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HYDROPROCESSING OF DIZEL OIL FRACTIONS ON MODIFIED
ALUMINA CATALYSTS

Abstract. The paper presents the results of a study of hydroforming diesel oil fractions on alumina catalysts
modified with metals of variable valency, the addition of phosphorus and lanthanum. The study of the process of
hydroprocessing of the diesel fractions was carried out in a high-pressure flow unit with a stationary catalyst bed at
temperature of 320-400°C, a pressure of 3 - 4.0 MPa and a volume feed rate of 1-3 h'. The results obtained during
the tests of catalysts in the process of hydroprocessing of diesel oil fractions show that the greatest decrease in the
pour point and turbidity occurs at a temperature of 380—400°C. During the hydroprocessing of the diesel fraction, the
lowest residual sulfur content is observed at a temperature of 400°C.

During the hydroprocessing of the diesel fractions of oil, the catalyst CoO-WOs3- La,05 - P,05-ZSM- Al,O;,
has the greatest hydrodesulfurizing activity. The sulfur content of the catalysate with increasing temperature up to
400°C decreased from 0,560 to 0,0229%. The greatest decrease in the pourpoint and cloudpoint, during the
hydroprocessing of the diesel oil fraction is observed on the catalyst NiO-MoOj;-La,0;-P,05-ZSM-Al,0;: minus 58.9
and minus 57.7°C, respectively.

Physical and chemical characteristics of catalysts are studied. The method of temperature—programmed
desorption of ammonia found that the highest concentration of acid centers has a catalyst NiO-MoO3-La,03-P,0s-
ZSM-A1,0; (31.3-10'4m01 NH;ges /g cat) with Tye= 215°C, which determines its high hydroisomerizing activity in
the processes of hydroprocessing of diesel fractions.

The developed catalysts make it possible to obtain winter grades of diesel fuels with low sulfur content.

Key words: diesel fraction of oil, zeolite, catalyst, hydropurification.

Introduction

Recently, due to the involvement in the processing of high-sulfur oil and the deepening of its
processing, the requirements for catalysts for hydroprocessing gasoline and diesel oil fractions have
increased. According to international standards, a significant restriction of the content of sulfur, benzene,
aromatic and olefin hydrocarbons in motor fuels is required. Existing industrial catalysts for
hydroprocessing of oil fractions in many countries of the world do not meet the increased requirements for
the quality of motor fuels.

In the oil refining industry, hydroprocessing and hydroisomerization processes are increasingly used
to produce high-quality diesel fuels. As a result of hydroprocessing, sulfur, nitrogen compounds,
unsaturated hydrocarbons are removed, thermal stability is increased, the corrosion activity of fuels is
reduced, the formation of sludge during storage is reduced, and the color and smell of motor fuel is
improved. At present, there is a tendency to tighten the requirements for the composition of motor fuels,
the insufficient quality of which is one of the causes of environmental pollution, so the main attention of
many refineries is focused on increasing the depth of hydrodesulfurization. In this regard, catalytic
processes of deep hydroprocessing of oil fractions are of great importance for the production of high-
quality motor fuels at the present stage.

The practical implementation of this direction is associated with the creation of new multifunctional
catalysts that can effectively carry out deep hydroprocessing of diesel fractions in one stage. Catalysts
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based on high-silica zeolites, the activity and selectivity of which is determined by the unique acid-base
and molecular-sieve properties, are very promising in this regard. One of the possible ways to regulate
catalytic properties is the introduction of elements with variable valence into the catalyst and the use its as
modifiers.

At the same time, more attention is paid to the development of a hydroprocessing catalyst for a certain
type of oil product. [1 - 20].

In this work the results of research of catalytic hydroprocessing gasoline and diesel fractions of crude
oil on the new aluminonickel(cobalt),tungsten, molybdenum catalysts supported on Al,O; and modified
with additives of zeolite ZSM-5, phosphorus and lanthanum.

Experimental part

New zeolite-containing aluminum oxide catalysts modified by the introduction of metals with
variable valence and phosphorus were developed and prepared. The catalysts were prepared by
simultaneous impregnation of a mixture of aluminum hydroxide with high-silica zeolite HZSM-5, water-
soluble salts of Nickel, cobalt, molybdenum, tungsten, lanthanum and phosphoric acid. After
impregnation, the catalyst samples were molded at 150°C for 5 hours, then dried at 550°C for 5 hours.

The activity of the synthesized catalysts was studied in the processes of hydroprocessing of diesel oil
fractions. The process was carried out in a flow unit with a stationary catalyst bed at temperatures of 320-
400°C, a volume feed rate of 1-3 hour, a pressure of 3.0-4.0 MPa.

Analysis of sulfur content in raw materials and products was carried out on the SPECTROSCAN
device. Determination of pour point and cloud point was carried out on the device LAZ M2.

Physical and chemical characteristics of catalysts were studied using BET electron microscopy [21]
and temperature-programmed desorption of ammonia [22].

Results and discussion

The catalyst CoO-W0O;-La,0;-P,05-ZSM-Al,O3;was tested in the process of hydroprocessing of diesel
oil fraction (table 1). With an increase in the process temperature from 320 to 400°C, the pour point of the
diesel fraction after its hydroprocessing decreased from minus 18.3 to minus 37.6°C. Cloud point in these
conditions varies from minus 11.3 to minus 36.1°C. The yield of hydro-refined diesel fuel is 95.0-100.0%.
The sulfur content after hydroprocessing of the diesel fraction at 380-400°C on the catalyst CoO-WOs-
La,03-P,05-ZSM-Al,Osdecreases from 0.560 to 0.0229%.

Table 1 - Hydroprocessing of diesel oil fraction on the catalyst CoO-WO;-La,03-P,05-ZSM-ALO;, V=4 h™', P=4.0 MPa

Process Sulphur Pourpoint, °C Cloudpoint, °C Yield, %
temperature, °c content,%
Initial diesel fraction 0,560 -18.3 -11,3 -
320 - -36,1 -28.,5 100
350 - -33,8 -32,0 97,5
380 0,0266 -37,6 -36,1 95,0
400 0,0229 -36,2 -34,6 95,0

When testing the catalyst NiO-WO;-La,0;-P,05-ZSM-Al,Os;during the hydroprocessing of the diesel
fraction of oil, it is shown that the pour point of the diesel fraction at 400°C decreased to minus 38.8°C,
while the pour point of the feedstock is minus 18.3°C. Cloud point in these conditions varies from minus
11.3 to minus 28.8°C. The yield of hydro-refined diesel fuel is 96.1-100.0%. The sulfur content is reduced
from 0.560% in the initial fraction to 0.102% (table 2).

Table 2 - Hydroprocessing of diesel oil fraction on the catalyst NiO-WO;- La,O3- P,Os-ZSM-Al,03, V=2 hour, P=4.0 MPa

Process Sulphur Pourpoint, °C Cloudpoint, °C Yield, %
temperature, °c content,%
Initial diesel fraction 0.560 -18,3 -11,3 -
320 0,453 -30,2 -21,9 100
350 0,367 -35,1 -25,0 99,6
380 0,245 38,1 272 98,5
400 0,102 -38,8 -28,2 96,1
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In the process of hydroprocessing diesel oil fraction at the catalyst NiO-MoQO;-La,05-P,0s-ZSM-
Al Ospour point of the diesel fraction with 320°C decreased from minus 18,3 to minus 35,9°C. When the
process temperature rises to 400°C, the pour point decreases to minus 58.9°C. Cloud point in these
conditions falls from minus 11.3 to minus 57.7°C. The yield of hydroprocessing diesel fuel is 90.0-
100.0% (table 3). Sulfur content is reduced to 0.0536%.

Table 3 - Hydroprocessing of diesel oil fraction
on the catalyst NiO-MoOs- La,0; - P,Os-ZSM- Al,O;, V=4 h'!, P=4.0 MPa

Process temperature, °C Sulphur Pourpoint, °C Cloudpoint, °C Yield, %
content,%
Initial diesel fraction 0,560 -18,3 -11.3 -
320 0,367 -35,9 -30,7 100
350 0,251 51,3 51,0 92,5
380 0,135 -54,9 -48,1 91,0
400 0,0536 -58,9 -57,7 90,0

Table 4 presents the results obtained in the study of the effect of the bulk feed rate on the process of
hydroprocessing of the diesel fraction of oil on the catalyst NiO-MoO;-La,0;-P,05-ZSM-Al,Osat P=4.0
MPa, 400C. When the volume velocity decreases from 3.0 and 1.0 h™', the amount of sulfur in the catalyst
decreases from 0.1942% to 0.0536%. The greatest decrease in pour point and cloud point on this catalyst -
to minus 58, 9 and minus 57.7, respectively - is observed at an optimal volumetric feed rate of 2.0 h™.
Reducing the activity of the catalyst with increasing feed rate is due to a decrease in the contact time of
reacting substances with the active centers of the catalyst.

Table 4 - The effect of the volumetric feed rate of raw materials in the process of hydroprocessing the diesel fraction on the
Catalyst NiO-MOO3-L3203-P205-ZSM-A1203, with P:4,0 MPa, 400°C

V,h! Cloudpont, °C Pourpoint, °C Yield, % Sulphur
content, %
Initial diesel fraction -11,3 -18,3 - 0,560
1,0 57,7 -58,9 84,0 0,0536
2,0 -60,5 -60,7 88,0 0,1848
3,0 -30,8 31,4 100,0 0,1942

From the data presented in table 5, it can be seen that with an increase in pressure in the range of
3.0-4.0 MPa during the hydroprocessing of the diesel fraction of oil on the catalyst NiO-MoO;-La,0O;-
P,05-ZSM-Al,03, the pour point and turbidity with an increase in pressure to 4.0 MPa decrease from
minus 18.3°C to minus 58.9°C, and minus 11.3°C to minus 57.7°C, the sulfur content decreases from 0.560

t0 0.0536%.

Table 5 —The pressure effect on the process of hydroprocessing of the diesel fraction
on the catalyst NiO-Mo00j3-La,0;-P,05-ZSM-AL,O;, V=2 h!, 400°C

P, MPa Cloudpoint, °C Pourpoint, °C Sulphur Yield, %
content, %
Initial diesel fraction -11,3 -18,3 0,560 -
3,0 -32,1 -36,1 0,1110 93,0
3,5 -42.9 -43,1 0,0917 88,0
4,0 -57,7 -58.,9 0,0536 84,0

When testing the catalyst CoO-Mo0Os-La,05-P,05-ZSM-AIL,O;in the process of hydroprocessing the
diesel oil fraction, it was found that with an increase in the process temperature from 320 to 400°C, the
pour point and turbidity of the diesel fraction decreases by 36.7 and 37.1°C, respectively. The yield of
hydroprocessing diesel fuel is 92.0-100.0%. The sulfur content after hydroprocessing of the diesel fraction
at 380-400°C on the catalyst CoO-MoOj;-La,0;-P,05-ZSM-Al,Osdecreases from 0.560 to 0.104% (table 6).
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Table 6 - Effect of temperature on the process of hydroprocessing of the diesel fraction
on the catalyst CoO-Mo00;-La,0;-P,05-ZSM-Al,O;at P=4.0 MPa, V=2.0 h!

Process Cloudpoint, °C Pourpoint, °C Sulphur Yield, %
temperature, °C content,%
Initial diesel fraction -11,3 -18,3 0,560 -
320 -42,8 -47,5 0,448 100,0
350 -48.,4 -49,0 0,323 96,0
380 -44.7 -50,0 0,296 94,0
400 -40,8 -52,7 0,104 92,0

During the hydroprocessing of the diesel fraction of oil containing 0.64% sulfur on the catalyst
C00-Mo00s-La,0;-P,0s5-Fe,03-ZSM-Al1,0sin the range of 320-400°C, A decrease in the pour point from
minus 13.5 to minus 38.4°C(table 7) the cloud point under these conditions varies from minus 12.0 to
minus 38.1°C. The yield of hydroblagged diesel fuel is 94.0-99.0%. The sulfur content is reduced from
0.64 % in the initial fraction to 0.0310% in the resulting catalyst.

Table 7 -Hydroprocessing of the diesel fraction of oil containing 0.64% sulfur
on the catalyst CoO-MoO3-La,03-P,05-Fe,05-ZSM-Al,Ozat P=4.0 MPa, V=2.0 h!

Process temperature, Cloudpoint, °C Pourpoint,’C Sulphur Yield, %
°c content, %

Initial diesel fraction -12,0 -13,5 0,64 -
320 -16,0 -16,3 0,39 97
350 21,2 -21,5 0,28 99
380 -33,0 -33.3 0,11 99
400 -38,1 -38,4 0,031 94

The analysis of the test results of the developed catalysts in the process of hydroprocessing of diesel
oil fractions shows that the greatest decrease in the pour point and cloud point of hydroblagged fuel occurs
at temperature of 380 — 400°C. During the hydroprocessing of the diesel fraction, the lowest residual
sulfur content is observed at temperature of 400°C.

In the study of the process of hydroprocessing of diesel oil fractions on the studied catalysts, it was
established that the greatest decrease in the pour point and turbidity is observed on the catalyst NiO-
Mo0O;-La,03-P,05-ZSM-Al,0zand is equal to minus 58.9 and minus 57.7°C, respectively, at an
experiment temperature of 400°C. The hydrodesulfurizing activity of CoO-WOs-La,03-P,05-ZSM-
Al,Osis significantly higher than that of other catalysts studied: the sulfur content decreases to 0.0229%.

During the hydroprocessing of the diesel fraction at 400°C and the bulk speed of the raw material
from 2.0 h', the greatest hydrodesulfurizing activity varies in a number of catalysts (%): CoO-WOs-
La203-P205-ZSM-A1203 (0,0229%) <COO-MOO3-Lazo3-PzOS-Fezo3-ZSM-A1203 ( 0,031%)< NiO-MOO3-
La203— ons-HZSM-AIQO3 (0,0536%) <COO-MOO3-L3203- ons-ZSM-AIQO3 (0,104%)

The studied catalysts make it possible to obtain winter grades of diesel fuels with low sulfur content.

The activity of catalysts is associated with the size of their surface and acid-base characteristics.
Physical and chemical characteristics of catalysts were studied using BET methods and temperature—
programmed desorption of ammonia. By the BET method it is established that the surface of the
developed catalysts fluctuates within 211,0-274,0 m*/g of the catalyst. The catalysts are characterized by
pores with d = 1.5-2.5 nm and d = 7.0 nm. The total volume of catalyst pores does not exceed 0.28-0.41
ml/g of catalyst.

Acid-base characteristics of catalysts are essential for the processing of hydrocarbons. Acid
characteristics of catalysts were investigated by temperature—programmed desorption of ammonia (table 8).
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Table 8 - Acid-base characteristics of catalysts

The catalysts Temperature of the high|Amount of desorbed >NH; desorbed
peaks, °C ammonia, 10 mol/gcat. 10" mol/gcat.
1 2 1 2

NiO-WOs;- La,05- P,05-ZSM- Al,O4 — 195 — 21,0 21,0

Co0-WO0s-La,05-P,05-ZSM-AL,0; — 210 — 26,0 26,0

NiO-Mo0;-La,05-P,05-ZSM-Al1,05 — 215 — 31,3 31,3

Co00-Mo00s3-La,05-P,05-ZSM-AL,0; 175 220 10,2 9,5 19,7

C00-Mo003;-La,05-P,05-Fe,05-ZSM-AL0; 150 265 4,5 5,5 10,0

From the data presented in table 8, it can be seen that on the surface of the catalysts NiO-WOs-La,0;-
P205-ZSM-A1203, COO—WO3—La203—P205—ZSM—A1203, NiO-MOO3-LaQO3-P205-ZSM—A1203, there are
strong acid centers with Tqe equal to 195, 210 , 215°C, respectively. The amount of ammonia desorbed
from the surface of NiO-WO;-La,05-P,05-ZSM- Al,O5 is 21.0'10'4molNH3des/g cat. The number of acid
centers of CoO-WO;-La,03-P,05-ZSM-AlL,Oscatalyst is 26.0¢10*mol NH; des/g cat. The concentration of
acid centers on the catalyst NiO-Mo0O;-La,0;-P,05-ZSM-Al,0; above — 31.3-10'4m01NH3des/g cat. Two
forms of adsorbed ammonia with Ty equal to 175 and 220°C were found on the surface of the catalyst
Co0-M005-Lay03-P,05-ZSM-A1,05. Their number is close to 10.2 and 9.5 mol NH;4.s/g cat, respectively.
The total amount of NHsges = 19.7 10*molNH;qes/ g cat. The total amount of ammonia desorbed from the
surface of CoO-Mo0O;-La,053-P,05-Fe,05-ZSM-ALO; is significantly lower than 10.0¢10*mol NH; des/8
cat. This catalyst is characterized by the presence of the most loosely bound and most strongly bound
forms of ammonia in comparison with other studied catalysts: with Ty equal to 150°C and 265°C.

It should be noted that the highest concentration of acid centers has the catalyst NiO-MoOs-La,05-
PZOS-ZSM-A1203(31,3-10'4m01NH3 des/g cat) Tge= 215°C, which determines its high hydroisomerized
activity in the processes of hydroprocessing diesel fractions.

Thus, the developed multifunctional modified alumina catalysts of hydroprocessing diesel oil
fractions, which are simultaneously in one step carry out hydroprocessing, hydrocracking and
hydroisomerization, which allows to obtain low-sulfur waxy diesel fuel.

The source of research funding: Work performed under scientific and technical program: No.
BR05236739 "Establishing the foundations of production products of oil and gas processing on the basis
of domestic technologies".

B.T. Tyktun, A.C. TennzoaeBa, H.A. llammar, A.3. Aduabmar:kanoB, A.A. lllanosaJioB
«/1.B. Cokonbckuii aTeiHOars! JKanapMaid, KaTaiam3 skoHe IeKTpoxuMust HHCTUTYTe AK, Anmartel, Kazakcran

MYHAWIBIH JU3EJbIIK ®PAKIUSIIAPEIH MOIN®UIMPEHTEH AJTIOMOOKCH/TI
KATAJIN3ATOPJIAPJIA THIPOOH/IEY

Annoranusi JKywmbicTa MyHaWJIbIH IU3eNBAIK (paklMsUIapblH aybIClaibl BaJeHTTI MmertaiaapMmel, docdop
KOHE JIAaHTaH KOCHaJapbIMeH MOAM(MUIMPIICHIeH aTIOMOOKCUATI KaTajJM3aTOPbIHAA THIPOXKAKCApTy IPOLECiH
3epTTey HOTIKeNepi Kepcerinren. Ju3enbaik pakuusIapasl THAPOSHIEY mpouecTepinae seprreyiep 320-400°C
TeMmmepaTrypana, KbichiMbl 3-4,0 MIla jkoHe WIMKi3aT OepinydiH KeTeMIiK >KeULIaMibFel 1-3 car' Gombin
KaTaJIM3aTOPABIH TYPAaKThl KaOaThIHIIA aFbIMIBI KOHABIPFBIA KYprizunmi. KatamuzaTtopmapasl cblHAY HOTIDKECIHIE
MYHaHIBIH AU3ENbIiK (GpaKsIapblH THAPOOHICY HPOLECTEPIH/AE JTallaHy XKOHE KATy TEeMIEPaTypalapblHbIH €H
ke Temenzeyi 380 - 400°C TemmepaTypanapaa 6onaThIHI KepceTiaai. Ju3ebaik Gpakuusiap/sl THAPOSOHIereHIe
eH a3 kykipt memnurepi 400°C Temneparypana Oaiikanasl. MyHaiIbIH AW3ENbAIK (PAKUUACHIH THAPOOHIETEHIE SH
YIKeH THApoKyKipTeizmeHaipy aktuBTimirii  CoO-WO;-La,0;-P,05-ZSM-ALL,O;  kaTamu3aTopsl  KeOpCETTi.
Temmeparypa 400C-ka meifin eckeHie KaTanu3aTTarsl KyKipTTiH Memmepi 0,560-tan 0,0229%-ra keminai. MyHaiapH
JU3ENbIIK (GpaKIUsIAPhIH THAPOOHICTCHIC KaTy KOHE JIallaHy TemIeparypaiapbl eH ken teMenaeyi NiO-MoOs-
La,0;-P,05-ZSM-Al,O; katanuzatopsisa Oaikanab: MUHYC 58,9 KaTy KoHE MUHYC 57,7°C nainany.

KaranuzaropnapablH (H3MKa-XUMUSUIBIK KacHeTTepi 3epTTeiji. AMMHUAKTHIH TeMIleparypa-0araapiiamMmaibl
JiecopOust otici OOMBIHINA KBIIIKBUIIBIK OPTAIBIKTApIbIH eH yikeH Menmepi NiO-MoO;-La,03-P,0s-ZSM-AL 05
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katammaropeiaaa (31,3-10% moms NHie /r kaT. Tee=  215°C) Gompim , omap ausens (pakuusiapbiH
THUIPOOHIIETEH/IE )KOFaphl THAPOU30MEpPIICY aKTUBTLIITIH aHBIKTAHIbI.

JKacanmeiHFaH KaTanmu3aTopiap KyKipTi a3 KICTBIK COPTTHI TU3ENb OTHIHIAPHIH alTyFa MYMKIHAIK Oeperi.

Tyiiin ce3nep: MyHalbIH AU3ENbIIK (paKUUsIChI, IEOJIUT, KATANN3aTOP, THIPOTA3aPTy

B.T. Tyktun, A.C. Tenn3oaeBa, H.A. lllammar , A.3. Aduabpmar:kanos, A.A. lllanoBajios
AO "HHcTUTYT ToIIMBa, KaTanu3a u aekrpoxuMuu uM. J[.B. Cokonbckoro", Anmarsl, Kazaxcran

TAJIPONEPEPABOTKA JIM3EJIbHBIX ®PAKIIAA HE®TU HA MOJUPUIIUPOBAHHBIX
AJIIOMOOKCHUIHBIX KATAJIN3ATOPAX

AHHoTanusi B pabore npuBeaeHs! pe3yIbTaThl NCCIEIOBAHMS THAPOOOIAropa>KMBaHMUsI U3EIBbHBIX  (paKIui
He()TH Ha AJTFOMOOKCHIHBIX KaTalM3aTopax, MOIU(HUIMPOBAHHEIX METAUIAMH C NEPEMEHHOH BaJICHTHOCTHIO,
nobaskamu (ocdopa u nanTaHa. MccnenoBanue nporecca THAPOnepepadoTKy AU3eIbHBIX (HpaKLuid IPOBOIMUIOCH B
MIPOTOYHOI yCTaHOBKE BBICOKOTO JIABJICHHUS CO CTAIIMOHAPHBIM CIIOEM KaTalln3aTopa IpH TeMIepaTypax 320-400°C,
naenennu 3-4,0 MIIa 1 06beMHOIl CKOPOCTH TOJAuH ChIpbs 1-3 u'. Pe3ynbTaThl, MOTYYEHHbIE TIPU MCIIHITAHHAX
KaTaJlM3aTopoB B TIpOLECcCe THIPONEpepadOTKH OU3EIbHBIX (pakuuii He(TH, MOKa3bIBAIOT, YTO HauOOJbIIee
CHIDKGHHME TEMIIEpPaTyphl 3aCTHIBAHHS M TMOMYTHEHHS —NPOMCXOAMT mpu Temmeparypax 380 - 400°C. Ilpu
THIporepepadoTKe IU3eNbHBIX (PAaKIUi HaMMEHbIEE  OCTaTOYHOE COJEpXKAaHHE cepbl HaOJojaeTcs Ipu
temrepatype 400°C.

[Ipu rupponepepaboTke nu3eNbHBIX (pakuuii HedTw HamboJbmIeld THApooOEeccepHBaIOIEl AKTUBHOCTHIO
obmamaer xkartamuzatop CoO-WOj;3-La,03-P,05-ZSM-AL,O;. Copmepkanue cepel B Karajam3are C POCTOM
temneparypsl g0 400°C camsmiock ¢ 0,560 10 0,0229%. HamGombllee CHUKEHME TEMIIEPATYphl 3aCTHIBAHHS H
MOMYTHEHUSI TIpU THIponepepadOTKe MU3ENBHBIX (paknmid HedTr Habmomaercs Ha Karammzarope NiO-MoOs-
La;0;-P,05-ZSM-A1,0;: munyc 58,9 1 MuHyc 57,7°C COOTBETCTBEHHO.

W3ydeHsl  (GHU3MKO-XMMHYECKHE  XapaKTEePHCTHKU KaTaau3aTopoB.  MeTonoM  TeMIepaTypHO—
MPOrpaMMHPOBAHHON AECOPOIMM aMMHaKa YCTaHOBJIEHO , YTO HauOOIbIIEH KOHLEHTPALUEH KHUCIOTHBIX LIEHTPOB
obmamaer karammsatop NiO-MoOs-La,05-P,05-ZSM-AL 05 (31,3107 Momb NHs /1 kaT-pa) ¢ Tree= 215°C, uto 1
OIpEJEIsIET €ro BBICOKYIO THIPOM30MEPH3YIOIIYI0O aKTHBHOCTh B IPOIECCax THIPONEPEepadOTKH  JU3EIbHBIX
(hpakumii.

PazpaboTanHble  KaTaJn3aTopbl IIO3BOJSIIOT IOJy4aTh 3WMHHE COpPTa JU3EIbHBIX TOIUIMB C HU3KUM
COJICPIKaHHUEM CEPBI.

KitroueBble ciioBa: au3enbHas Gpakuus HeTH, LEONNT, KaTaIU3aTopP, THAPOOIHCTKA
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