ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH

J.B. Cokonbckuil atbingarsl «Kanapmati,
KaTaJu3 JKOHE JIEKTPOXUMUSA HHCTUTYThD» AK

XABAPJIJAPLI

NU3BECTUA NEWS

HALIMOHAJIBHOM AKAJIEMUU HAVK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

AO «MHCTUTYT TOILUIMBA, KaTaJIn3a U JSC «D.V. Sokolsky institute of fuel, catalysis

anexkrpoxumun uM. J[.B. Cokxonsckoro» and electrochemistry»
SERIES

CHEMISTRY AND TECHNOLOGY

2 (440)

MARCH - APRIL 2020

PUBLISHED SINCE JANUARY 1947

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

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
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CATALYTIC SYNTHESIS
OF A LINE BY ACETYLENE HYDRATION

Abstract. Acetone is a valuable chemical product. It can be obtained by oxidative dehydrogenation of isopropyl
alcohol, oxidation of propylene, decomposition of acetic acid and ethyl alcohol, oxidation of cymene and others.
Among the known processes for the production of acetone, the most promising is the synthesis by hydration of
acetylene in the presence of catalysts. The advantage of this method is the possibility of carrying out the process in
existing plants for the production of acetic aldehyde. On the other hand, the process of simultaneously producing
acetaldehyde and acetone under the influence of multifunctional catalysts and carrying out the process using flexible
technology is promising. The vapor-phase hydration of acetylene with the formation of acetone on polyfunctional
catalysts was studied. Process parameters are found that provide acetone with high selectivity and acetylene
conversion. At present, acetic aldehyde is mainly obtained by two methods - hydration of acetylene and oxidation of
ethylene. The process of hydration of acetylene to acetic aldehyde in the presence of catalysts has been studied quite
well. Numerous catalysts have been proposed for this process. Among the known catalysts for hydration of acetylene
to acetic aldehyde, the most active was the cadmium calcium phosphate catalyst (CCF), which is recommended for
industrial use. However, cadmium calcium phosphate catalyst is not without drawbacks. The average yield of
acetaldehyde in one pass of acetylene does not exceed 7.0%. The CCF catalyst is very sensitive to temperature
changes, its service life before regeneration does not exceed 72-76 hours.

Keywords: acetone, propylene, hydration process, catalyst, crosslinking, multifunctional properties.

Introduction. Acetylene hydration in the presence of a catalyst can be carried out in order to obtain
aceton. The advantage of this method is the possibility of carrying out the process in existing plants for the
production of acetic aldehyde. Replacing cadmium calcium phosphate catalyst with a zinc-containing
catalyst allows obtaining acetone with a good yield with minor changes in technology [1-5]. Recently, the
sol-gel method has been intensively used for the synthesis of inorganic and oregano-inorganic matrices at
low temperatures.
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Figure 1 - General scheme for the production of nano catalysts by the sol-gel technology
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This method has a number of advantages: the simplicity of the equipment used, efficiency,
environmental safety, low cost, adaptability of technology and others. Figure 1 shows the general scheme
for the preparation of Nano catalysts by the sol-gel technology.

The main processes that occur in the sol-gel transition and the products that can be obtained by the
sol-gel method are shown in figure 1. I-maturing of the sol and gel formation: sol (1) — gel (2); II-drying
under super critical conditions or washing the gel with solvents: gel (2) — airgel (3); IlI-drying under
normal conditions: gel (2) — xerogel (4); IV-deposition of nano particles: sol (1) — powder (6);
V-absorption of a sol by a rod substance: sol (1) — a thin layer xerogel (7); VI - tempering (cooking):
xerogel (4) or a thin layer of xerogel (7) — monolithic glass and ceramics (5) or a thin layer and shell.
Nano catalysts exhibit high catalytic activity, selectivity, as well as stability (stability).

Firstly, with decreasing particle sizes, most of the atoms are located on the surface; therefore, a
catalyst consisting of nano particles has a large surface and becomes very active in heterogeneous
reactions.

Secondly, most of the properties of nano particles are related to their size (size efficiency), therefore,
by changing the size of nano particles one can control not only activity, but also selectivity. With a
decrease in the particle size of the catalyst, the reaction rate sharply increases.

Based on the foregoing, it follows that the study of the possibility of using nano-catalysts obtained on
the basis of metals Zn, Mn, Fe, V and other elements with multifunctional properties for the hydration
reaction of acetylene and its derivatives is an urgent task [6-9].

Methods. The experiments on the catalytic hydration of acetylene and its derivatives in the gas phase
were carried out in a reactor with a diameter of 25 mm, a height of 1000 mm, made of stainless steel under
stationary conditions. The qualitative and quantitative composition of the reaction products was studied by
gas-liquid chromatography under the following conditions: stationary phase 15% Apiezon-M in Color
chromium, column thermostat temperature 80 0C, carrier gas flow rate helium 60 cm®/min., DIP detector.
Quantitative analysis was carried out using the internal standards method.

The specific surface area, crushing strength, total pore volume and ash content of the samples were
determined.

The specific surface area was determined by thermal desorption of nitrogen in a carrier gas flow -
helium at the boiling point of liquid nitrogen, the experimental data were processed using the BET
equation [10-13].

The mechanical strength of the granules for crushing was measured on a device “Durably measures
PK-1”, designed to test granular materials for mechanical strength under static conditions by compression.
The arithmetic average of 25 individual tests was taken as the result of the analysis.

The total pore volume of the granules was calculated by the formula:

V:LDL

pk pn
where, pk, pn are the apparent and psychometric density of the granules, g/ml, respectively.

The apparent density of the granules was determined by measuring their volume without taking into
account the internal pores. The volume of the granules was found by immersing them in solid powder
(silica sand with a particle size of 0.063-1.1 mm).

The phase composition of the samples was determined by x-ray diffractometry, the survey was carried
out on a DRON-3M diffract meter using CuKa radiation with a Ni filter, and the length of the x-ray
radiation.

The specific surface area of the obtained catalyst was calculated by the BET method, the average
mesopore size by the VUA method. The dispersed properties of the catalyst were studied using a scanning
electron microscope (JSM-6510 LV). The catalytic activity of the obtained sample was studied on the
hydration reaction of acetylene [14-17].

Acetaldehyde and acetone were synthesized as follows. Acetylene was saturated with water at a
temperature of 70-80 °C and at a ratio of water: acetylene = (1: 3) - (1: 5) moll was passed through a
catalyst bed at 360 °C with a space velocity of 180-200 h-1.

The gas-vapor mixture leaving the reactor was cooled in the refrigerator. The reaction products were
captured in water. Catalysis contains acetaldehyde, acetone, cretonne aldehyde, steam aldehyde and
others. In order to maintain the degree of acetylene conversion not lower than 80%, every 20 hours the
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reaction temperature was raised by 10 °C. After 96-120 hours, the degree of conversion of acetylene is
reduced to 75-70%. Then the reaction was stopped and the catalyst was regenerated in a known manner
[18-21].

Further, the effect of various parameters (temperature, space velocity, acetylene-water ratio) on the
conversion of acetylene and the yield of acetone was studied.

Results. Because of studying the effect of temperature on the acetone yield, it was found that in the
temperature range 360-500 °C the dependence between the reaction yield, temperature is extreme, and at
450 °C, the yield was considered maximal.

Based on the results on the qualitative and quantitative composition of the reaction products on this
catalyst, we propose the following acetone formation mechanism:

In the reaction of acetone formation, acetaldehyde is first formed then 3-hydroxybutanal is formed as
a result of aldol condensation.

CH=CH + H,O — CH3CHO,
2CH3CHO — CH3CHOHCH,CHO.

Upon hydration of 3-hydroxybutanal, a dihydric alcohol is formed and upon further dehydrogenation,
acetoacetic acid is formed:

CH3;CHOHCH,CHO + H,0O — CH3;CHOHCH>CH(OH);
CH3;CHOHCH>CH(OH), - CH3;COCH>COOH + 2H,
In turn, acetoacetic acid under these conditions is decarboxylase and acetone is formed.
CH;COCH,COOH — CH;COCH; + CO»

We have proposed a technological scheme for producing acetaldehyde, acetone (or a mixture thereof)
is shown in figure 2.
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Figure 2 - Technological scheme of hydration of acetylene:
1-pump; 2-acetylene gas holder; 3-heat exchanger; 4-reactor; 5-heat exchanger; 6-capacity for catalysis;
7-absorption column; 8-blower; 9-gas holder for nitrogen; 10-distillation column; 11-container for acetaldehyde;
12-capacity for acetone; 13-tank for bottoms; 14-heat exchanger

We have studied the process of catalytic vapor-phase hydration of acetylene and its derivatives in the
presence of complex mixed polyfunctional catalysts. In the process of producing acetaldehyde, cadmium
fluoride on alumina promoted by aluminum fluoride was used as a catalyst. In the synthesis of acetone,
zinc oxide supported on alumina, promoted with cadmium fluoride and aluminum, of the following
composition, % weight: ZnO-20.0-25.0 was used as a catalyst; CoF»>-3.0-5.0; A1F3-3.0-5.0; Al,03-60.0-84.0.

The composition and properties of the synthesized catalysts for the synthesis of acetaldehyde and
acetone are shown in table 1.
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Table 1 - The composition and properties of the synthesized catalysts

Composition Specific Opezaglicgrgetime The yield of the target product,
Ne P o Legend surface, . %
mass % y regeneration,
me hour acetaldehyde acetone

1 Zn0-20.0; AlF3-3.0

ALOs -77.0 X1 135,0 72,0 10,0 82,0
2 CdF2>-20.0

ALOs — 80.0 KA-1 186,0 96,0 75,0 5,0
3 CdF> -18.0; AlF3-3.0

ALOs — 79.0 KA-2 210,0 96,0 82,0 3,0
4 CdF2-18.0; AlF3-2.0

Cr203-5.0; AbO3-75.0 XAt 2250 120,0 83,0 L5
5 Zn0-18.0; CdF2-2.0

C1203-5.0; ALOs-80.0 HRXA-L 165,0 1200 3,0 86,0

As can be seen from the table, catalyst No. 5 stably works for 120 hours (if the temperature rises by
100 °C every 20 hours), ensuring the degree of conversion of acetylene at the level of 91-95% and the
yield of acetone is 86.0%.

The following is the dependence of the degree of conversion, the stability of the catalyst (catalyst
No. 5) and the yield of the target product on the ratio of water: acetylene (table 2).

From the presented data, it follows that with an increase in the water: acetylene ratio, a gradual
increase in the stability and selectivity of the catalyst, yield of the target product, and acetylene conversion
are observed.

Table 2 - The dependence of the degree of conversion, the stability of the catalyst
and the yield of the target product on the ratio of water: acetylene

The ratio of water: The average mileage The yield of the target product, Acetylene
acetylene, mol of the catalyst before on the reacted acetylene, % conversion, %
regeneration acetaldehyde acetone
1 32,0 4,6 55,0 70,2
2 54,0 3,4 66,0 80,4
3 96,0 2,2 76,0 86,0
4 125 1,5 80,0 91,0
5 144 1,2 82,0 95,0
6 132 1,1 76,0 94,0

We also studied the effect of temperature, space velocity, the ratio of methyl acetylene-allen fraction:
water and others on the yield of acetone. Under optimal conditions, acetone was obtained with a yield of
86.0% upon conversion of the methyl acetylene-allene fraction 92.0-94.0%.

The hydration reaction of acetylene to acetaldehyde was carried out in the presence of cadmium
chromium aluminum catalyst - KHA in the temperature range 360-460 °C.

The effect of the ratio of acetylene: water on the selectivity of acetaldehyde formation in the range of
acetylene: water = 1: 1-6 mol was studied. Moreover, it was found that in the range of the ratio of
acetylene: water = 1: 1-1: 3, an increase in the proportion of side products is observed.

The yield of acetaldehyde does not exceed 26.0% of the reacted acetylene. At a ratio of -1: 4-1: 6, the
yield of acetaldehyde and the conversion of acetylene reaches a maximum. A further increase in the ratio
of acetylene water has no significant effect.

It was experimentally established that the yield of acetaldehyde and the conversion of acetylene
substantially depends on the space velocity of acetylene.

The effect of the space velocity of acetylene on the acetaldehyde yield and its conversion was studied
in the range of the space velocity from 50 to 120 hours (figure 3).
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Figure 3 - The effect of the space velocity of acetylene on its conversion

The effect of temperature, grain size of the catalyst, reactor parameters, and catalyst bed height on the
process parameters was studied. It was found that the reaction for the synthesis of acetaldehyde begins at
350 °C. In order to maintain the acetylene conversion at a level of 70-75%, the temperature of the reactor
was raised by 10 °C every 10 hours. It was found that the optimum ratio of the height of the catalyst layer
to the diameter of the reactor equal to 50-60, the space velocity of acetylene is 50-60 hours Under these
conditions, the KXA-1 catalyst with constant activity lasts up to 120 hours and during regeneration within
16-24 hours completely restores its activity.

Replacing cadmium chromium aluminum catalyst with zinc alumina fluoride or zinc cadmium
chromium aluminum catalyst leads to the formation of acetone as the main product in the process of
hydration of acetylene.

In order to establish technological parameters of the process for producing acetone by direct hydration
of acetylene, we studied the effect of space velocity, temperature, the ratio of acetylene: water and others
on the yield of acetone,

The effect of temperature was studied in the range of 250-500 °C in the presence of CCA-1 catalyst,
with a ratio of acetylene water = 1: 4 moll, with a space velocity of acetylene of 80 hours1 (table 3).

Table 3 - The effect of temperature on the conversion of acetylene

Temperature, °C Acetone yield on reacted acetylene, % Acetylene conversion, %
250 15,2 18,0
300 20,6 26,0
325 334 34,0
350 63,0 62,0
375 70,6 80,0
400 82,0 84,0
425 84,0 90,0
450 65,0 94,0
500 52,0 98,0

As can be seen from the table, TSKKA-1 catalyst is inefficient up to 350 °C. Starting from 350 °C to
425 °C, there is a gradual increase in acetone yield and acetylene conversion. A further increase in
temperature leads to a significant decrease in the yield of acetone due to the flow of side products.

Conclusion. The reactions of acetone synthesis were studied by direct hydration of acetylene on
catalysts prepared from oxides and fluorides of zinc, cadmium, iron, chromium and aluminum, using a
solution of acetic acid as a peptizing agent. The main texture and operational characteristics of the
synthesized catalysts are determined.
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Based on the study of the dependence of the degree of conversion, the stability of the catalyst and the
yield of the target product on the water: acetylene ratio, it was revealed that catalyst No. 5 worked stably
for 125-144 hours (provided that the temperature rose by 100 °C every 20 hours), ensuring the degree of
conversion of acetylene at the level of 91-95% and the yield of acetone - 90-92%.

A technological scheme for producing acetaldehyde, acetone by catalytic hydration of acetylene is
proposed.

H. ®aiizysnaes!, K. Akmanaiiyasl!, A. Kapskasos?

!CamapKan MEMIIEKETTIK YHUBEPCHUTETI, Y30€KHCTaH;
2Satbayev Unibersity, Anmatel, Kazakcran;
3TalIKeHT XMMHSA-TEXHOJIOTUSIIBIK FEILIMU-3EPTTEY MHCTHTYTHI, Y306KHCTaH

ALNETOH JIUHUACBIHBIH KATETHKAJIBIK CUHTE3I

AHHOTanMs. ALICTOH — MaHBI3Ibl XUMHUSUIBIK 6HIM. OHBI W30NPONMJ CHHPTIH TOTBIFY apKbUIBI JETUIpIICY,
MPONMICHHIH TOTBIFYBI, CipKe KBIIIKBUIBI MEH STHJI CIUPTIHIH BIOBIPAaybl, KYMEHHIH TOTBHIFYHI XOHE OacKalapbl
apKBUIBI aTyFa 00Iabl.

AuetoH eHAIpYAiH Oeiriii mpouecTepiHiH ilHe KaTaau3aTopiapAblH KaThICYbIMEH alleTHJICHHIH THapaTa-
IIMACH] apKbUIBI CHHTE3/eY IepCHEeKTHBANbl CHIIATTa OOJBIN Kenemi. By omicTiH apTHIKIIBUIBIFBI KOJIAAHBICTAFbI
oCIMIIKTEp/ie CipKe albJeTHJIH OHIIPY INPOLECIH JKYPridy MYMKIHIITiMeH OaiyaHbIcThl. EKiHIII >KarblHaH,
KOI(pYHKIIMOHAI/IBI KaTAIM3aTOPJIAPIbIH 9CEPIHECH alleTalbICTH IIEH alleTOHABI Oip YaKbpITTa OHIIPY JKOHE MKEM/Ii
TEXHOJIOTUSIHBI KOJIZIaHY apKbLIbI IIPOLIECTI XKYPri3y MepCHeKTUBAIBI CUIIATTa OOJIBII KeJle/.

AnetwieHHIH KeNn(yHKIMOHAJIBI KaTaJn3aTopiapia Ty3uryiMeH Oy ¢a3ainbl THApaTalyschl 3epTTeli.
[Tpouecc napaMeTpIepi aeTOH bl )KOFaphl CEJIEKTUBTIIKIICH JKOHE alleTHIIEH TYPJICHIIPYMEH KaMTaMachl3 eTe/.

Kasipri yakpITTa cipke ajpJeryli HeTi3iHeH €Ki oMICIIeH NIbIFapbUIajibl: alleTHICHHIH THAPaTaIlMsChl YKOHE
STUIICHHIH TOTBIFYBIL.

KaranmzatopiaapablH KaTBICYBIMEH aleTHICHII Cipke aipIeTHAiHe IeHiH BUFaIIaHABIPY TIPOLECi >KaKCHI
3eprTenreH. byn mpomecc yIIiH KeNTereH KaTaau3aTopiap YCHIHBULIBI. AIETHIEHIAI CipKe alblIeruiiHe AeiiH
BUIFIIIAHABIPYFa apHaFaH OeNrili KaTaau3aTopiapAblH IIIiHIE OHEPKACINTIK KOJIIaHyFa YCHIHBUIFAH KaJMUii-
kanpiuid  pocharbiabiy  katanuszatopsl (CCF) Oemcenmi Oonmapl. Auaiima xaaMuil  Kaigbluid — (GochaTbiHBIH
KaTallM3aTopbl KEMIIUTIKTEpCi3 OoMaibl. ALIeTHIICHHIH Oip JKOJIBIHIAFbI alleTalIbAETUATIH OPTALIa IIBIFBIMIBLIBIFbI
7,0 %-nan acnaiinsl. CCF katanu3atopsl TeMIepaTypaHblH e3repyiHe eTe ce3imMTal, OHbI KaJlblHa KeNTipyre AeHiHri
KBI3MET Mep3iMi 72-76 caraTTaH acHausl.

KaranuszaropplH KaThICybIMEH alleTWIIEH TMApATalMAChIH alleTOH ayly YIIIH Xyprisyre Oonansl. by amictig
apTHIKIIBUIBIFE — KOJJIAHBICTarbl OCIMJAIKTEpAE CipKe AJBAETHIIH OHIIpY MpOLECIH XYpri3y MYMKIiHIAIriHZE.
Kanmuit-kanbimii GpocdaThiHBIH KaTaIn3aTOpbIH HUHK Oap KaTaau3aTOpMEH aJIMacThIpy TEXHOJIOTHSIAFbl a3laraH
e3repicTepMeH JKaKChl IIBIFBIM/IBI alleTOH aTyFa MYMKIHIIK Oeperti.

XKakpiHma OeHopraHUKabIK JKOHE OpPraHUKaJbIK-OeiopraHuKalbIK MaTpULaIapabl TOMEH TeMIlepaTypajia CUH-
Te3[ey YUIIH COJN-TeNb df1ici KapKbIHABI KOJMaHbU1a Oactaabl. by omic GipkaTap apTHIKIIBUIBIKTapFa Me: KOJNAHBI-
JaTBIH SKaOABIKTBIH KapanalbIMIBUIBIFEI, YHEMALTIK, SKOJIOTHSUIBIK KayilCi3[ik, ap3aH Oara, TEXHOJIOTHsUIapIbIH
OeitimMaiiri )koHe OacKamsapsbl.
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KATAJIMTUYECKUIA CUHTE3 JIMHUU TUJPATAIIAEN AIETHUJIEHA

AHHOTaUMA. AIIETOH SABJSETCS IICHHBIM IPOIYKTOM XUMHYECKOW MPOMBIIIIEHHOCTH. OH MOXET OBITh OJy4YeH
OKHCJIUTENbHBIM JIETUIPUPOBAHUEM H3OIPOIMIOBOIO CHHUPTa, OKHUCICHHEM MPOIHICH], Pa3JIoKEHHEM YKCYCHOMH
KHCJIOTHI ¥ STHJIOBOTO CIIUPTa, OKUCICHUEM KyMOJIa U JIp.

Cpenu M3BECTHBIX IMPOIIECCOB IMPOM3BOJICTBA AIlCTOHA HauOOJIee MEPCICKTHUBHBIM SIBIISICTCS CHHTE3 THIpaTa-
Hﬂeﬁ allCTUJICHA B HpI/leTCTBI/ll/I KaTaJ'IPBaTOpOB. HpeI/IMyHleCTBOM JAHHOIo MeToda sIBJISICTCS BO3MOXKXHOCTH HpOBe-
JICHUST TpoIlecca B CYIICCTBYIOIIMX YCTAaHOBKaX MPOM3BOJCTBA YKCYCHOTO anbaeruga. C JOpyroil CTOPOHBI,
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MHOT'000CIIAONINM SIBIISIETCS. MPOIECC OJHOBPEMEHHOTO IOyYeHHs areTalblernia M aleToHa IOJ IeHCTBHEM
o (yHKIHOHATIBHBIX KaTAIU3aTOPOB U IIPOBEJCHUE MPOLIECCa 10 THOKOM TEXHOJIOTHH.

W3yuena napodazHasi ruparanys aleruiieHa ¢ 00pa3oBaHUEM alleToHa Ha MOJM(YHKIMOHATIBHBIX KaTaJli3aTopax.
Haiinens! mapameTpsl mporiecca, 00ecIedHBaOLIe MOyYeHHE alleTOHAa C BBICOKON CEIEeKTHBHOCTBIO U KOHBEpCcHeil
arleTHJICHA.

B HacTosmiee BpeMsi yKCYCHBIN albJeTHI B OCHOBHOM IMOJYYarOT IBYMsI METOJIAMHU - THAPATAI[UCH alleTHIICHA U
OKHCJICHHEM STHJICHA.

[Ipouecc ruppaTanuy amneTwieHa J0 YKCYCHOTO lbIErHJia B HNPUCYTCTBHM KaTalW3aTOPOB M3YYeH [0-
CTaTOYHO XOpoIIo. [t 3Toro mpomecca mpeIokeHbl MHOTOYHCIICHHBIE KaTanu3aTopbl. Cpean N3BeCTHBIX KaTalu-
3aTOPOB THUApPATALMH alETHICHA N0 YKCYCHOTO albleruja Hamboliee aKTHBHBIM OKa3alica KaIMHHKaIbIIHH-
docoharuprii katamuzatop (KK®), koTopelli pekOMeHAOBaH JUIsI IPOMBINUICHHOTO IpuMeHeHus. OaHako
KaaMUAKaIbIui(OoChaTHbIA KaTaIu3aToOp HE JHUIICH HeaocTaTkoB. CpemHHH BBIXOJ aleTalbJerHaa 3a OJHH
npoxon anetruieHa He npeBbmaet 7,0 %. KK® xaTanu3aTop o4eHb YyBCTBHUTEICH K M3MEHEHHIO TEMIIEPaTypHI,
€ro CpOK CITy>KOBI 10 pereHepaluy He MPEeBhImaeT 72-76 4acoB.

I'maparanyst aneTusieHa B IPUCYTCTBUM KaTaIM3aToOpa MOXKET OBITh ITPOBEJCHA C LIENbI0 TIOJIyYeHHs alleTOHa.
IIOCTOI/IHCTBOM JAHHOTO METOJa ABJIACTCA BO3MOXHOCTHL MNPOBCACHHA IMPOLECCAa B CYHIECTBYIOINX YCTaHOBKax
MIPOM3BOJICTBA YKCYCHOTO allpAierHja. 3aMeHa KaaMHUKabluiidochaTHOro Karanuzaropa Ha IIMHKCOAEPKAIIUI
KaTaau3aTop MO3BOJISET MOJYYUTH alleTOH C XOPOIIUM BBIXOOM IPU HE3HAYHUTEIILHBIX H3MEHCHISIX B TEXHOJIOTHH.

B mocnennee Bpems 30Jb-Telb METOA MHTEHCHBHO MCIOJIB3YETCS JUIS CHHTE3UPOBAHUS HEOPraHWYECKUX U
OpraHO-HEOPTaHMYECKUX MATPHUI] IPU HU3KUX TeMIlepaTypax. ITOT METOJA 00JamaeT HEeNbIM PsIOM IIPEHMYIIECTB:
MPOCTOTON MCIOB3YeMOro 000pyIOBaHUS MPHOOPOB, SKOHOMHYHOCTHIO, KOJIOTHYECKON 0E30MacCHOCThIO, HU3KOH
ce0eCTOMMOCTBIO, TPHUCIIOCOOJIIEMOCThIO TeXHONOTHA U apyrue. Ha Puc.l mpuBenena oOmas cxema IMOJyYCHUS
HAHOKATaJIn3aTOPOB METOAOM 30Jb-T'€JIb TEXHOJIOTHH.
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