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CATALYTIC HYDRODEAROMATIZATION OF MOTOR FUELS
AS A METHOD OF PRODUCING ECO-FRIENDLY FUELS

Abstract. The aim of the work was to study the process of hydrodearomatization of gasoline fractions and
diesel fuels for the production of environmentally friendly fuels with a low content of aromatic hydrocarbons.
Hydrogenation of two gasoline fractions of LLP Atyrau Refinery (AR) and LLP Pavlodar Refinery (PR) and two
diesel fuels of PA and LLP PetroKazakhstanOilProducts, Shymkent (PKOP) on Rh-Pt/Al,O3 catalyst was studied.
The influence of the technological parameters of hydrodearomatization process (pressure 1-5 MPa, temperature 25-
200°C) on the content of benzene and aromatic hydrocarbons was studied. At temperatures of 50-200°C and
hydrogen pressures of 2-5 MPa, benzene is completely removed from the fractions, and the amount of aromatic
hydrocarbons is reduced by 1.5-2 times. Some operational properties (kinematic viscosity at 20°C, pour point and
cloud point, flash point, density at 20°C, iodine number, aromatic hydrocarbon content) of the initial diesel fuels of
PA and PKOP and after catalytic treatment were determined. In process of hydrodearomatization all operational
indicators were improved and approached the standards for diesel fuel, and the cetane index increased by 1-2 units.

Keywords: catalyst, hydrogenation, hydrodearomatization, aromatic hydrocarbon, gasoline fraction, diesel fuel.

Introduction

In the world production of motor fuels, there is a constant tendency to tighten not only their
operational but also environmental characteristics. One of the ways to improve the environmental
characteristics of motor gasolines is to reduce the content of aromatic hydrocarbons, in particular,
benzene. The problem of reducing the benzene content in motor gasolines is particularly acute for
domestic oil refining. The content of benzene and aromatics in gasolines, significantly exceeding
international standards (Euro 5 < 1% benzene and < 30% aromatics, Euro 6 - 0.1% benzene and 11%
aromatics), is due to the predominant production of gasolines by reforming process.

The main reactions of hydrocarbons on the catalyst during the reforming process are the
dehydrogenation of naphthenes and the dehydrocyclization of paraffin hydrocarbons, which lead to the
accumulation of aromatic compounds with a high octane number in the reforming product. However, these
compounds are the most toxic of all hydrocarbon groups and they form poisonous substances during
combustion. Particularly dangerous is benzene, which forms benzopyrene during combustion, which,
according to the degree of toxicity belongs to the first hazard class with a maximum permissible
concentration - 0.000001 mg/m?3. Up to 58% aromatics are formed in reforming plants, and the benzene
content can exceed 3% vol. This implies the task of development and implementing additional reformate
processing processes in order to reduce the benzene content in it. Benzene reduction in reforming products
is possible by the following methods [1-2]:

- hydrogenation of benzene with the formation of cyclohexane, leading to some decrease in the octane
number of the component;

- extraction of pure benzene, cost-effective only with its further effective use;

- alkylation with low molecular weight olefins, which allows not only to solve the problem of benzene
removal, but also to increase the yield of the target high-octane component;
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- hydroisomerization of benzene to cyclohexane followed by isomerization to methylcyclopentane
with a slight increase in the octane number and yield of the target component;

- transalkylation of benzene and aromatic hydrocarbons Co., leading to a decrease in the yield of the
target product;

- fractionation of the reformate to obtain a set of fractions, then mixed in various proportions to
achieve the desired result,

- reforming + hydroisomerization of benzene - hydrogenation of benzene to cyclohexane, followed by
its isomerization to methylcyclopentane (RIG1Z).

The authors of RIGIZ [1] explain the benefits of hydroisomerization of cyclohexane to
methylcyclopentane with a higher octane number of the latter 92, while cyclohexane has 88 units.

Diesel fuel in its composition has 15-30% aromatic hydrocarbons, 10-40% paraffin hydrocarbons and
20-60% naphthenic hydrocarbons. The high content of aromatic hydrocarbons reduces the value of the
cetane number of diesel fuel and increases the emissions of particulate matter into the environment,
adversely affects the ignition time, and increases the height of the non-soaking kerosene flame. For these
reasons, reducing the content of aromatic hydrocarbons by hydrogenation is also relevant to improve the
environmental friendliness of diesel fuels. In the process of hydrogenation, aromatic hydrocarbons are
converted to naphthenic hydrocarbons, and the olefins found in fuels are converted to more stable paraffin
or naphthenic hydrocarbons depending on their nature in the feedstock [3-4].

According to the regulation EN590:2010 in force in the European Union, the content of polycyclic
aromatic hydrocarbons (PAHS) in diesel fuels should not exceed 8% wt. [3]. In the USA, the total content
of aromatic hydrocarbons in diesel fuels is limited to 10% vol., and PAHSs - 1.4% vol. [4]. The standards
adopted in Sweden are the most stringent in the world: the volume fraction of aromatic hydrocarbons in
diesel fuels should not exceed 5%, and PAHSs - 0.02% [5].

Tighter requirements for motor fuels are observed in the CIS countries. According to the current
Technical Regulations of the Customs Union of Russia, Belarus and Kazakhstan, diesel fuel may contain
no more than 11% wt. PAHSs.

The use of fuel purified from aromatic hydrocarbons (gasoline and diesel fuel) can significantly
reduce its consumption, minimize the load on the engine and have minimal environmental impact.

A significant number of studies have been devoted to the problem of hydrodearomatization of oil
products for the production of environmentally friendly fuels [6-16]. The most effective catalysts are
metals of group VIII, which, in terms of activity for the hydrogenation of benzene, are arranged in the
following order Rh> Ru >> Pt >> Pd >> Ni> Co.

In industry, both catalysts based on metals of group 8 and sulfide are used, but in the latter,
hydrogenation of benzene and aromatic hydrocarbons is carried out under more stringent conditions. The
most widely used carriers in the industry are active alumina, synthetic amorphous and crystalline
aluminosilicates (zeolites). Two-stage of deep hydrodearomatization processes have become common in
abroad in which NiW or NiMo sulphide catalysts are used in the first stage and more active acid supported
bimetallic platinum-palladium catalysts in the second stage. The developers of two-stage processes are
such largest companies as Shell, UOP, Criterion Catalyst.

Thus, in the literature on catalysis in recent years, there has been considerable interest to the process
of hydrogenation of aromatics, which is largely explained by the practical application in the production of
environmentally friendly fuels.

In previous works [17-20], it has been studied by us the catalytic hydrogenation of aromatic
hydrocarbons, developed catalysts and process conditions for the hydrodearomatization process (removal
of benzene and decrease in the content of polyaromatic hydrocarbons) of gasoline fractions of "Atyrau
Refinery" LLP. The aim of this work is the catalytic hydrogenation of benzene, mono- and polyaromatic
hydrocarbons in gasoline fractions of "Atyrau Refinery” LLP and Pavlodar Oil Chemistry Refinery
(POCR LLP) , as well as diesel fuels POCR LLP and PKOP LLP (PetroKazakhstan Oil Products,
Shymkent)

Experimental part
Bimetallic modified catalysts based on Group 8 metals (Pt and Rh) on aluminum oxide were prepared
for hydrodearomatization of gasoline fractions and diesel fuels. At preparation of catalysts RhClz-3H.0,
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H,PtClg-6H,0 of "chemically pure” mark were used. Solutions of these compounds were applied by the
adsorption method on the prepared carrier Al,Os. A mixture of aqueous solutions of two metals was
applied at preparation of bimetallic catalysts. The catalyst samples were filtered off and dried at 100-
110°C to constant weight. The reduction of supported catalysts was carried out in a quartz tube with
electrical heating in a hydrogen stream at 200°C for 4 hours, then the catalysts were cooled in a hydrogen
stream until room temperature.

The experiment was carried out on a kinetic installation - the autoclave of "Amar Equipment Ltd" in
the isobaric-isothermal regime.

The chromatography method was used to determine content of benzene and aromatic hydrocarbons.

Results and discussion

Hydrodearomatization of the gasoline fractions was carried out on the prepared catalysts. Stable
catalyzate of Atyrau Refinery (AR) and gasoline fraction Stable catalyszate of PCOP refinery. Both
fractions were obtained as a result of reforming.

Table 1 presents data on the content of benzene 1.0 - 3.23% and aromatic hydrocarbons 55.04-58.68%
in both fractions.

Table 1 - The content of benzene and aromatic hydrocarbons in the gasoline fractions of AR and PKOP

Name of fraction Benzene content, mas. % Aromatics content, mas. %
Stable catalyzate of AR 3.23 55.04
Stable catalyzate of PKOP 1.0 58.68

We studied the effect of the content of the active catalytic phase on the composition of the
components of two gasoline fractions during hydrodearomatization on 0.2% Rh-Pt/Al,Os;, 0.5% Rh-
Pt/Al,0sand 1.0% Rh-Pt/Al,Os catalysts.

Figure 1 shows the composition of the catalysis before and after the catalytic treatment of the gasoline
fraction. The stable catalyzate AR at 50°C and 0.4 MPa. With an increase in the content of the active
phase, the conversion of aromatic hydrocarbons increases, its content decreases from 55.05% to 34.7% for
the catalyst 0.2% Rh-Pt/Al>Os, 32.5% for the catalyst 0.5% Rh-Pt/Al,Os; and 28.4% for the catalyst 1.0%
Rh-Pt/Al,Os. On all three catalysts, benzene is completely removed from the fraction.

60
55,04 55,04 55,04
50
40
34,7
32,5 ® Benzene initial,%
30 28,4 " Benzene after,%
B Aromatics initial,%
B Aromatics after,%
20
10
3,23 3,23 3,23
0,11 0,03 0
, i i
0,2 % Rh-Pt/A1203 0,5 % Rh-Pt/A1203 1,0 % Rh-Pt/A1203

Figure 1 - Hydrogenation of the fraction Stable catalyzate AR on catalysts 0.2% Rh-Pt/Al.0s, 0.5% Rh-Pt/Al.O3
and 1.0% Rh-Pt/Al203 at 50°C and 0.4 MPa

Figure 2 shows the composition of the catalyzate before and after the catalytic treatment of the
gasoline fraction. Stable catalysis of PKOP at 50°C and 4.0 MPa. On all three catalysts, benzene is
completely removed from the fraction. With an increase in the content of the active phase, the conversion
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of aromatic hydrocarbons increases, its content decreases from 58.7% to 33.8% for the catalyst 0.2% Rh-
Pt/Al,O3, 29.95% for the catalyst 0.5% Rh-Pt/Al.Oz and 29.0% for the catalyst 1.0% Rh-Pt/Al2Os.
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Figure 2 - Hydrogenation of the fraction Stable catalyzate PR on catalysts 0.2% Rh-Pt/Al>0O3, 0.5% Rh-Pt/Al,03
and 1.0% Rh-Pt/Al203 at 50°C and 4.0 MPa

The technological parameters (temperature and pressure of hydrogen) of the process of
hydrodearomatization of two gasoline fractions were tested. The influence of temperature in the range of
25-200°C and hydrogen pressure of 1.0-5.9 MPa on the content of benzene and aromatic hydrocarbons
was studied.

Table 2 presents data on the hydrogenation of a sample of gasoline. Stable catalyzate AR in the
temperature range 25-200°C. In the entire temperature range, benzene is absent, i.e. its conversion was
100%. The content of aromatic hydrocarbons decreased from 55.04% to 20.54%. At 1.0-3.0 MPa, the
benzene content decreases from 3.23% to 0.12-0.01%, and at 4.0-5.0 MPa, benzene was completely
hydrogenated. The content of aromatic hydrocarbons with increasing pressure from 1.0 to 5.0 MPa
decreases from 55.04 to 23.79%.

Table 2 - Hydrodearomatization of the fraction Stable Catalyzate AR at 0.5% Rh-Pt/Al.03

Conditions Benzene content, mas. % Aromatics content, mas. %
Initial After Initial After
P, 1.0 0.12 40.21
MPa 2.0 0.05 36.92
at 50°C 3.0 3.23 0.01 55.04 33.85
4.0 - 29.73
5,0 - 23,79
T, °C 25 - 34.73
at 4 MPa 50 - 29.73
100 3.23 - 55.04 26.54
150 - 23.91

Table 3 presents data on the hydrogenation of a sample of gasoline Stable catalyzate PR in the
temperature range 25-200°C. In the entire temperature range, benzene is absent, i.e. its conversion was
100%. The content of aromatic hydrocarbons decreased from 58.68% to 25.74%. With a change in
hydrogen pressure from 1.0 to 3.0 MPa, the benzene content decreases from 1.0% to 0.7-0.01%, and at
4.0-5.0 MPa, benzene was completely hydrogenated. The content of aromatic hydrocarbons decreases
with pressure from 1.0 to 5.0 MPa from 58.68 to 29.05%.

—— 40 ——
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Table 3 - Hydrodearomatization of the fraction Stable Catalyzate PR at 0.5% Rh-Pt/Al.03

Conditions Benzene content, mas. % Aromatics content, mas. %
Initial After Initial
P, 1.0 0.7 50.21
MPa 2.0 0.04 46.95
at 50°C 30 1.0 0.01 58.68 3385
4.0 - 29.93
5,0 - 29.05
T, °C 25 - 34.93
at 4 MPa 50 - 29.03
100 1.0 _ 58.68 2876
150 - 26.91
200 - 25.74

Figure 3 shows data on the group composition of organic substances in two gasolines of the initial
fractions and after hydrogenation over Rh-Pt(90:10)/Al,03, P = 3 MPa, T = 50°C. For the Stable
Catalyzate AR the benzene content in the initial state was 3.23 wt.%. After the reaction, benzene is absent,
i.e. 100% benzene conversion. The amount of aromatics decreased from 55.04 wt.% to 23.79 wt.%.

It should be noted that the number of olefins decreased almost 2 times from 0.23% to 0.11 wt.%, this
is very favorable for gasolines, since the presence of olefins leads to instability (the oligomerization and
polymerization reaction proceeds).

The amount of paraffins slightly increased from 12.22 wt.% to 13.99 wt.%. And the content of
isoparaffins increased from 27.16 wt.% to 36.81 wt.%. Apparently, the isomerization of paraffins to
isoparaffins occurred. The content of naphthenes increased sharply from 2.12 wt.% to 25.3 wt.%.
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Figure 3 - Group composition of hydrocarbons of the Stable Catalyzate AR before and after catalytic treatment

Figure 4 showed that in the initial Stable Catalyzate PR there was 1.0 wt.% benzene; after
hydrogenation benzene was not found in the catalyzate - i.e. it was completely hydrogenated. The
aromatic content in the original gasoline was 58.68 wt.%, After hydrogenation it became 29.39 wt.%.

The amount of olefins decreased significantly from 10.2 wt.% to 0.51 wt.%, which leads to the
stability of gasoline. In addition, the content of isoparaffins increased from 17.05 wt.% to 28.2 wt.%. This
indicates the occurrence of the hydroisomerization reaction on this catalyst, which is favorable for the
octane number.

The data on the octane number, density of the initial gasoline fractions before and after the catalytic
treatment, shown by chromatographic analysis, are shown in Table 4. The octane number by the research
method of the initial Stable Catalyzate AR is 83, after processing it decreased to 81. For the gasoline
fraction, Stable Catalyzate PR octane number according to the research method before and after the
experiment is 87. In this case also, the octane number has not changed. This indicates that the processing
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of gasoline practically does not reduce the octane rating. Densities slightly increased after treatment for
both fractions, and the saturated vapor pressure decreased, which is understandable from the point of view
of changing the hydrocarbon composition to a heavier region - naphthenes have a higher density and lower
vapor pressure compared to aromatic hydrocarbons.
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Figure 4 - Group composition of hydrocarbons of the Stable Catalyzate PR before and after catalytic treatment

Table 4 - Indicators of gasoline fractions before and after catalytic treatment

Octane number Saturated vapor pressure, kPa Density at 20°C, g/l
Name of fractions initial after initial after experiment initial after experiment
experiment
Stable catalyzate AR 83 81 23.64 19.86 779.87 785.55
Stable catalyzate PR 87 86 24.65 19.39 789.4 793.50

It should be noted that the studied processes of hydrodearomatization of gasoline fractions were
carried out under mild conditions — temperature 50°C compared with 160-330°C used in world industry.
Under more stringent conditions, the process of complete hydrogenation of aromatic hydrocarbons can
occur with the opening of the benzene ring, which is undesirable, because alkanes have a low octane
number.

The same catalyst was tested during the hydrodearomatization of two diesel fuels obtained from PR
and PKOP. In diesel fuels, olefins, mono- and poliomatic hydrocarbons can be hydrogenated. Table 5
shows the hydrogenation of PKOP diesel fuel (180-350°C) and PR diesel fuel (169-347°C). The change in
the operational characteristics of diesel fuels during hydrogenation to Pt-Rh/Al,Os is presented in table 5.

Table 5 - Physico-chemical indicators of diesel fuels of PR and PKOP in the process of hydrogenation

Condi- Densi-ty | Cloud | Pour Flash point Kinematic Aroma- lodine Cetane
tions at 20°C, | point, | point, in a closed viscosity tics number, index
g/lcm® °C °C crucible, °C at 20°C, content, gl2/100g
mm?/s % of fuel

Diesel fuel PKOP (180-350°C)

Before hydrogenation 0.833 5 0 61 4.5 13.80 3.2 52
Pt-Rh/Al203 0.839 -2 -4 57 4,6 0.73 0 53
Diesel fuel PR (169-347°C)

Before hydroge-nation 0.841 -15 -8 64 4.8 12.90 2.9 49
Pt-Rh/

AlOs 0.850 -18 -12 58 5.0 0.68 0 51

—— 4 ——
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In the presence of a Pt-Rh/Al,Os catalyst, the density increases for PR fuel from 0.841 to 0.850 g/cm?,
and for PKOP fuel from 0.833 to 0.839 g/cm?® (the norm for diesel fuel is 0.860 g/cm?). Clouding and
solidification temperatures decrease respectively for PR fuel increased from -15 to -18°C and from -8 to -
12°C, and for PKOP fuel - from 5 to -2°C and from 0 to -4°C. The flash point in a closed crucible for PR
fuel decreases from 61 to 57°C, and for PKOP fuel from 64 to 58°C, whereas according to the norm 55°C.

The viscosity of AR fuel increases from 4.8 to 5.0 mm?/s and for PKOP fuel from 4.5 to 4.6 mm?/s
(according to the norm of 3-6 mm?s). The aromatics content (including mono- and polyaromatic
hydrocarbons) for PR fuel decreases from 12.90 to 0.68%, for PKOP fuel from 13.8 to 0.73%. The iodine
number indicates the presence of double bonds, i.e. the presence of olefins. For PR fuel, the iodine number
decreased from 3.2 to 0 g 1,/100 g of fuel, for PKOP fuel it decreased from 2.9 to 0 g 1,/100g of fuel,
which indicates that olefins were practically hydrogenated on the catalyst.

The cetane index increased by 1-2 units: for PR fuel from 49 to 51, for PKOP fuel from 52 to 53. The
cetane index depends on the ratio of naphthenic and aromatic hydrocarbons, and in our case, the aromatics
were hydrogenated to form naphthenic hydrocarbons.

Thus, the advantage of catalytic hydrodearomatization is the improvement of performance indicators
and approximation to the standards for diesel fuels obtained at Kazakhstan refineries.

The technology of hydrodearomatization of automobile gasolines and diesel fuels is applicable for the
production of eco-friendly fuels with a low content of aromatic hydrocarbons, which will reduce the
volume of gaseous emissions and extend the service life of cars by 1/3, which will also bring economic
benefits.

Conclusions

The process of hydrodearomatization of two gasoline fractions of AR and PR and two diesel fuels of
PR and PKOP on the prepared Rh-Pt/Al,O; catalysts was studied. The effect of the process parameters of
the hydrodearomatization of gasoline fractions (pressure 1-5 MPa, temperature 25-200°C) on the content
of benzene and aromatic hydrocarbons was studied. At of 50-200°C and 2-5 MPa, benzene is completely
removed from the fraction, and the amount of aromatic hydrocarbons is reduced by 1.5-2 times. The group
composition of gasoline fractions showed a decrease in the number of aromatic hydrocarbons, olefins and
an increase in paraffins of the iso-structure, which indicates the occurrence of not only a hydrogenation
reaction, but also hydroisomerization. Some operational properties (kinematic viscosity at 20°C, pour
point and cloud point, flash point, density at 20°C, iodine number, aromatic hydrocarbon content) of the
starting diesel fuel PR and PKOP and after catalytic treatment were determined. In the presence of a Pt-
Rh/Al,O3 catalyst, all performance indicators improve and approach the standards for diesel fuel, the
content of aromatic hydrocarbons decreased to 0, and the cetane index increased by 1-2 units.
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IKOJOTI'UAJBIK TA3A OTBIH AJTY 9ICI PETIHAE MOTOP OTBIHBIH
KATAJIM3AIK THAPOAEAPOMATU3AIIUAIAY

Annotanusi. JKYMBICTBIH MakcaThl KypaMmblHJIa apoMaTThl KeMIpCYTEeKTepi TOMEH JKOJOIMSUIBIK Tas3a
OTBIHAAPJBl OHAIPY YIIiH OCH3WMHIAI (Qpakuusuiap MEH AM3ENb OTBIHAAPBIH THApOJeapOMaTH3alMsIay IPOLECIH
3eprTey Oonbln TaObutanbel. ATblpay MyHaih enzaey 3aybiThl JKeke Illapyamsuieik Cepikrectiri (AMO3) sxone
[MaBnonap myHaiixumusiiablK 3aybiThl JKeke lapyamsnibik Cepikrectiri (IIMX3) exi Oen3unai GppakuuscbH KoHE
AMO3 wmen XKUIC PetroKazakhstanOilProducts, Isimkent (IIKOIT) exi awm3enbai oteiebiH  Rh-PH/AIO3
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KaTajM3aTopiiapblHia TUApIeY 3epTTesai. [ uapomeapomarnsaiys MPOLECIHIH TEXHOJOTHSUIBIK MapamMeTpiepiHiH
(xpiceiMbl  1-5 MIla, temmnepatypacsl 25-200°C) OeH301 MEH apoMaTThl KOMIPCYTEKTEpAiH KypaMblHA acepi
seprrenai. 50-200°C rtemmepatypasa sxoHe 2-5 MIla cyreri KpichIMaapblHOa O€H30J1 (pakiusiga TOJBIFBIMEH
XKOMBUTaABl, an apoMmarThl kemipcyTekrep canbl 1,5-2 ece temenaeiai. [IMX3 sxone IIKOII Gacramkel nusens
OTBHIHAAPBIHBIH JKOHE KaTalu3/iK eHJeYAeH KeHiHri keil0ip maipamnaHy kacuerrtepi aHbIkTangsl (20°C xesiHmeri
KHHEMAaTHKAIBIK TYTKBIPJIBIFEL, KaTy JXOHE TYHIBIPY TEMIEpaTypacel, TyTaHy Temmeparypacsl, 20°C ke3iHzeri
TBIFBI3MBIFBI, WO CaHBI, XOII HiCTI KOMIPCYTEKTEepHAiH Kypambl). ['mapomeapomaTu3amnus mporeci Ke3iHae O0apIrbik
nalganany KepceTKIITepi jkaKkcapasl KOHE ANW3eNb OTBHIHBI YINIH HOpMalapFa >KaKbIHAAH/IbI,all EeTaHABIK HHIEKC
1-2 Gipmikke yWIFaipl.

Tyiiin ce3aep: Karanu3aTop, THAPICY, THAPOIECAPOMATH3AIN, APOMATTHI KOMIpCyTeKTep, OCH3MH (PPaKITUACHI,
JIM3€J1b OTBHIHBI.
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KATAJIUTHYECKAA THAPOJAEAPOMATU3AIIA MOTOPHBIX TOIIJINB
KAK CITIOCOB MOJYYEHHUA SKOJOI'NMYECKHN YUCTbIX TOIIJINB

AnHoranus. llerapio paboThl SBISIOCH M3YYEHHUE MPOIlEcca THIPOAeapOMaTU3allii OCH3MHOBBIX (pakiuil u
JU3CIIbHBIX TOIUIUB IS TPOM3BOCTBA SKOJIOTHYECKU YHCTHIX TOIUIMB C HHU3KHUM COJCPKAHHUEM apOMAaTHYECKUX
yriieBoJoponoB. M3yueHo runpupoBanue AByx OeH3uHOBBIX (pakumit TOO ATsipayckuii HedTenepepadbaThIBaro-
it 3aBog (AHII3) u TOO IlaBnonapckuit Heprexumuueckuii 3aBon (ITHX3) u aByx nuszensubix Tormus [THX3 u
TOO PetroKazakhstanOilProducts, HIsmkent (ITKOIT) ma Rh-Pt/Al,Os; xaranmsatope. MccnemnoBanoch BIUSHHAE
TEXHOJIOTHYECKUX MapaMeTpoB Ipoiiecca ruapoacapomarusamnuu (gapieHue 1-5 Mlla, temneparypa 25-200°C) na
conepkanre OeH30J1a ¥ apOMaTHUYECKUX yrieBonopoaoB. [lpu temneparypax 50-200°C u maBieHusx Bomopona 2-5
MIla 6eH301 OTHOCTRIO yAamseTcs U3 (PPaKIiy, a KOJHYECTBO apOMAaTHICCKUX YTIICBOJOPOJIOB CHIDKaeTcs B 1,5-2
pa3a. OmpenerneHbl HEKOTOPHIE YKCIUTyaTal[OHHBIE CBOWCTBA (KHMHeMaTH4eckas Bs3KocTh mpu 20°C, TeMrepaTypsl
3aCTBIBaHUS M TOMYTHEHUS, TeMIIEpaTypa BCIBIIIKH, IIIOTHOCTH Ipu 20°C, HOmHOE YHCIO, COIep KaHHEe apoMa-
THYECKHUX YTIIEBOJOPOIOB) HCXOAHBIX nu3enbHbIX TorwmuB [THX3 u ITKOII u mocne xaTamutudeckoit o0pabotku. B
npoliecce TUApoicapoOMaTU3alMy BCE IKCIUTyaTallMOHHBIE MOKA3aTeIH YIIYUIIATCS M MPUOIMKAIOTCS K HOpMam
JUTSL IU3EJIbHOTO TOIUINBA, & [IETAHOBBIA HHACKC YBEIHUYMIICS HA 1-2 €TUHMIIBL.

KaroueBble ciioBa: KaTanu3atop, T'MAPUPOBaHME, THIPOJCapOMAaTH3alUsd, apOMaTH4YeCKHe YrIeBOAOPOIbI,
OeH3uHOBas (paAKIKS, TU3ETHHOE TOIIMBO.
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