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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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HETEROGENEO-CATALYTIC SYNTHESIS
OF VINYL CHLORIDE AND CHLOROPRENE FROM ACETYLENE

Abstract. For the catalytic hydro chlorination of acetylene in the vapor phase based on local raw materials for
the Zola-gel technology, we selected an active and high-performance catalyst (ZnCl)*(FeCls)y*(CuCl,), and also
under the influence of various factors (partial pressure, temperature, ratio of reagent properties, contact time, catalyst
concentration) the yield and reaction rate were studied with the participation of the selected catalyst. Based on the
results obtained, a kinetic equation was proposed that satisfies the reaction, its adequacy is estimated, and a scheme
of the reaction mechanism and the basis on the kinetic model are proposed. Because of studying the influence of the
mass transfer coefficient on the process productivity and the influence of other factors, the technological parameters
of the catalytic flocculants of vinyl chloride and the chloroprene extraction reactor of acetylene were calculated and
the main indicators of the compatibility of technological capabilities of environmental and economic factors were
substantiated. The successful development of the production of VC from ethylene was associated with the search for
a cheaper hydrocarbon feed than acetylene. Analysis of the structure of the cost price of VC obtained by various
methods shows that the acetylene method gives the highest cost, with acetylene accounting for about 90%. However,
the world hydrocarbon price environment is constantly changing. In the future, it is possible to increase prices for oil
and gas raw materials, the convergence of prices for acetylene and ethylene, and the latter may lose its main
advantage in this regard.

Keywords: vinyl chloride, synthesis, acetylene, polyvinyl chloride, catalyst.

Introduction. It is shown for example; that the cost of VC is approximately the same if the cost of
acetylene is higher than ethylene, even by 40%. A known method of producing VC by gas-phase hydro
chlorination of acetylene at 80-200 °C in the presence of a fluidized catalyst bed - mercuric chloride on
activated carbon and isolation of the target product by distillation. This method is characterized by
insufficiently high productivity of the used catalyst. Vinyl chloride (VC) and chloroprene are a valuable
monomer for the production of polyvinyl chloride - artificial rubber and others. Polyvinyl chloride (PVC)
is one of the most versatile thermoplastics with a wider range of applications than all other plastics. Not
surprisingly, it is used everywhere and has a positive attitude towards it. Indeed, PVC is a universal,
stable, hygienic, safe and cost-effective material that has significant advantages over other materials. Over
90% of vinyl chloride is consumed in the production of polyvinyl chloride. PVC is used for molding and
molding of hard products - window and doorframes, water pipes, technical and construction products.
From plasticized PVC (flexible PVC) linoleum is made, insulation for wires. Apply PVC for the
manufacture of artificial leather, shoes, chemical dishes [1]. Vinyl chloride is currently mainly produced
in several ways [2].

Methods for producing vinyl chloride. Synthesis of VC by alkaline dehydrochlorination of one,
2-dichloroethane. In industry, two methods for dehydrochlorination with alkali are used to obtain VC from
DCE: in the liquid phase: CH»CI - CH,Cl + NaOH — CH; = CHCI + NaCl + H,O; in the gas phase:
CH>Cl - CHCl — CH;, = CHCI + HCI.

Liquid phase dehydrochlorination is carried out in vertical batch or continuous cylindrical reactors
equipped with a jacket and a propeller stirrer. Methyl or ethyl alcohol and 42% alkali are charged to the
reactor, and then DCE is gradually added.
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Due to the presence of alcohol, which dissolves both DCE and alkali, the process takes place in a
homogeneous liquid medium. Temperature 85-90 °C at a pressure of 2 atmospheres. The duration of the
process is 5—6 hours. The disadvantage of this method is the frequency. The consumption of alkali and
alcohol is also great. For 1 kg of VC, 0.82 tons of solid alkali and 0.12 kg of alcohol (100%) are needed.
Therefore, a continuous process of alkaline dehydrogenation of DCE has been developed - by mixing
DCE with 6% sodium hydroxide solution, at T = 140 °C and a pressure of 10-12 atmospheres. Contact
duration 2-3 minutes. The yield of BX is 90-92%.

Getting VC through the stage of formation of DCE. The synthesis of chemical compounds of their
ethylene and chlorine is carried out in two stages: chlorination of ethylene; the removal of hydrogen
chloride.

Ethylene chlorination is usually carried out in the liquid phase. As a feedstock, both concentrated
ethylene and ethylene diluted with inert gases are used. The reaction proceeds according to the scheme:

CH, =CH; + Cl, — CH)CI1 - CH)CI.

The reaction is carried out in a DCE solution at a temperature of 25-50 °C and a pressure of 1 to
20 atmospheres in the presence of chlorides. The yield of DCE reaches 95% with an ethylene conversion
of 98%.

The removal of hydrogen chloride can be carried out in various ways. In one method, dichloroethane
is treated with alcohol alkali or an aqueous alkali solution:

CH,CI1 - CH,CIl — CH; = CH,Cl + HC1

However, due to the consumption of large quantities of auxiliary substances, this method is very
disadvantageous and is currently almost never used in industry. Thermal decomposition of
dichloromethane is widely used in industry:

CH,CI - CH»Cl — CH, = CHCI + HCl

Pyrolysis is carried out at a temperature of about 500 °C above pumice or kaolin. The reactor consists
of two pipes inserted into each other (with a diameter of 100 and 70 mm). The VC yield is up to 95%, and
the degree of DCE conversion is maintained at a level not exceeding 50%. Specific capital costs for the
production of VC by this method are relatively small. The advantage of the method is the availability and
low cost of raw materials. The main disadvantage of this method is the need for the disposal of large
quantities of hydrogen chloride [3].

The combined process of obtaining VC from a concentrated mixture of acetylene and ethylene.
The process consists in obtaining one, 2-dichloroethane from ethylene, followed by its thermal
dehydrochlorination at 400450 °C in VC; Hydrogen chloride released in this process is sent to acetylene
hydrochlorination. The process is described in the following diagram:

CH = CH + HCI — CH, = CHCI
CH, = CH; + Cl; — CICH; - CHCl
CICH; - CH2Cl — CH, = CHCI + HCl

The combined method for producing VC turned out to be 30 and 14% more economical than alkaline
dehydrochlorination of 1, 2-dichloroethane and acetylene hydrochlorination, respectively, since 50% of
acetylene is replaced with less expensive ethylene; At the same time, hydrogen chloride is skillfully used.

The mixture is sent for hydro chlorination, which is carried out at 180 °C; the degree of acetylene
conversion is close to 100%. After extraction of the BX from the gas, the gas enters into the chlorination
of the ethylene contained in it. The ratio between chlorine and ethylene provides a 2-3% excess of
ethylene versus stoichiometric; the one, 2-dichloroethane formed after cooling and purification is
transferred to dehydrochlorination, the degree of conversion of 1, 2-dichloroethane per passage is about
70%.

This method is economically disadvantageous, as half of the ethylene is replaced by acetylene that is
more expensive.

Obtaining VC by catalytic chlorination of ethane. The Lummus Co announced the technology it
developed for producing VC in a single reactor, which simultaneously carries out the stages of
chlorination, oxidative chlorination and dehydrochlorination (the so-called “transcat process”).
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The yield of vinyl chloride is 98% for chlorine and 80% for ethane. Thanks to the use of cheaper
ethane, the cost of VC is reduced by 25%. The method is applicable to other combined processes.

In addition to the above, there are two more ways of synthesizing VC: oxidative chlorination of
ethylene with ammonium chloride and oxidation of ethyl over chromium oxide precipitated on alumina.

Chlorine-balanced process for producing VC from ethylene. This process is a combination of
three reactions: direct additive chlorination of ethylene in one, 2-dichloroethane, thermal
dehydrochlorination of one, 2-dichloroethane in VC and oxidative chlorination of ethylene in VC using
hydrogen chloride formed during dehydrochlorination:

2H,C = CH, — 2 CICH; - CH,Cl

CICH; - CH,Cl — CH, = CHC1 + HCl

CH, = CH; + 2HCI + 0,50, — CH, = CHCI + H,O
3CH; = CH; + 2Cl, + 0,50, — 3CH,; = CHC1 + H,O

As a result, VC is obtained from ethylene, chlorine, and oxygen, chlorine is completely consumed,
and hydrogen chloride is not formed.

The ox chlorination step is carried out in a fluidized bed reactor at a pressure of 0.3-0.5 MPa at
210-250 °C. Ethylene, recycle gas and hydrogen chloride are mixed in a mixer, to which technical oxygen
is added.

The pyrolysis of DCE in VC and HCl is carried out in a tube furnace under a pressure of 1.5-2.0 MPa
and 500 °C. The resulting vinyl chloride contains 99.9% of the basic substance and is quite suitable for
subsequent polymerization. Currently, this method is one of the most economical to obtain VC [4].

Getting VC from acetylene. The liquid-phase method for producing VC from acetylene and
hydrogen chloride consists in passing the latter through a catalyst. The process is carried out at a
temperature of 50-95 °C in the bubble-type reactors. The concentration of HCI in water should be at least
5%. Acetylene conversion per passage is 40-50% on copper catalysts and 75-90% on mercury.

Of great interest is conducting studies on the hydro chlorination of acetylene in the liquid phase in the
presence of a homogeneous or suspension sublimate catalyst. The main difficulty in the implementation of
the process is the choice of structural materials for a strapped reactor; for pumps, valves, etc.

The main advantage of the liquid-phase process [5] is the relative ease of solving the problem of heat
removal, and, consequently, the enlargement of the reaction apparatus. The disadvantages of the process
include the lower conversion of acetylene and the selectivity of the process, as well as the greater
complexity of the hardware design of the reaction unit and the technological scheme [6, 7].

In order to eliminate this drawback, it is proposed that the catalyst used in the process be further
promoted with lanthanum chloride. The performance of the catalyst is increased by 15-20%. The content
of active substance (mixture of mercuric chloride and lanthanum chloride or their compounds) in the
catalyst is 12.9 wt. percentage. The temperature of the process is 220 °C. Thus, the obtained data can be
the basis for the development of a fundamentally new technological scheme for the production of VC from
acetylene [8].

Hydrochlorination of acetylene in the gas phase. The successful development and implementation
of this process in the industry was facilitated by the simplicity of technological design and high rates. The
process is carried out in a stationary catalyst bed. The reactor is a shell-and-tube apparatus, in which the
refrigerant circulates in the annular space, the catalyst is loaded into the tube space [9-14]. The
temperature of the process is 120-220 °C. The catalyst is mercury dichloride (mercuric chloride) deposited
on activated carbon. The sublimate catalyst (average mercuric chloride content 10-12%) is characterized
by high activity and selectivity, the degree of acetylene conversion is about 99%, and the selectivity
according to VC is 98-99%. As a rule, hydrochlorination is carried out in a mode with 5-10% excess
hydrogen chloride. The unit capacity of the reactor is 2-10 thousand tons per year. Due to the rapid
development of the production of VC based on ethylene according to a balanced scheme, the process of
hydrochlorination of acetylene has now lost the position of the leading industrial method and exists only
as a chemical stage of combined schemes.

First subjected to hydrochlorination without separation, and then ethylene is chlorinated to
dichloroethane, after dehydrochlorination of which the resulting VC is returned to hydrochlorination.
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The successful development of the production of VC from ethylene was associated with the search for
a cheaper hydrocarbon feed than acetylene. Analysis of the structure of the cost price of VC obtained by
various methods shows that the acetylene method gives the highest cost, with acetylene accounting for
about 90%. However, the world prices for hydrocarbons are constantly changing. In the future, it is
possible to increase prices for oil and gas raw materials, the convergence of prices for acetylene and
ethylene, and the latter may lose its main advantage in this regard. It is shown for example; that the cost of
VC is approximately the same if the cost of acetylene is higher than ethylene, even by 40%.

All of the above convincingly shows that the problem of creating new production of VC from
acetylene at the modern technical and economic level, as well as the improvement and intensification of
existing ones, is relevant [15]. The production of VC from acetylene in our country has a low
technological level. One of the most mastered methods is the combined method described above. The
Japanese company «Kureha» developed this technology [16-17].

VC at the stage of hydrochlorination of acetylene is formed by the interaction of acetylene contained
in the cracking gas of naphtha and hydrogen chloride, obtained at the cracking stage of DCE in the
presence of a catalyst - mercuric chloride supported on activated carbon, by the reaction:

CH = CH + HCl — CH2 = CHCI + 25.5 kcal / g'mol

Further development of the industrial method of producing VC from acetylene can go along the path
of creating aggregates of large unit capacity (60-120 thousand tons per year). However, the increase in the
productivity of acetylene hydrochlorination reactors in a stationary catalyst bed is limited primarily by the
heat removal rate. A study of the kinetics of this reaction showed that under industrial conditions, the
specific activity of the catalyst is 10-15% of the kinetically possible. An increase in the load on the
catalyst without effective heat removal leads to overheating of the catalyst, sublimation of mercury
chloride and its entrainment and, ultimately, a significant reduction in the life of the catalyst. Therefore,
the implementation of the acetylene hydrochlorination reaction in a stationary unit of high unit power will
require significant complication of the hardware design of the reactor unit. Therefore, further
improvement of the catalyst is necessary [18].

For effective heat removal, dilution of the catalyst with inert materials is also used, and dilution is
carried out only in the first catalyst layer. This reduces local overheating and prevents rapid degassing of
the catalyst [19].

A.L. Macho and B.K. Turin dealt with the issue of increasing catalyst productivity. The process of
obtaining VC from acetylene is carried out on a catalyst, which is a mechanical mixture of activated
carbon without any impregnation and coal impregnated with a 10% mercuric chloride solution, in a ratio
of 1: 3. It is proposed to conduct the process first on a mixture of activated carbon without impregnation
and coal, impregnated with a 10% solution of mercuric chloride, and then on the catalyst, consisting of
coal, impregnated with a 10% solution of mercuric chloride and 8% solution of ammonium vanadium. The
reaction gas mixture is fed from the bottom up. A moving layer of heat carrier (water) of isothermal
cooling removes heat from the reaction zones. The performance of the method increases by 1.5 times [20].

The traditional method of manufacturing the catalyst is to impregnate the carrier with an aqueous
solution of mercuric chloride followed by drying.

The method of manufacturing such a catalyst developed at TU NPO Sintez (Moscow) consists in the
fact that mercuric chloride is applied to the carrier by sublimation of dry salt, followed by absorption on
the surface of activated carbon. This method is called STO - dry heat treatment. According to the
developers, the SRT method makes it possible to obtain a better catalyst, since the mercuric chloride is
deposited in fact with a monomolecular layer, that is, the probability of cluster formation is reduced. Such
a catalyst is characterized by a longer service life and, possibly, increased activity. According to the staff
of NPO Sintez, the application of the STO method can extend the life of the catalyst by 1.5-2 times. In
addition, the stage of preparation of an aqueous solution of mercuric chloride and, as a consequence, the
removal of mercury containing wastewater is excluded. [Nineteen].

Thus, all of the above makes this method quite promising in technical and economic terms, which
explains the continuation of work to improve it.
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Currently, the annual global productivity of vinyl chloride is 42 million tons of which 98% is spent on
polyvinyl chloride. The largest vinyl chloride companies are Oxy-Vinyl, Dow Chemical, Mitsubishi
Chemical, Georgia Gult, which produce vinyl chloride by catalytic hydrochlorination of acetylene. The
disadvantages of their methods are: they use a toxic substance (HgCl,), unstable catalysts, a low degree of
catalyst activity (0.5-1 year), and also due to the volatility of mercuric chloride, the low-temperature
process (150-180 °C) is another disadvantage of this method lies in the fact that the catalyst carrier is
activated carbon, which corresponds to its low mechanical strength [21-23].

The most convenient way to obtain vinyl chloride in the Republic of Uzbekistan is the preparation of
a cheap, active, selective and high-performance catalyst based on domestic raw materials for the catalytic
hydrochlorination of acetylene.

In general, the reaction of catalytic hydro chlorination of acetylene is as follows:

HC=CH + HCl — CH2 = CHCIl, AH = -112.4 kJ / mol.

The process of acetylene hydrochlorination is in addition to reversible. At low temperatures, the
equilibrium mixes to the right, at 200 °C Kp = 8-10*, and at 300 °C Kp = 7-10. Therefore, when acetylene
reacts with hydrogen chloride, vinyl chloride is formed from the beginning, and then 1.1-dichloroethane:

CH=CH —2“ yCH, = cHCl —2“3 CH; - CHCl,

Therefore, to obtain vinyl chloride by the first reaction, the HgCI2 and CuCl salts that accelerate the
indicated reaction are a selective catalyst. When acetylene is hydrochlorinated, the following adverse
reactions are possible:

CH, = CHCIl + HCIl — CH3 — CHCl,
2CH=CH —-CH;=CH-C=CH
CH,=CH-C=CH + HCl — CH, = CHCI - CH = CH,

Conclusion. Therefore, the hydrochlorination of acetylene and its homologues is carried out in the
presence of selective catalysts that accelerate only the first stage of addition. For this purpose, salts of
divalent mercury and monovalent copper are effective.

Of divalent mercury salts, mercuric chloride HgCl, is used. In addition to the main reaction, it greatly
accelerates the hydration of acetylene with the formation of acetaldehyde. For this reason, and because of
the deactivation of mercuric chloride in hydrochloric acid solutions, it is used in gas-phase process at
150-200 °C, using possibly drier reagents. In this case, acetaldehyde (due to a small admixture of
moisture) and 1.1-dichloro-ethane are incidentally formed, but the yield of the latter does not exceed 1%.
Vinyl chloride is currently mainly prepared in two ways: by hydrochlorination of acetylene with hydrogen
chloride at 190-220 °C in the presence of a mercuric chloride supported on activated carbon and by
dehydrochlorination of 1,2-dichloroethane. Chloroprene is mainly obtained by hydrochlorination of
vinylacetylene in the presence of mercury and copper (at 50-60 °C in the presence of copper chloride)
catalysts. The joint catalytic synthesis of vinyl chloride and chloroprene by hydrochlorination of acetylene
is an urgent task of synthetic organic chemistry. In order to simultaneously produce vinyl chloride and
chloroprene, we studied the gas-phase coupled.

K. Akmanaityast!, H. ®aiizyanaes?
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BUHWJI-XOPU U )KOHE XJIOPOIIPEH/JIEP
I'ETEPOI'EHAI-KATAJIMTUKAJIBIK CHHTE3I

AHHOTaUMs. «30I-TeNb» TEXHOJOTHACBIHA apHAINl >KePTUTIKTI INWKi3aTKa Heri3genreH Oy (azaceiHOa
AlleTWICHHIH KaTAINTHKAIBIK THAPOXJIOpJIaHy PeakIHsAChIHA OEJICeHMl OHE OHIMIUIIT KOFapbl KaTalh-3aTOP.bl
(ZnC12) x * (FeCl3) y * (CuCl) z Tanman anublk, COHBIMEH KaTap TYpii ¢akropnap acepiHeH (imliHapa KbICHIM,
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TEMIIEpaTypa, PEaKTUBTIK KAaCHETTEep KAaThIHACHI, OaiJlaHBIC YaKbITBI, KaTajJM3aTOp KOHLEHTPALMSCHl aHE T.0.)
TaHJAJIFaH KaTalM3aTOPIbIH KaTbICybl HETI3IHJE IUBIFBIM JKOHE pEakUMs >KbUIIAMIBIFBI 3€pPTTENAl. AJIBIHFaH
HOTH)KENEpre CYWeHe OTBIPBIN, peaKklMsHbl KaHAFaTTaHIbIPAThIH KUHETHKAIBIK TEHJIEY YCHIHBUIIbI, OHBIH aJIeKBaT-
TBIFBI OarasiaHa bl )KOHE PEeaKIUs MEXaHU3MIiHIH cyI0achl )koHe KMHETHKAIBIK MOJEIb HET131 YChIHBLUIa b

Macca aypicy (TacsiManay) K03(h(OUIIMESHTIHIH MpoLiece OHIMILTIrIHE )XoHe 0acKa (GaKTopiapra dCepiH 3epTTey
HOTIDKECIHIE BUHIIXJIOPHITIH KaTaJUTHUKAIBIK (DIOKYISIHTHL JKOHE aleTHIICHHIH XJIO-popeH amy peakTOPHIHBIH
TEXHOJIOTHSUIBIK TIapaMeTpiiepi ecenTelli >KOHE SKOJOTHSUIBIK, SKOHOMHUKAIBIK (aKTOpIapIblH TEXHOJIOTHSIIBIK
MYMKIHAIr YHJIECIMAUTITIHIH Heri3ri KepceTKiluTepi Herizuenai. 3epTTey HOTWKECIHAE BHUHHWIXJIOPUA IEH
XJIOPOTIPeH I OIPIKTIpin KaOBLIAAYIbIH TEXHOJOTUSUIBIK ChI30achl Kacajbl, YICPICTIH MaTepHAAbIK OallaHChI
ecenTei.

CoHpaii-ak, BUHWIXJOPHI TI€H XJOPONpEHHIH OipJeckeH ©HMipici, aNeTWICHHIH CYHBIK (a3amarsl
TUAPOXJIOpAIHA YAepici 3epTTeni. ANeTHICHHIH KOFapbl CEIEKTUBTUIINT MEH KOHBEPCHACHIMEH BHHII-XJIOPU/ TIEH
XJIOPONPEH OHJIPICIH KaMTaMachl3 €TETiH YJepic rmapamerpiepi aHbIKTauAbl. ALETHIICH THAPOXJIOpIayAblH Keioip
KUHETUKAJIBIK 3aHIBUIBIKTAphI Ja 3epTTeiai. COHABIKTAaH aleTHICH MEH OHbIH TOMOJIOITAPbIH MHIPOXJIOpH3aLUsiiay
TEK KOCYJBbIH aJIFalllKhl KE3CHIH JKCACIICTETIH CEJICKTHBTI KaTaIH-3aTOPJIApIbIH KAaTBICYbl HETI3IHAE JKy3ere
aceIpbUTabl. Byt yiniH OeJiHEeTiH ChIHAI [TEH MOHOBAJICHTTI MBIC TY3bI THIMJI.

Beminerin cemHan Ty3piHaH HgCl, ceiHan xmopunmi KoimaHbUIagsl. Herisri peakmusimaH 0acka ameTHIIICTH]
maiina OOJybl apKBUIBI alleTHIICH THIPATAIMSICHIH edyip xKbuimamaataabl. COHIOBIKTAH TY3 KBIIIKBUIB ePITIHIICIHIE
CHIHAIl XJIOPUJIH 3aIAIChI3IaHbIpyFa OallaHbICThl KypFaK peareHTTepai maiinanansm, 150-200 °C temnepary-
panarbl ra3 (aszachiHIa KOJIIaHbUIaabl. byt sxarmaiiaa aneranbaeru (bUFaiibl KOCIAHBIH a3/bIFbIHa OalIaHbICTHI)
xoHe 1,1-InMXJI0po3TaH Ke3eHCOK KalbINTacaabl, OipaKk COHFBICHIHBIH MIBIFBIMBI 1%-1aH acnaiinsl. Bunmixiopun
Kazipri Ke3Je Heri3iHeH eKi )KOJIMEH: aKTUBTEHAIPUIreH KeMipre KOJjiay KepCeTeTiH ChIHAN XJIOPUIIHIH KaThICYbI
HeTi3iHAe aneTunenni cyTeri xnopuaiver 190-220 °C-ta runpoxsopiay sxoHe 1,2-IHXI0p3TaHAB AETHAPOXIOPIAY
apKBUTBl JalbIHOANAAbl. XI0pOo(pPEeH HEeTi3iHeH ChIHAI MEH MBICTHIH KATBICYBl apKbUTBI (MBIC XJIOPHUIIHIH KATBHICYBI
50-60 °C) karanuzaTop KOCy HETi3iH/e BUHUIAETHIIEH THIPOXJIOPIAiIbL.

Kasipri yakpITTa BUHWIXJIOPUATIH JKbUT CAMBIHFBI QJIEMIIK OHIMALTITT 42 MIIH. TOHHAHBI Kypaiabl, OHbIH 98%
MOJIMBUHUIIXJIOPUJIKE KyMcaiapl. BUHMIXIIOPUATIH 1pl KOMIIAHUSIIAPHI — allETHICHHIH KaTaIUTHKAJIBIK THIPOXJIO-
paumsicbl apKpuibl BUHWIXJIOpH] wmibiFapateid Oxy-Vinyl, Dow Chemical, Mitsubishi Chemical, Georgia Gult.
OmicrepiniH kemmiiri: yiusl 3atTel (HgCly), Typakch3 KaTanu3aTopIpl, KaTadu3aToOpaslH TOMEH IeHTeii OelceH-
nimiria (0,5-1 sxac) mafimanmaHanpl, COHBIMEH KaTap CHIHAINl XJIOPUAIHIH KyOBUTMANBUIBIFRIHA OaiiaHBICTHI YIepic
TeMeH Temmeparypana xypeai (150-180 °C), atanran omicTiH Tarbl Oip KeMIIUIri MbIHaJgal: aKTHBTEHIIPUITeH
KOMIpPTEri OHBIH 9JICI3 MEXaHHKaJbIK OEpIKTIriHEe COWKeC KeJETIH KaTalu3aTrop TachIMalAAaylIbIChl KbI3METiH
aTKapassl.

Bunnnxnopun amyablH BIHFAMIBI 9fici — aNETWICHHIH KaTaIUTHKAJIBIK THIPOXJIOPAIMACH! YIIIH OTAaHIBIK
IIMKi3aT HEeTi3iH/Ie ap3aH, OeNICeH] i, CEIEKTUBTI JKOHE JKOFaphl OHIMI KaTadn3aTop JalbIHIAY.

Tyiiin ce31ep: BUHWIXJIOPH, CHHTE3, AllETHIICH, TOJMBHHIIXJIOPU, KaTAIN3aTOP

K. Axmanaiiyast’, H. ®aiizyanaes?
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TETEPOTEHHO-KATAJIMTUYECKHI CUHTE3 BUHUJIXJIOPHAJIA
N XJIOPOITPEHA N3 AIIETHJIEHA

AnHoTanusi. Jns peakuuy KaTalUTUYeCKOrO THAPOXJIOPHPOBAHHS alleTWIICHA B MApoBOi (a3e HA OCHOBE
MECTHOTO CBIpbsl Uil «30JI-Tellb» TEXHOJIOIMH, HaMH ObUl BbIOpaH aKTHBHBIH M BBICOKOIPOM3BOANTEIbHBIN
katanmu3arop (ZnCly)*(FeCls),*(CuCl), a Taxxke HOA BIMSHUEM pa3IH4HBIX (DaKTOPOB (IapLUalIbHOE NaBJeHHE,
TEMIIEpaTypa, COOTHOLICHHUE CBOWCTB DPEareHTOB, BpeMsl KOHTaKTa, KOHIEHTpAIMU Karaiu3aropa H.Jap) ObUIM
HCCJICAOBAHbI BBIXOJ M CKOPOCTH PE€AKIUH C yYaCTUEM Bbl6paHHOFO KaTajum3aropa. Ha ocnoBanun TMOJIYUYCHHBIX
Pe3yJIbTaToB OBUIO MPEJIOKEHO KHHETHUECKOE ypaBHEHHE, YAOBIETBOPSIOIIEE PEAKLIUH, OLIEHEHa ero aeKBaTHOCTh
W MPEUIOKEHA CXeMa MeXaHU3Ma PeaKlui, OCHOBAHUSI Ha KHHETHYECKOH MOZEIIH.

B pesynbrate uccnemoBanus BIUsSHEUS Ko3((UIMEeHTa Macconepeaad (TPaHCIIOPTHPOBAHUS) HAa TPOHU3BOIH-
TENBHOCTh TPOIECCa W BIUSHUS APYTUX (PAKTOPOB OBUIM PACCUYUTAHBI TEXHOJIOTHYCCKHE MMapaMeTphl KaTalTUTH-
94ecKoro (hIOKyJIsTHTa BHHIJIXJIOPHIA M XJIOPOIPEHOBOTO 3KCTPAKIIMOHHOTO PeakTopa aleTWieHa U 00O0CHOBAaHEI
OCHOBHBIC TI0Ka3aTeId COBMECTHOCTH TEXHOJIOTHYECKHX BO3MOXKHOCTEH 9SKOJIOTHYECKUX W IKOHOMUYECKUX
(hakTOpOB.
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B pesymnpraTe TpOBENEHHBIX MCCIEIOBAHUI CO3/aHA TEXHOJOTMYECKas CXeMa COBMECTHOTO IOCTYIUICHHS
BUHWIXJIOPH/IA ¥ XJIOPOTIPEHA, a TAKXKe PACCUNTaH MaTepUAIbHBIA OaJaHC Iporecca.

Takke u3y4yeH MpPOLECC COBMECTHOTO IMOJYYEHUs BUHWIXJIOPUAA M XJIOPONPEH, TUIPOXJIOPUPOBAHHUEM
anetwiieHa B Jkunakoi Qase. Halimensl mapamerpsl mporiecca, oOecreunBarolie IMOJy4YeHHe BHHWIXJIOpUAa WU
XJIOPOTIPEHa C BBICOKOM CEJIEKTUBHOCTBIO M KOHBEpCHEH aleTwieHa. M3ydeHbl HEKOTOpble KHHETHYECKHE
3aKOHOMEPHOCTH Ipoliecca THAPOXIOPUPOBAHUS AlleTHIICHA.

[TosTOMYy THIPOXJIOPHUPOBAHHME aleTWIIEHA M €ro TOMOJOTOB IPOBOJST B IPUCYTCTBUHM CEJEKTUBHBIX
KaTaJIM3aTOPOB, YCKOPSIOIMX TOJIBKO TEPBYIO CTaHI0 NpucoeuHeHus. /st 3Toi nen 3QeKTUBHBIMUA SIBIISFOTCS
COJIM ABYXBAJEHTHON PTYTH U OJHOBAJIEHTHOU MeIH.

W3 coneit nByxBaneHTHOH pTyTH npuMenstoT cyiemy HgCl,. Kpome ocHOBHO# peakunu, OHa CHIIBHO YCKOPSIET
W THIpATaINio aleTuieHa ¢ oOpa3oBaHueM aneranpaeruna. [1o sTod mpuyuHe, a TakkKe H3-3a JAe3aKTHBHPOBAHUS
CYJIEMBI B COITHOKHUCIIBIX PACTBOPAX €€ HCIOB3YIOT B razodasznom npomnecce npu 150-200 °C, mpuMeHsis BO3MOXKHO
Goree cyxme peareHTHL [Ipm 3TOM mo604HO 00pa3yroTcsl ameTanpAerun (3a c4eT HeOOJBIIOW MPUMECH BIard) U
1,1-muxs0opaTaH, HO BBIXOJ MOCIEeTHEro He mpeBbimaer | %. XJIOpHUCTHIf BUHII B HACTOSIIEE BPeMS B OCHOBHOM
HOIy4aloT ABYMs CIOCOOAaMH: T'MAPOXJIOPHUPOBAHMEM AalleTHIEHA XJIOPHCTHIM BogopomoM Ipu 190-220 °C B
MIPUCYTCTBUHM CYJIEMbl, HAHECEHHOI'0 Ha AaKTHBHUPOBAHHBIN yroib M AETHAPOXJIOpUpPOBaHHEM 1,2-aUXIOpITaHa.
XﬂoponpeH B OCHOBHOM MOJYYa€TCA T'MAPOXJIOPUPOBAHMEM BUHHUJIALICTHUIICHA B NPUCYTCTBUU PTYTHBIX U MEIHBIX
(ipu 50-60 °C B IpHCyTCTBMM TIONYXJIOPUCTOM MEJIN) KATaTH3aTOPOB.

B Hacrosiee BpeMsi eXerojHas MUpPOBasi IPOM3BOANTEIBHOCTh BUHWIXJIIOPHIA cocTaBisieT 42 MIIH TOHH, U3
HUX 98% pacxomyercss Ha mosydeHne HoMMBHHWIXJIOpHaa. Camble OOJbIIME KOMIAHUHM TIO IPOHM3BOJACTBY
BuHWIxiopuaa — ¢upma Oxy-Vinyl, Dow Chemical, Mitsubishi Chemical, Georgia Gult, xotopsie mpu
KaTaIATHIECKOM THAPOXJIOPUPOBAHUS alleTHICHA MOIYyYaloT BUHIIXJIOpoA. HemoctaTkaMu UX METOOB SIBIISTIOTCS:
npumMenstoT sposutoe BemectBo (HgCly), HecTabuabHBIE KaTaaM3aTOpPbI, HU3KAs CTENEHb POOOTHI KaTainm3aTopa
(0,5-1 rom), a Takke H3-3a JETY4ECTH CYJEMBI Hpouecc-Hu3KoTemueparypusii (150-180 °C) emé ommmm wn3
HEJIOCTAaTKOM JaHHOTO METOJIa 3aKJIF0YAeTCsl B TOM, YTO HOCHUTEJIEM KaTalu3aTopa CIYKUT aKTHBHPOBAHHBINA yTOJIb,
YTO COOTBETCTBYET €r0 HU3KOM MEXaHWYECKOW ITPOUYHOCTH.

CaMbIM yZlO6Hl>lM CHOCO60M TMOJYUCHUSA BUHWJIXJIOpUAA SABJIAIOTCA MNPUTOTOBJICHUE JACHICBOr0, aKTUBHOTIO,
CEJIESKTHBHOT'O M BHICOKOIIPON3BOIUTEIFHOTO KaTaJlu3aTopa Ha OCHOBE OTEYECTBEHHOT'O ChIPhS VISl KATATUTHYECKOTO
TUIPOXJIOPUPOBAHUS AIICTHUIICHA.

KnioueBsle ci10Ba: BUHWIXIIOPH], CHHTE3, allETHIICH, TOJMBUHIIXIOPU, KaTalIn3aTop.
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