of n-butanol with presence of ion exchange resin KU-2 under
boiling of received azeotrope water — n-butanol 7=365 K.

After etherification we conducted distillation of wa-
ter and untreated n-butanole Mass of received mixture
of ethers is m(total) =4.467 gr. Analysis of composition
of received mixture can be found in Table 5. Yield of
ethers is n=57.6 %.

K, %
Fig. 3. Dependence of selectivity for acids from ratio of components
in catalytic system [CN-CEE]. =418 K, P=1.0 MPa.
1 - CN; 2 - [CN:CEE]=[(1:1]; 3 - [CN:CEE]=[1:1/2];
4 — [CN:CEE]=[1:1/4]; 5 — [CN:CEE]=(1:1.5]; 6 — [CN:CEE]=[1:3]

During homogeny-catalytic CH oxidation in presence
of CN acids are formed, however their quantities are
low (S44=15.8 at conversion k=4.6 %), and because of
it in industry they are neutralized by alkali compounds
and burned.

In case of researched catalytic systems we obtain signifi-
cantly larger volumes of acids (S44=20.3 % at conversion
k=17.3 %). For improvement of this process and obtain-
ment of additional valuable compounds is necessary using
of complex method of using of CH oxidation products.
This is reason for utilization of received acids.

One of methods of utilization of received acids is forma-
tion of ethers from acids by etherification with alcohol. Later
received ethers could be used as plasticizers for polymers.
In case of etherification with lower alcohols ethers can be
divided by boiling temperature and used for receiving of
individual acids. For etherification process we took oxidate
received by CH oxidation in the presence of catalytic system

Tahle 5
Composition of received products mixture of etherification
of adipic acid and p-butanol at 7= 365 K
C(AA), C(CHHP), C(DBA), C(CoL), C(CON),
mal/l mal/l mal/l mal/l mal/l
0.080 0.000 0.668 0.000 0.000

For evaluation of efficiency of researched methods we
used following calculation. Calculation consisted from de-
termination of quantity of received products from 1000 kg
of processed raw material. This index was compared to
similar index for process of oxidation in presence of indi-
vidual CN in case of neutralization of acids and burning
of received adipates (Tables 6, 7).

Tahle 6

(uantities of received aim-products from 1 ¢ of processed CH
in presence of CN. T=418 K, P=1 MPA, [CN]=5 - 10~* mal/l

Compound Used, kg Received, kg
Cyclohexane 1000 -
n-butanol - -
Sodium hydroxide 228 -
COL + CON - 863
Adipates - 462
Dibutyl adipinate - -
Sum of aim-products (COL + CON) — 863
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Tahle 7

(uantities of received aim-products from 1 ¢ of processed CH in presence
of catalytic system CN-CEE. T=418 K, P=1 MPa, [CN]=5- 10~ mal/],

CN:CEE=1:1
Compound Used, kg Received, kg
Cyclohexane 1000 -
n-butanal 417 -
Sodium hydroxide 31 -
COL + CON - 860
Adipates - 69
Dibutyl adipinate - 727
Sum of aim-products® - 1587

Note: *— mixture of COL, CON and ether, received through etherification
of adipic acid and n-butanol.

Therefore during oxidation of 1 t of CH, in presence of
industrial catalyst — CN, was received m(COL,CON,AA) =
=863 kg of mixture of COL, CON and AA, that required
m(NaOH) =228 kg for neutralization (Table 6). And during
CH oxidation in the presence of binary catalytic system
CN-CEE (1:1) was received m=860 kg of mixture of
COL and CON, dibutyl adipinate (DBA) m=727 kg and
m=69 kg of adipates (Table 7). Comparison of received
data shows that quantity of received mixture of COL and
CON in both cases is almost even. However in the presence
of CN-CEE we receive more acids that were used as raw
material for receiving of additional volume of aim-pro-
ducts (DBA).

This means that proposed method of complex use of
CH oxidation products creates opportunity for receiving
of additional quantities of aim-products via more useful
processing of received acids that were traditionally neu-
tralized and burned in industry.

7. SWOT analysis of results of research

Strengths. From strong points of this research we should
note received results of search of optimal conditions of
CH oxidation process in presence of new binary catalytic
system based on existing industrial catalyst and active
oxygen-containing additive. Use of received data will allow
intensification of process through increase of compounds
transformation depth. Proposed method of use of acids
that in previous methods were burned is very important
for etherification. This will allow receiving of additional
quantities of CH oxidation products with their complex
processing in national economy, and as a result will de-
crease spending coefficients for raw material and, therefore,
cost of production.

Weaknesses. Weak points of this research are slight
increase of number of apparatus in production and slight
increase of purchase costs for additional raw materials for
preparation of binary catalyst.

Opportunities. Additional opportunities that can help
reaching of aim of research are searches of other active
additives for creation of effective catalytic systems. There
can be found a lot of other oxygen-containing compounds
that might have more positive influence on CH oxidation
process. Another possible direction of research is economi-
cal calculations of profit that can be reached in case of
implementation of proposed oxidation method in industry.

Threats. Threats from implementation of obtained re-
sults can be related to two factors.

First — management of companies that are using such
processes. Long stoppage of technological installations,
investments in additional materials, absence of rapid high
result might become braking factor for managers of such
companies.

Second — unstable laws in economical sphere of Ukrai-
nian industry.

1. Positive impact of oxygen-containing additive on
main technical-economical indexes of CH oxidation pro-
cess — selectivity for oxidation products and ratio of aim-
products — was found. Selectivity for aim-products grows
at 3—4 % in comparison with oxidation at industrial cata-
lyst and stays maximal — 73 % under conversion that is
two times higher than industrial — 7.3 %. During use of
researched binary catalytic system, ratio of aim-products
in comparison with industrial catalyst decreases from 2.44
to 1.08 in direction of COL formation.

2. It was found that ratio of binary catalytic system
components [CN:CEE]=[1:1] is optimal for use in CH
oxidation process.

3. It is determined that in presence of researched binary
catalytic system at conversion higher than 4 % quantity
of formed acids increases to 20.3 %. Therefore we propose
method of utilization of formed acids by etherification
with alcohol. Quantity of aim-products produced by this
method is 1587 kg, while conventional method of CH
oxidation results in 863 kg.
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YCOBEPLUEHCTBOBAHHE MPOLECCA OKHC/NEHMA UMKMOIEKCAHA

Pacemorpen ¢roco6 ycoBepluieHCTBOBAHUA TIPOIEcca KUMAKO-
dasHoro oxucyaeHus UKIoreKcana. OrnpesiesieH MOJI0KUTENbHBII
addekT KucaopogocopepKanieii robasku — buc-2 1uaHeTHIOBOTO
JTepa — Ha OCHOBHbIE TEXHUKO-9KOHOMUYECKUE TOKA3ATEH TIPOTIeC-
ca — KOHBEPCUIO ChIPbs, CEJIEKTUBHOCTD 110 MPOAYKTAX OKUCJIEHUS
¥ COOTHOIIEHUE I[eJIEBBIX MPOAYKTOB. VcciemoBano onTuMaibHoe
COOTHOIIEHNE KOMIIOHEHTOB OMHAPHOI KaTaIUTHYECKOH CHCTEMBI.
IIpeniosxken KOMILTIEKCHBIIT METOJT UCTIOJIb30BAHUS TTPOYKTOB OKHUC-
JIEHUST [IUKJIOTeKCaHa MyTeM YTHAU3AIMK TOJTyYeHHBIX TT0O0YHBIX
KUCJIOT acTepuduKaimeii X co CHUPTAMU.

Kmouesste cnoBa: okiic/ieHne IUKIOTEKCAHa, KUCIOPOI0COIEP-
sKamiast fo0aBKa, OMHApHasd KaTaJuTHYecKas CUCTeMa, KOHBEPCHUs
CBIPbSI.
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SUBSTANTIATION OF THE
COMPOSITION OF PROBIOTIC
COSMETIC PRODUCTS FOR THE

TONING OF OILY SKIN

Ilokasana doyinvricms sacmocyeanns npodiomuxie y namypaiviii kocmemuyi. OO6rpynmosano
ONMUMATLHI MACOBI YACMKU KUCLO0I cuposamiu ma excmpaxmy xeimie Tagetes patula (59,98 ma
40,02 % 6i0no6iono) sk KOMNOHEHMIE NPOOIOMUUN020 KOCMEMUUHO20 3ac00y 0Nl MOHI3AUTT HCUPHOT
wxipu. /losedeno, wo pospobaenuil npooiomuuutl KOCMEMUUHUL J0CUOH HAMYPALvHull, Obesneunui,
Xapaxkmepusyemvcs. 8UCOKUMU OP2AHOIENMUUHUMU, HOPMOBAHUMU PI3UKO-XIMIUHUMU NOKASHUKAMU,
NOKPAUEHUMU MIKPOOIOIOZIMHUMU XAPAKMEPUCTIUKAMU.

Kmwouosi cnosa: npodiomuuna kocmemura, monisayis wxipu, Bifidobacterium, Lactobacillus, soono-
cnupmosuii excmpaxm, Tagetes patula, xucia cuposamxka.

1. Introduction

Skin is the largest organ in the human body, which is
in constant work throughout life. The condition of the skin
largely depends on age, nutrition and lifestyle. The main
function of the skin is protection of the human body from
external influences, creating a physical barrier. In addition,
the skin also performs additional functions, which include:
regulating body temperature, controlling sweating, feeling,
keeping lipids and water. Acting as a barrier and a link bet-
ween internal organs and the external environment, the skin
is always in contact with various substances. A healthy and
blooming skin is the result of well-being and constant care [1].

The face is the most open part of the skin of a per-
son, his business card. This is the first thing that they
pay attention to when they meet. In order for the face
to remain beautiful, fresh and attractive, special care is
needed. The skin of the face is constantly exposed to the
negative effects of various external factors. In addition, it
shows signs of fatigue, physical overload and stress. Over
time, the skin loses its freshness, wrinkles appear on it, it
dims and becomes less attractive [2].

Facial skin care involves a number of procedures: washing,
cleansing, nutrition, moisturizing, toning. To care for a spe-
cific type of facial skin, it is necessary to choose the right
cosmetic products. If the means for washing and moisturizing
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