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CARBOXYLATION OF HYDROXYARENES
WITH POTASSIUM ETHYL CARBONATE

Abstract. The influence of the conditions for carrying out the carboxylation reaction of phenol and its
derivatives (petrochemical products) with alkaline salts of alkylcarbonic acids (potassium ethyl carbonate), easily
synthesized from carbon dioxide, alcohols and alkaline metal hydroxides, was studied in order to develop new,
effective methods for producing practically valuable p-hydroxybenzoic acid and other hydroxybenzoic acids (a class
of compounds having a wide range of biologically active properties and other beneficial properties) is relevant and
timely. A new simple and convenient method for the synthesis of p-hydroxybenzoic acid by the reaction of phenol
carboxylation with potassium ethyl carbonate has been developed, which allows one to obtain the target product
without impurity of o-hydroxybenzoic acid. For the first time, optimal conditions were found for the regioselective p-
carboxylation of phenol (pressure of carbon dioxide, temperature and duration of the process) under which the yield
of p-hydroxybenzoic acid is 71,0%, and the effect of various substituents in the aromatic ring on the yield of the
target products of the carboxylation of phenol derivatives is determined sodium and potassium carbonates. The
influence of the nature of the alkyl groups of potassium alkyl carbonates on the carboxylation activity of the latter in
the phenol carboxylation reaction was determined. We have studied that temperature has a strong influence on the
direction of phenol carboxylation. When carrying out the reaction below 200°C, carboxylation proceeds to the o- and
p-positions with the formation of o-hydroxybenzoic and p- hydroxybenzoic acids; the o-isomer predominates (44,9-
66,7%). When carrying out the reaction above 200°C, only p-hydroxybenzoic acid is formed without an impurity of
o-hydroxybenzoic acid.

Key words: carboxylation, hydroxyarenes, hydroxybenzoic acid, carbon dioxide, potassium ethyl carbonate, p-
hydroxybenzoic acid.

Introduction. Carbon dioxide in the future may become one ofthe most important sources of carbon
raw materials for chemical synthesis [1,3]. Oil and coal reserves are gradually being depleted. After oil
and coal natural gas reserves will also run out. Carbon dioxide reserves are almost inexhaustible. The most
promising sources of CO2, as carbon raw materials can be waste gases of chemical industry enterprises
and power plants, as well as natural gas deposits, in some of the which the CO2 content reaches 30%.
Carbon dioxide recovery in chemical synthesis is also of great environmental significance, since it is one
ofthe ways to reduce CO2z emissions, the main component greenhouse gases into the atmosphere [2].

Use of carbon dioxide as a carbon source in organic synthesis is an urgent problem of modern organic
chemistry. The huge interest in this problem is evidenced by the ever-accelerating growth of scientific
publications on this subject. Analysis of the available data shows that carbon dioxide, contrary to popular
beliefs, is able to enter into various reactions. At the same time, a small number of CO2 based reactions
have been implemented on an industrial scale, which is primarily due to the insufficient development of
carbon dioxide chemistry at the moment [4-6].

In the Republic of Kazakhstan, the development of petrochemistry is very acute. All three oil
refineries existing in the republic do not have the so-called petrochemical wing-petrochemical plants
based on petroleum hydrocarbons and carbon oxides. The country also has an acute issue of developing
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industrial fine organic synthesis to meet the needs of the population and the national economy in such
useful organic products as medicines, food preservatives, detergents, etc.

Oxybenzoic acids are widely used o-hydroxybenzoic acid (salicylic acid) and its derivatives exhibit
biological activity and are used as pharmaceuticals (aspirin, p-aminosalicylic acid, etc.) [8,9].
0-Oxybenzoic acid is used to obtain polymeric materials and liquid crystal polyesters with high heat
resistance [10,11].

The most common industrial method for the synthesis of hydroxybenzoic acids is carboxylation of
phenol with carbon dioxide under pressure (Kolbe - Schmidt reaction) [7,12,13]. One of the big
disadvantages of this method is the need for preliminary synthesis of dry sodium (potassium) phenolates,
which is associated with great experimental difficulties: distillation of water in a vacuum and the extreme
hygroscopicity of dry alkali metal phenolates [14-16]. In connection with the foregoing, it is of interest to
synthesize oxybenzoic acids that exclude the use of alkali metal phenolates. One of these methods is the
carboxylation of phenol with alkaline salts of alkyl carbonic acids.

It is known that in the Kolbe - Schmidt reaction, the use of potassium phenolate promotes the
formation of p-hydroxybenzoic acid [17-18]. In order to verify the effect of the nature of the alkaline
metal in the starting salts of carbonic esters on the direction of carboxylation, the phenol carboxylation
reaction with potassium ethyl carbonate was studied [19-20].

Experimental part. The reagents used were dry sodium and potassium carbonates, reactive phenol
by Sigma Aldrich. The experiments were carried out without the use of solvents in gaseous carbon
dioxide. The individuality ofthe synthesized products was determined by physicochemical constants (mp),
the study of mixed samples (absence of melting temperature depression) with pure reactive samples of the
reaction products, as well as according to IR and PMR spectroscopy. IR spectra were recorded on a
Nicolet 5700 single-beam infrared spectrometer of Thermo Electron Corporation (USA) in the region of
400-4000 cm -L NMR1H spectra were recorded on a Brucker DPX 400 instrument, operating frequency
300 MHz. Tetramethylsilane was used as the standard. The chemical used were dry potassium ethyl
carbonate, synthesized by reacting carbon dioxide with potassium ethyl carbonate as described in [20], and
phenol. The experiments were conducted in the solvent free mode in a medium of gaseous CO:. The IR
spectra were recorded on a Mattson SatelliteFTIR Fouriertransform IR spec trometer in the frequency
range of 4000-400 cm-1 and the NMR spectra were recorded on a Bruker DPX 400 instrument operating
at a frequency of 300 MHz.

Synthesis of salicylic acid. A glass reactor placed into a steel autoclave and equipped with a stirrer,
electric heating, and carbon dioxide gas inlet (outlet) fittings, was loaded with 2,3 g (0,025 mol) of phenol
and 3,46 g (0,027 mol) of potassium ethyl carbonate (reactants ratios was [phenol] : [potassium ethyl
carbonate] = 1: 1,1); the autoclave was pressurized; purged twice with CO2 to remove air and filled with
COq to a pressure of 10 atm; after which stirring and heating were switched on. The reaction mixture was
heated to 215°C over 6 h (at a heating rate of 40°C/h) and held at this temperature and a CO: pressure of
10 atm for 5 h. After that, stirring and heating were stopped and the autoclave was cooled down to room
temperature. The reaction mixture was treated with water. The obtained aqueous solution was extracted
with ether to separate unreacted phenol. Unreacted phenol was recovered from the ether phase. The
product (p-hydroxybenzoic acid) was isolated by acidifying the aqueous phase with hydrochloric acid to
afford 2,46 g (71,0%) of p-hydroxybenzoic acid; melting temperature 203-2050C ; after recrystallization
(water) at melting point 214-2160C.

Synthesis of salicylic acid 7.05 g (0.075 mol) ofphenol and 2.8 g (0.025 mol) of sodium ethyl
carbonate are charged into a glass liner placed in a steel autoclave equipped with a stirrer, electric heating
and the inlet (outlet) of carbon dioxide gas. The autoclave is sealed, flushed twice with carbon dioxide to
remove air, and then filled with carbon dioxide to a pressure of 10 atm, include stirring and heating. The
temperature of the reaction mixture is raised to 160 ° C over 4 hours, and at this temperature and a carbon
dioxide pressure of 10 atm, it is held for 1 hour. After this, stirring and heating are stopped, the autoclave
is cooled to room temperature. The reaction mixture is treated with water. The aqueous phase is extracted
with toluene to separate unreacted phenol. The reaction product (salicylic acid) is isolated by acidification
ofthe aqueous phase with hydrochloric acid. 3 g (86.0%) of salicylic acid are obtained; so pl. 154-1550C.

It should be noted that at present the properties of alkaline salts of alkyl carbonic acids have been
studied very little. They are difficult to clean white crystalline substances, extremely poorly soluble in
many organic solvents (ether, ethanol, acetone, benzene, etc.); they do not have a clear melting point:
when heated to 380-400° C, they slowly decompose without melting with the release of gaseous products.
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We also use potassium ethyl carbonate (as a carboxylating agent), synthesized by bubbling carbon
dioxide through a solution of potassium hydroxide in ethanol, for the fixation and storage / disposal of
carbon dioxide from industrial waste gases. The method for the synthesis of potassium alkyl carbonates
from potassium metal is quite convenient for their synthesis in laboratory conditions, it is not suitable for
industrial production due to the explosiveness of the mixture of hydrogen released at the stage of
production of alcoholates with air. In [21], a method was described for producing potassium ethylate by
the interaction of potassium hydroxide with ethanol in simple equipment that almost completely transfers
potassium hydroxide to potassium ethylate when using quicklime as a water-removing agent. Based on the
improvement of the method for producing potassium ethylate described in [21], we developed a simple
and convenient method for the synthesis of potassium and sodium ethylates from ethanol and the
corresponding sodium and potassium hydroxides (reaction 2) [22]. This reaction proceeds with the release
of water; therefore, quicklime was used as a dewatering agent to shift the equilibrium to the right.

MOH + C2H50H ~ » C2H50M + H20 (2)

M = Na, K

Potassium ethylate is synthesized in two vessels interconnected with two tubes (flasks A and B), and
potassium ethylate is obtained from caustic potassium and ethanol in vessel A, and alcohol with quicklime
is drained in vessel B (Fig. 1). Both vessels are heated to a boil of ethanol. Vapors of alcohol and water
liberated during the reaction (azeotropic mixture) from vessel A flows into the refrigerator, condensate
from which flows through the alcohol gate to the second vessel B, where the wet alcohol is dried with
quicklime, after which the alcohol vapor flows through the other tube into vessel A, continuously bubbling
through an alcoholic solution of potassium hydroxide and potassium ethylate. The process is carried out
for 3-7 hours at a ratio of reagents [KOH]: [C2HsOH] = 1: s .

The developed simple, industrially applicable method for the production of potassium and sodium
ethylates was used by us for the synthesis of potassium ethyl carbonate and sodium ethyl carbonate. The
latter are used as carboxylating reagents of hydroxyarenes for the synthesis of hydroxyaromatic acids.

Figure 1 - Installation for the synthesis of sodium ethoxide

A and B - reaction vessels (flasks) 1 - tube for distillation of the azeotropic mixture, 2 - refrigerator,
3 - calcium chloride tube, 4 - alcohol shutter, 5 - tube for distillation of dried alcohol, 6 - anti-expansion

Results and discussion. The effect of phenol carboxylation with potassium ethyl carbonate on the
course of the reaction and the yield of products was studied. The pressure of the gaseous medium (carbon
dioxide) of the reaction (T = 2150C, T = 7 h (¢ h rise to 2150C + 1 h exposure at this temperature);
[phenol]: [potassium ethyl carbonate] = :: 1,1) has a significant effect the output of p-hydroxybenzoic
acid; the optimal pressure of the gaseous medium is 25 atm. Under the same conditions, the influence of
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temperature (from 130 to 2200C) on the course of the phenol carboxylation reaction with potassium ethyl
carbonate at a CO: pressure of 25 atm was studied.
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H
o) H °
0
0
RO ONa h € ONa
RO”N "ONa ROH

Figure 2 - The mechanism of the phenol carboxylation reaction with sodium and potassium ethylcarbonates

The following mechanism of the phenol carboxylation reaction with sodium and potassium ethyl
carbonates can be suggested (Scheme 1). Apparently, the reaction proceeds through the initial association
of metal alkyl carbonates through the oxygen of the carbonyl group with phenolic hydroxyl. Then, the
metal-alkyl carbonate molecule activated in this way electrophilically attacks the o-position ofthe starting
phenol with stabilization of the transition state by the formation of a six-membered ring. At lower
temperatures (<200° C), carboxylation to the o-position takes place both in the case of sodium alkyl
carbonate and potassium ethyl carbonate. At high temperatures (> 200° C) in the case of potassium ethyl
carbonate, due to the larger volume of potassium ion, stabilization due to the formation of an intermediate
six-membered state becomes impossible and carboxylation proceeds to a less spatially shielded p-position
with the formation of p-hydroxybenzoic acid.
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Scheme 1

Carboxylation at temperatures below 2000C occurs with the formation of salicylic acid. The highest
yield (78%) of salicylic acid is observed at 1800C. With a further increase in temperature to 1950C, the
yield of salicylic acid decreases to 45%, while the yield of p-hydroxybenzoic acid gradually increases to
20%. A subsequent increase in temperature leads to the formation of only p-hydroxybenzoic acid, the
maximum yield of which (92%) is observed at a temperature of 2150C; a further increase in temperature
decreases the yield of p-hydroxybenzoic acid, apparently due to a possible decarboxylation reaction.

Thus, a simple and convenient method for the synthesis of p-hydroxybenzoic acid by the reaction of
phenol carboxylation with potassium ethyl carbonate has been developed, which allows one to obtain the
target product without impurity of o-hydroxybenzoic acid. The optimal process conditions were found:
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PM2= 25 MPa, T = 2100C, T = 7 hours, at which the yield of p-hydroxybenzoic acid is 71.0%. It should
be noted that all previously known methods for the synthesis of p-hydroxybenzoic acid are based on the
reaction of carboxylation of potassium phenolate with carbon dioxide (Kolbe-Schmidt synthesis), in which
a mixture of o- and p-isomers is always formed; in this case, as a rule, the main reaction product is o-
hydroxybenzoic acid.

The possibility of using alkaline salts of alkyl carbonic acids as a carboxylating reagent in the
carboxylation of hydroxyarenes became known after the appearance of I. Jones in 1958 about the
carboxylation of sodium phenol and potassium ethyl carbonate [26]. After that, starting in 1969, a number
of works by Japanese researchers [23-25] appeared on the use of alkaline salts of alkyl carbon acids for
the carboxylation of phenol and its derivatives.

The observed temperature dependence of the yield of phenol carboxylation reaction products with
potassium ethyl carbonate differs from that of phenol carboxylation reaction with sodium ethyl carbonate.
We believe that such a strong difference can be caused not only by the previously described [27, 28]
thermal rearrangement of the initially formed alkaline salt of salicylic acid to the salt of p-hydroxybenzoic
acid at high temperature. Apparently, here a certain role is played by both the nature of the alkali metal
(Na, K) in the initial salts of ethyl carbonic acid, and the mechanism of this reaction.

Conclusion. In summary, it has been shown that potassium ethyl carbonate can be used as a
carboxylating agent in the carboxylation reaction of phenol. It has been found that the carboxylation of
proceeds regioselectively with the formation of acid p-hydroxybenzoic acid. Optimum conditions for con
ducting this reaction have been found. The developed simple and convenient methods for the synthesis of
p-hydroxybenzoic acids can be used for their industrial manufacturing. Carboxylation of hydroxyarenes
(phenols and its derivatives) with alkali salts of alkyl carbon acids (metal alkyl carbonates) is a convenient
method for the synthesis of hydroxy aromatic acids. Since the appearance ofthe first report in this field in
1957 (I. Jones) to date, there have been relatively few publications on the carboxylation of organic
compounds with metal alkyl carbonates. The analysis of the known published data on the use of alkali
salts of alkylcarboxylic acids for carboxylation of hydroxyarenes shows the undoubted promise of the
method for the synthesis of hydroxyaromatic acids, which are widely used, by the carboxylation of
hydroxyarenes with metal alkyl carbonates.

®.M. KaHanuesa, H. XK. Kypgaii6epreHos, M. TypcbiHXaHKbI3bl, A.A. Kypmalues
3n-dapabu atbiHaarbl Kasak “nTTbiK yHMBepcuTeT Animatsl, KasakcTaH
KANUIA 3TUIKAPBOHATBLIMEH MAPOKCUAPEHAEPAL KAPEOKCUNAEY

AHHoTaums. KeMipKbraRbm rasbiHaH, CIMPTTEH X3HE CLUTLIK METa/lN MMAPOKCUATEPLLEH OLai CUHTE3aeNreH
NIKUNKAPOOH  KbILWKbUIbIHBIL, CLUTW  TPbIMEH (Kauidi 3Tun  kapboHaTbl) (eHON MeH TYbIHAbLIAPbIHbIL,
KapboKCUNaeHy peakUMsAChIH Xypn3y XaraaibiHbIL acepi 3epTTeng” M-ruapokcn6eH30l KbILKbIbIH X3He 6acka fa
rMAPOKCMOEH30M KblLKbINAapbIH (6rnonoruansik 6enceHsi kacneT MeH 6acka fa nainfanibl KACUETLULL, KeL, CeKTpLLe
Ve KOCbUIbIC KMachbl) eHAipyail Tuimai 3gicTepi €3eKn >X3He Maubi3gbl 60/bin caHanadbl. [mapokcmbeH3oi
KbILLKbIIbIH CUHTe3AeYy AL XeTingipinreH sgra KenTereH napameTpnepdi (KoiCbiM, Temrepatypa, peakuus yakbiTbl,
peakTMBT 3aTTap KOMMOHEHTTEPLULL KaTbiHAChl) OLTainaHabIpyra MYMKIHAIK 6epes” Tesipek, >Kel XaHe ap3aH
X3HE elM LWbIrbIMbIH KebeliTear ®eHonabl Kannil 3Tun KapboHaTbIMEH KapboKcwuigey PeakuuAcbIMEH M-
rMAPOKCUIBEH30M KbILLKbIbIH CUHTE3eY AL, XKala KapanaiibiM X3He biLraiifibl 34ra >xacangbl, 01 MakcaTTbl eHiMAi
0-TMAPOKCUNGBEH30M KbILLKbIIbIH KOCNAchi3 anyra MyMWHMK Gepean MakcaTka XXeTy YLIW >K3He aira KoiraH
MiHZeTTepai wely YLiH Keneci TancbipManap OpblHAAAbI: TMAPOKCUAPEH MeH OHbIL TYbIHAbINAPbIH MeTan
ankunai KapboHaTTapMeH KapOOKCWAAEHY PeakuMACbIHbIL, OuTaiifbl napameTpnepw Taby; TYpi KbiCbiMAa,
Temnepatypaza, peakums pakTbIrblHAA X3He peakTUBTepil TYPni apakaTbiHACbIHAA TMAPOKCUapeHaepaiL, cinTini
ANKUNAT KbILWKbIN TPbIMEH KapboKCUNLEHY peakuMAChbIHbIL, napaMmeTpnepiH 3epTtey. TexHonorusnbik Y/epicTiy
ouTalinbl NapameTpiepiHe KON >KeTL3reH4e MakcaTTbl eHiM, FMAPOKCHApOMATUKa/IbIK KbIWKbIIAAPAbIL, LWbIMbIMb
apTaapl Aen 60mKaHabl.

Anraw  peT  (beHONAbIL,  PErvMoceneKTMBTI  M-KapOOKCUAAEHYLUL, OuTaifbl  >Karfaibl — aHbIKTangbll,
(KEMIPKBILLKbIN TasbiHbIL, KbICbIMbI, Temnepatypa »3He Y/[epicTiy pakTbirbl), 6™ kesge M-rmapoKcubeH3oin
KbILIKbI/IbIHBIL, LWbIrbIMbl 71,0% K¥palifbl, COHbIMEH KaTap (PeHOMAbl TybiHAbINAPAbIL, KapbOKCUAAeHY MakcaTTbl
eHimaepi LWbIrbIMbIHAA XOLIMICTI CakvMHagarbl TYPAi aMacTbIprbill 3Cepi HaTpWil X3He Kaiuii kapboHaTTapbl
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Hen3wae aHbluTanagsl. deHon Kapbokeungey peakumACbIHAArbl Kanuid ankungi KapboHaTTapbIHbLL, ankun TonTapbl
COHTbICbIHBIH KapbokcungeHy 6enceHflnHe acepi aHblkTangpl. bi3 Temnepartypa (eHongpll KapboKcungeHy
6arbITbiHa KaTTbl 3Cep eTenHATH 3epTTedik. PeakumsaHbl 200 °C-TaH TemeH XYprisreHge KapO6oKCUNLeHY 0- XKaHe
n-nosvumsnapia O-rMApPOKCMOEH30 JK3HE N-TMAPOKCMOEH30M KbILWKbITAAPbIHBIH TY3iyi  HerisiHae XYpeg;
o-m3omep 6Gacbim  (44,9-66,7%). PeakumaHbl 200 °C-TaH >Korapbl TemnepaTypaga >KYprisreHge Tek
N-rMAPOKCMOEH30M KbILLKbIIbI O-TMAPOKCUOEH30M KbILWKbIIbIH KOcMackI3 TY3es.

KanuiiatnnkapboHat >aHe HaTpuiiaTUnKapboHaT rugpokcuapeHgepaiH (heHongap MeH OHbIH TYbIHAbLIaPbI)
TMIMAI  KapOoKcuaeywi peareHTTepi €KEeHAT  aHblKTangbl.  [MAPOKCMOEH30/A XK3HE  rMAPOKCUHATON
KbILUKbITAAPbIH CUHTE3EYAIH HEri3ri eHepKaCcinTIK TacL GipkaTap Kemwiniri 6ap KeMipTeri AMOKCUAI KbICbIMbIMEH
(Konbbe-LLmmnaTt peakumsicbl) CinTini MeTangapgbiH TMICTI (heHoNATTapbl MeH HahTONATTapbIH Kapbokeungey 60nbin
caHanafpl.

MapokcuapeHaepaiH Kapbokeungey peakuvacbIMeH TUAPOKCUAPOMATUKAbIK KbILWKbINAAPAbl X3HE OHbIH
TYbIHAbINAPbIHBIH KU KeMip KbIWKbUIbIHLIH CINTINIK TPbl apKbifibl anyfblH 3epTXaHasIblK PerfameHTi 33ipneHai,
on «M”HaXMUAMBIK CUHTE3AEP» KYPCbl asCbiHAA 3epTXaHasTbIK XK3He TaH1pnbeni » MbicTapabl XY3ere acbipyaa,
coHpai-ak an-Papabu atbiHAarbl "as¥y xumua akynbTeTwily «OpraHMKanblK 3aTTapiblH - XUMUAAbIK
TEXHONOMUACHI» XX3He «M/HanXuMns» MaMaHgbIrbl 60MbIHLLIA AUMIOMABIK XX3HE MarnucTpik Xobanapabl OpbiHIAY
Ke3wwae oKy barfjapnamacbiHia KongaHyra 6onagsl.

TywH ce3gep: Kapbokcungey, rMapoKCuapeHaep, rmapoKcMOeH30M KbILLKbllbl, KEMIPKbILLKbIT Fasbl, Kaaui
3TUN KapbOoHaTbl, N-FMAPOKCUOEH30M KbILLKbIbI.

®.M. KaHanuesa, H. XK. Kypgaii6epreHos, M. TypcbiHXaHKbI3bl, A.A. Kypmalues

daKynbTeT XMMUM U XUMUYECKO TeEXHONOrMK, Kasaxckuid HaLoHabHbI YHUBEPCUTET
nm. anb-Papabn, Anvatbl, KasaxcraH

KAPEOKCUNNTMPOBAHUE TMAPOKCUAPEHOB 3TU/TIKAPEOHATOM KAJTUA

AHHOTauua. V3yyeHo BAWAHWE YCMOBUI MPOBEAEHUA peakuunm KapboKCWAMpOBaHUA (eHona W ero
MPou3BOAHbIX (MPOAYKTOB HEPTEXUMUM) LLEOYHBIMM CONAMW /IKWIKAPOOHOBBLIX KMCMOT (Kanunii 3TunkKapboHar),
NErko CUHTE3MpyeMbIX W3 AMOKCMAA Yrnepoja, CNvpTOB U TMAPOKCMAOB LUENOYHbIX METaI0B. SeKTUBHbIE
CNoco6bl NOMYYEHMS NPAKTUYECKN LIEHHON M-TUAPOKCUOEH30AHOI KUCMOTbI U APYTUX rMAPOKCUOBEH30MHBIX KUCNOT
(knacc coefyHeHuWiA, 06NMaAaKOLWMX LUMPOKMM CrEKTPOM OMONOrMYeCKM akKTUBHBIX CBOWCTB M APYrvMX MOME3HbIX
CBOICTB) aKTya/bHbl. Pa3paboTaHHbIi CMOCOO CUMHTE3a MAPOKCMOEH3O0MHbIX KWUCAOT MO3BOASET 3HAUUTENbHO
ObICTpee, NPOLLE W AeLleBne ONTUMU3MPOBATbL BOMbLUMHCTBO NapamMeTpoB (4aBneHve, TeMneparypa, NPOLO/HKNTENb-
HOCTb peakuuW, COOTHOLUEHME KOMMOHEHTOB Pearvpyolimx BELLEeCTB) M MaKCUMaIbHO YBENNYWTL BbIXOL
MPoAyKTOB. Pa3paboTaH HOBbI MPOCTO U YAOGHbIA METOA CUHTE3a N-rMAPOKCMOEH30HON KMCNOTbI NO peakumm
KapboKCUNMpoBaHNsA (heHoma € 3TUNKapboHaTOM Kanus, KOTOPbI MO3BOASET MOMYYNTh LENEBOA MPOAyKT 6e3
NPUMECK O-TMAPOKCUBEH30MHOM KUCNOTbI. [ MakCMManbHOMO JOCTVXKEHMSI LENM W pacKpbiTua npobnem 6binn
BbIMOJIHEHbI CriedytoLLmMe 3aaum: HaxoXieHe ONTUMasbHbIX NapamMeTpoB MPOBELEHUs peakumm Kapbokeunmpo-
BaHWS TMAPOKCUAPEHOB U MX MPOM3BOLHBLIX MeTannanKuikapboHatamMu. ViccnefoBaHue napaMeTpoB MPOBELEHNS
peakumMn KapbOKCUAMPOBAHUA TUAPOKCUAPEHOB LLEMOYHBIMU COMSMU aNKUAYTONbHBIX KUCAOT MPU PasfnyHbIX
[aBneHnmn, TemnepaTypbl, MPOAO/HKATENLHOCTM peakumi U Npyu pasHbIX COOTHOLLEHWAX peareHToB. [Mpu gocTu-
XXEHUWN ONTUMaSbHBIX MapamMeTPoB MPOLECCa OXMAAETCS MOBbILLUEHWE BbIXOAA LENeBbIX MPOAYKTOB - TUAPOK-
C1apoOMaTYeCKNX KUCMOT.

Brepsble Oblny HaifeHbl ONTUMa/IbHbIE YCMOBUA ANA PErvoceseKTUBHONO M-KkapbokcunmpoBaHns qeHona
(naBneHwe guokcwga yrnepofa, Temnepatypa U NPOLOMKUTENBHOCTL MPOLEcca), Npy KOTOPOM BbIXOA N-ruapokK-
C1GEH30MHOM KUCNOTbl cocTasnseT 71,0%, a Takke BAMAHME Pas/IMuHbIX 3aMecTUTeNeli B apOMaTMiecKOM KOfbLie
MO BbIXOAY LieneBbIX NMPOAYKTOB KapbOKCUAMPOBaHWS (DEHOMbHBIX NPOU3BOAHbLIX ONpeaenseTca KapboHaTbl HaTpus
M Kams. YCTaHOBMEHO BAUAHWE NPUPOAbI anKWbHBIX FPYMN ankunkapboHaTOB Kains Ha KapbOKCUMMPYIOLLYH
aKTMBHOCTb NOC/eAHMX B peakLum KapboKcmnnposaHmsa (eHona. Mbl 3yumnnu, 4to TemnepaTypa CUIbHO BAMSAET Ha
Hanpae/eHVe KapbokcunmposaHust (eHona. Mpu nposegeHMM peakumn Himke 200 °C KapbOKCUAMPOBaHWe
NpoTeKaeT B O- U P-MOMOXEHMAX C 06pa3oBaHVeM O-TMAPOKCUOEH30MHOM W N-TMAPOKCUOEH30MHOW KMC/IOT;
npeobnagaeTt o-uzomep (44,9-66,7%). Mpu nmposefeHWM peakuun npu TemnepaType Bbiwe 200 °C obpasyeTtcs
TOMbKO N-rMAPOKCMBEH30MHAsA KucnoTa 6e3 NprmMeck 0-rmapoKCMOEH30AHOM KNCOTbI.

YCTaHOBMEHO, YTO KanuniAaTUNKapboHaT 1 HaTpUiAaTUNKapboHaT ABNATCA 3DEKTUBHLIMU KapboKCUAMpYLo-
WMMW peareHTamn TUAPOKCHAapeHOoB ((heHONOB M MX MNPOM3BOAHLIX). OCHOBHLIM MPOMBILLIEHHBIM CMNOCOGOM
CUHTE3a TMAPOKCUOEH30MHBIX U FMAPOKCUHANTOMHBIX KUCIOT ABMAETCH KapbOKCMNMPOBaHME COOTBETCTBYHOLLMX
(heHONATOB M HAPTONATOB LLENOYHbIX METANI0B NOJ AaBfeHeM avokcuaa yrnepofa (peakums Konbbe-LUmuara),
VMEIOLLMIA AL Cepbe3HbIX HeJOCTATKOB.
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Pa3paboTann fabopaTopHbIii pernaMeHT MONy4YeHMs MMAPOKCUapOMaTUYECKMX KUCIOT peakumel kapbokeunm-
pOBaHUA TUAPOKCMAPEHOB WM WX MPOU3BOAHBIX LUEAOYHLIMWA COMAMMW aNIKUAYTOMbHBIX KWC/OT, KOTOPbIA MOXeT
MCMOMb30BaTLCA B Y4eBGHOM mporpamme Mpu peanusauymn nabopaTopHbIX M MPaKTUYeCKMX paboT B paMKkax Kypca
«He(pTexrmMnueckne CUHTe3bI», a TakkKe MPU BbIMOMHEHUN AWUMNAOMHbLIX U MarvcTepCKMX MPOEKTOB MO CreLuab-
HOCTN «XMMUYEeCKas TeXHO/IOTUA OpraHUYecKux BeLLecTB» U «HedTexummnsa» xummuyeckoro gakynobteta KasHY
ym. anb-dapadu.

KntoueBble cnoBa: KapbOKCUAMpOBaHWe, MAPOKCUAPEHbl, TMAPOKCUOEH30HAA KUCNOTa, AMOKCUA YINeposa,
3TUNKapboHaT Kanus, N-ruapoKCn6eH30iiHas KUCIoTa.
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