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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 of the 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 CO,, 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 CO; content reaches 30%.
Carbon dioxide recovery in chemical synthesis is also of great environmental significance, since it is one
of the ways to reduce CO, 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 CO, 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 of the 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 "', 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 CO, to remove air and filled with
CO; 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 203-205°C ; after recrystallization
(water) at melting point 214-216°C.

Synthesis of salicylic acid 7.05 g (0.075 mol) of phenol 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
of the aqueous phase with hydrochloric acid. 3 g (86.0%) of salicylic acid are obtained; so pl. 154-155°C.

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.




News of the Academy of sciences of the Republic of Kazakhstan

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 + C,HsOH —/—> C,H;OM + H,0 (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]: [C,HsOH] = 1: 8.

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 = 215°C, 1 = 7 h (6 h rise to 215°C + 1 h exposure at this temperature);
[phenol]: [potassium ethyl carbonate] = 1: 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 220°C) on the course of the phenol carboxylation reaction with potassium ethyl
carbonate at a CO» pressure of 25 atm was studied.

OH ok ] OH
+HCl
+ EtOC(O)OK —>215 P -KCI)
25 atm, 4h

| COOK _| COOH

92 %
OH~ OH

0]
v
RO”  TONa “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 of the 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.

OH

_0

“ONa
ROH

Scheme 1

Carboxylation at temperatures below 200°C occurs with the formation of salicylic acid. The highest
yield (78%) of salicylic acid is observed at 180°C. With a further increase in temperature to 195°C, 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 215°C; 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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Peo,=2.5MPa, T = 210°C, 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 of the 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. Kananuena, H.7K. Kynaiioeprenos, M. Typcoinxankbi3bl, A.A. KypmaiieB
On-Qapabu areinarsl Kasak ynTTeIK yHEBEpcuTeTi, AnMaTsl, Kasakctan
KAJINI STUJIKAPBOHATHIMEH I'MJIPOKCHAPEHJIEP/II KAPBOKCUJIJEY

AnHoTtanusi. KeMipKpIIIKbUT ra3blHaH, CIIUPTTEH JKOHE CUITUIIK METaI THAPOKCUITEPIHEH OHAall CHHTE3/IENTeH
NKWIKapOOH KBIIIKBUIBIHBIH ~CUITLI  Ty3bIMEH (Kalui 3TWi1 KapOOHaTbl) (EHOT MeH TYbIHIBUIAPBIHBIH
KapOOKCHIIZICHY PEaKIMSICHIH KYPri3y JKaFJalbIHBIH ocepi 3epTreni. [I-ruapokcnOeH301 KBIIIKBLUIBIH JKOHE OacKa 1a
THUIPOKCUOCH30H KBIIKBUIIAPEIH (OMOIOTHSIIBIK OeJICeH Tl KacueTi MeH 0acka J1a maiaansl KACHETiHIH KeH CIIEKTpiHe
e KOCBUIBIC KJIACHI) OHIIPYNiH THIMII OmiCTepi ©3eKTi >KOHE MaHBI3AbI OOJNBIN caHamanbl. [ MIpOKCHOEH30i
KBIIIKBUTBIH CHHTE3CYIIH KEeTUIPUITeH o/ici KONTereH mapaMmeTpiiepai (KbICHIM, TEMIIepaTypa, PEakius yaKbITHI,
PEaKTHBTI 3aTTap KOMIIOHEHTTEPiHIH KaTBHIHACHI) OHTAMJIaHABIPYFa MYMKIHAIK Oepeni, Te3ipeK, jKeHUI JKoHe ap3aH
KOHE OHIM IIBIFBIMBIH KebOeWTemi. DeHoNAbl Kaauid 3TN KapOOHAaThIMEH KapOOKCHIIAEY PEeaKIHACHIMEH II-
THIPOKCHIIOCH30!M KBIIIKBUIBIH CHHTE3ACYIIH jKaHa KapanaibIM jKOHE BIHFAMIIBI 9JIiCi )Kacayapl, OJ MaKCaTThl OHIMI1
O-THAPOKCUIIOCH301 KBIIIKBIIBIH KOCHAChI3 allyFa MYMKIHIIK Oepeni. MakcaTka jKeTy YIIIH JKOHE ajFa KOWFaH
MIHJIETTEpAl LIeUly VIIIH KeJieCi TalchlpMajiap OpPBIHAANIbI THAPOKCHAPEH MEH OHBIH TYBIHIBUIAPBIH METaJll
ANKWIAI KapOOHATTAPMEH KapOOKCWIIZICHY pPEaKIUACHIHBIH OHTAMJIbI MapaMmerpiiepiH TalOy; Typii KbICBIMJA,
TeMIepaTypaja, peakius Y3aKThIFBIHAA XKOHE PEaKTUBTEP/IH TYpJi apaKkaThIHACHIHIA THAPOKCHAPCHICPIIH CUITLI
MKW KBIIIKBUT TY3BIMEH KapOOKCHIZCHY PEaKIUACHIHBIH HapaMeTpiIepiH 3epTTey. TeXHOIOTHSUIBIK YISPICTIH
OHTAMJIBI MapaMeTpiepiHe KOJI )KETKi3TeH/Ie MaKCaTThl ©HIM, THAPOKCHAPOMATHUKAIBIK KHIIIKBULIAPIBIH IIBIFEIMBI
apTazpl 1en OOJDKaHIbL.

Anramr  per (QCHONIOBIH PErHOCENEeKTHBTI  M-KapOOKCWIICHYIHIH OHTAaWIbl JKaFJaibl  aHBIKTAJIbIH
(KOMIpKBIIIKBIT Ta3bIHBIH KBICBIMBI, TEMIIEpaTypa »OHE YIEepiCTiH Y3aKTBIFRI), OyJl Ke3le N-THIAPOKCHOEH30i
KBIIKBUIBIHBIH MBIFBIMBL 71,0% Kypaiel, COHBIMEH Katap (peHONAB! TYBIHABUIAPIBIH KapOOKCHIIEHY MaKCaTThI
OHIMIepl IIBIFBIMBIHAA XOIIMICTI CAKWHAAAFBI TYPJIi aJMACTBIPFBINI 9CEepi HATPUM KOHE KaIMid KapOOoHATTaphI
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HeTi3iH/e aHBIKTanagsl. OeHon KapOOKCHIIeY peaKMACIHIAFbl KAIUH aNKIIAl KapOOHATTAPBIHBIH AJIKIJI TOTITaph
COHFBICHIHBIH, KapOOKCHIIZIeHY OeJiCeHTiriHe ocepi aHbIKTanbl. bi3 Temmeparypa (eHonablH KapOOKCHIIEHY
OarbIThIHA KATThI 9CEp €TETIHITH 3epTTenik. Peakuusuer 200 °C-TaH TOMEH KYpri3reHie KapOOKCHIACHY O- jKOHE
M-TIO3UIUSIIApa O-THIPOKCUOCH30# KOHE M-THAPOKCHOCH30M KBINIKBUIIAPBIHBIH TY3UTyl HETI3iHAC KYpe/i;
o-uzomep OackiMm  (44,9-66,7%). Peakmumsuer 200 °C-TaH KOFapbl TeMIleparypaaa KYpPrisreHae TeK
M-TUAPOKCHOCH30M KBIIIKBLIBI O-TUAPOKCHOCH30M KBIIIKBLUIBIH KOCIIACHI3 TY3€/I1.

KanmuitatuikapOoHar xoHE HATPHUATIIIKApOOHAT THAPOKCHAPCHICPHiH ((eHONIap MCH OHBIH TYBIHABLIAPEI)
THIMII  KapOOKCHIIIEYIIl peareHTTepi eKeHIIrl aHbBIKTanabl. [ uapokcnOeH3ol JkoHE ruApokcuHadTon
KBIIKBUTIAPBIH CHHTE3ICYIIH HET13T1 OHePKACINTIK TOCLIi OipKaTap KeMIIUTiTi 6ap KeMipTeri JHOKCUI KBICBIMBIMEH
(Koms6e-1IMunT peaknusichl) CUITLT METaAapAbIH THICTI (hEHOTATTApPEl MEH HA(TOMATTaPBIH KapOOKCHUIIIEY OOBITT
caHalabl.

T'unpoxcuapenaepain KapOOKCWIIEY PEeaKUUsACBIMEH THAPOKCHAPOMATHUKANBIK KBIIIKBIIIAPABl KOHE OHBIH
TYBIH/IBUIAPBIHBIH aJIKHJI KOMIP KbIIIKbUIBIHBIH CUITLIIK TY3bl apKbUIbI Iy IbIH 3€PTXaHAIBIK PErIaMeHT] d3ipJieH/l,
ol «MyHaWXUMUSUTBIK CHHTE3IEP» KYPCHI asiChIH/IA 3ePTXaHAJIBIK KOHE TOKIPHUOETIK )KYMBICTap/Abl JKYy3ere acsIpyaa,
conpaii-ak on-Papadbu areiHparel Kaz¥VY xumus  QakynbreTiHiH «OpraHukanblK —3aTTapblH  XUMHSIIBIK
TEXHOJIOTHSICH KOHE « MYHAMXUMUs» MaMaHIbIFbI OOMBIHINA TUTUIOM/IBIK KOHE MArHCTPIIIK jK00amapabl OpbIHIAY
Ke3iHJie OKy OaFqapiaMachiHia KOJIJaHyFa 00iabl.

Tyiiin ce3mep: kapOOKCHIIEy, THIPOKCHAPEHACP, THIPOKCHOCH30H KBIIIKBUIBI, KOMIPKBIIIKBUT Ta3bl, Kaaui
STHII KapOOHATHI, M-TUAPOKCHOCH30 KBIIIKBLTEL.

®.M. Kananuena, H.7K. Kynaiioeprenos, M. Typcoinxankbi3bl, A.A. Kypmaiies

®DaxyIpTET XUMHUH U XUMHUUECKOH TeXHOJOrHH, Kazaxckuil HAlMOHATBHBI YHHBEPCHTET
M. anb-Papabu, Anmatsel, Kazaxcran

KAPBOKCUJIMPOBAHUE I'HIPOKCUAPEHOB 3TUJIKAPBOHATOM KAJIUA

AnHOTanusi. V3ydeHo BIMSIHUME YCIIOBUH TpOBENEHMS peaklMu KapOOKCWIMpOBaHMS (eHoda U ero
MIPOM3BOJHBIX (IIPOJYKTOB HE()TEXMMHUH) LIETOYHBIMHU COJISIMH QJIKMIIKAPOOHOBBIX KUCIIOT (KajlMi STHIKapOOHAT),
JIETKO CHHTE3MPYEMbIX M3 JMOKCHAA YIJIEpOAad, CIUPTOB M THUAPOKCHJIOB ILNEIOYHBIX MeTauioB. DddeKkTHBHbIE
CHOCOOBI TIOJTyYEeHUS IPAKTHIECKN LIEHHON M-THIPOKCHOEH30HHON KHUCIIOTHI U JPYTHX THAPOKCUOCH30MHBIX KHUCIIOT
(xmacc coenuHEHHH, 00MaNAOIUX MIMPOKMM CIEKTPOM OHMOJIOTMYECKH aKTHBHBIX CBOMCTB M APYIUX IOJIE3HBIX
CBOWCTB) aKTyalbHBL. Pa3paboTaHHBIN crmoco® CHHTE3a THIPOKCHOCH30MHBIX KHCIOT IIO3BOJISET 3HAYUTEIHHO
ObIcTpee, MpoILE U JCIIEBIe ONTUMHU3HPOBATh OOJIBIIMHCTBO MAapaMETPOB (IABICHUE, TEMIIEpATypa, MPOIOIDKUTEIb-
HOCTb PEAKLUH, COOTHOLIEHHE KOMIIOHEHTOB pEarupyrooliux BELIECTB) M MAaKCHUMAaJIbHO YBEIWYHUTh BBIXOJ
npoaykToB. Pa3zpaboTaH HOBBIH MpocTOl M yAOOHBII METOA CHUHTE3a M-TUAPOKCHOCH30HOM KHCIIOTHI IO PeaKIuu
KapOOKCHIMpOBaHUS (DEHONA C ITHIKApOOHATOM KalHs, KOTOPBIH MO3BOJISAET IOJYYHUTh LEJIeBOH MPOIYKT Oe3
MPUMECH O-THIPOKCHOCH30MHON KHCIOTHL. J[Jisi MaKCHMaabHOIO MOCTHXKEHHUS LEIM M PACKPBITUSA MPoOJieM ObLIH
BBITIOJIHEHBI CJICAYIOMIME 3adavdd: HAXOXKIACHUC OINTUMAJIbHBIX MapaMETPOB IMPOBEACHUSA PCAKIINU Kap601<cy1m/1po—
BaHMs THAPOKCHAPEHOB M X NPOU3BOIHBIX METaJUIAJIKWIKapOoHaTtamu. VccienoBaHue mapameTpoB IPOBEICHUS
peakuuy KapOOKCHIMPOBAHUS THAPOKCHAPEHOB MIEJIOYHBIMH COJIIMH aJKHIIYTOJIBHBIX KHCJIOT IIPU Pa3IMYHbBIX
JIaBJICHUH, TEMIIEPATypPbl, MPOJODKUTENEHOCTH PEaKIM W IPH pa3HbIX COOTHOLIEHHsX peareHToB. Ilpm mocrtu-
JKEHUH ONTHUMAJBHBIX I1apaMETPOB IMpollecca OXMAACTCS MOBBIIIEHHE BBIXOAA LENEBBIX HPOJYKTOB — THIPOK-
CHAapOMaTHYECKHX KHCIIOT.

BriepBbie ObUTH HalileHBl ONTHMMAaJbHBIE YCIOBHS [UIS PErHOCENIEKTHBHOIO I-KapOOKCHIMpOBaHUS (eHoma
(maByeHHe IUOKCHIA YTJIEpoJa, TEMIIEPATypa W MPOAOJLKUTEIBHOCTD MPOLEcca), P KOTOPOM BBIXOA M-THAPOK-
cubeH30iHO# KucIoThl coctaBisieT 71,0%, a Taxke BIMAHUE PA3IHIHBIX 3aMECTHUTENICH B apOMaTHYECKOM KOJIBIE
10 BEIXOJY LIEJICBBIX NPOAYKTOB KapOOKCHIMPOBAaHUS (PEHOIBHBIX IPOM3BOIHBIX ONpelessieTcs KapOOHaThl HaTPHs
M Kajus. YCTAHOBJICHO BJIMSHUAE HPUPOIBI AJKUWIBHBIX TPYII AJKHIKAPOOHATOB Kalksl Ha KapOOKCHIIMPYIOIIYIO
AKTUBHOCTD IOCJICAHUX B pCaKUU Kap601<cy1m/1p03aﬂml (beHona. Mpl HU3Yy4YUJIM, YTO TEMIICpATypa CUJIIbHO BJIMACT Ha
HarpapieHue kapOokcuiupoBanust (enona. [lpu npoBexenun peakimun Hmwke 200 °C xapOOKCHIMpPOBaHHE
NPOTEKaeT B O- M P-TIOJIOKEHUSAX C OOpa3oBaHUEM O-TUAPOKCHOCH30MHOW W I-TUAPOKCHOCH30MHONW KHCIIOT;
npeobnanaer o-uzomep (44,9-66,7%). Ilpu mpoBeneHun peakiwm npu temmeparype Beime 200 °C obOpa3syercs
TOJIBKO TI-THAPOKCUOEH30MHAsl KUCI0Ta 0€3 IPUMECH O-THAPOKCUOEH30HHOM KHUCIIOTHI.

YCTaHOBIIEHO, YTO KANMHITHIKAPOOHAT M HATPHUIATHIKAPOOHAT SBISIOTCS 3(PGEKTUBHBIME KapOOKCHIMPYFO-
OIMMHA peareHTaMHu THAPOKCHApeHOB (()€HOJIOB M HMX NPOM3BOAHBIX). OCHOBHBIM IPOMBIIUIEHHBEIM CIIOCOO0OM
CHHTE3a THUAPOKCHOCH30MHBIX M THAPOKCHHAMTONHBIX KUCIOT SBIAETCS KapOOKCHJIMPOBAHUE COOTBETCTBYIOIIMX
(heHONIATOB ¥ HAPTOJIATOB ILENOYHBIX METAJUIOB IOJ] JaBJIEHHEM TUOKcHaa yriepoaa (peakuus Konwoe-IlImuara),
MMEIOIINH PSIZl CEPbE3HBIX HEIOCTATKOB.
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PazpaboTanu 1a60paTOpHBIN PETIAMEHT MOIYYEHHs THAPOKCHAPOMATHUECKUX KUCIOT peakiueld KapOoKCHiIn-
pPOBaHUS THUAPOKCHAPEHOB M HX IPOU3BOAHBIX ILENOYHBIMU COJSMM AIKHIYTOJBHBIX KHCJIOT, KOTOPBIA MOXKET
UCIIONIb30BaThCsl B YUEOHOW Iporpamme MpH peajn3aiuy JabopaTOpPHBIX M MPAKTUYEeCKUX padoT B paMKax Kypca
«Hedrexumuueckre CUHTE3BD, @ TAK)KE MPU BBINOJHEHHH JUIUIOMHBIX U MAarMCTEPCKHX MPOEKTOB IO CIIEIHab-
HOCTH «XWMHYECKasi TEXHOJIOTHsl opraHudeckux BemectB» u «Hedrexumus» xumunueckoro gaxynprera KasHY
uMm. anp-Papadu.

KiroueBble cjioBa: KapOOKCHIMPOBAaHHUE, THIPOKCHAPEHBI, THIPOKCHOEH301HasI KHCIIOTa, TUOKCH]L YIiepoaa,
STHIKapOOHAT Kalus, N-THAPOKCUOEH301Hast KUCIIOTA.
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