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STUDY OF HYDRO PURIFICATION
ANDHYDROIZOMERIZATIONSTRAIGHT-RUN GASOLINE
FRACTION OVER MODIFIED Ni (Co)-Mo- ALOs- CATALYSTS

Abstract. The article presents the results of studies of hydropurificationand hydroisomerization of a straight-run
gasoline fraction on new zeolite-containing alumonickel (cobalt) molybdenum catalysts modified with phosphorus
and (rare earth element) REE: CoO-Mo0O;-Ce,05-P-05-Al,05-ZSM (KGO-18) and NiO-MoO;.Ce,05-P,05-Al,0;-
ZSM (KGO-3). The effect of temperature, pressure and the volume flow rate of the feedstock was studied.
Investigation of the processes of hydroprocessing of straight-run gasoline was carried out in a high-pressure flow
systenll with a stationary catalyst bed at temperatures of 320-400°C, a pressure of 3.0 -4.0 MPa and a feed rate of 0.5-
3.0hr™.

At hydroprocessing of straight-run gasoline with high hydrodesulfurizing activity the catalyst KGO-18
possesses. The sulfur content of the catalyst decreased from 0.0080 (reference gasoline) to 0.0015% with an increase
in temperature to 400°C. After hydroprocessing the straight-run gasoline fraction on the KGO-3 catalyst at 400°C,
the octane number of the hydro-upgraded gasoline rises from 79.0 (reference gasoline) to 92.4 research method (RM)
and from 62.4 to 77.0 motor method (MM). Under these conditions, the octane number of hydrotreated gasoline on
the catalyst KGO-18 is increased in comparison with the initial from 78.9 to 90.7 (RM) and by the motor method
from 60.9 to 71.7.

Electron microscopic studies have shown that the modified Ni (Co)-Mo-Al,O; catalysts are highly disperse, the
metal components of the active phase are predominantly in the oxidized state, forming cluster-associates on the
surface whose dispersion and structure and state are determined by the nature of the catalyst components.
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Introduction

In the oil refining industry, hydropurification and hydroisomerization processes are widely used to
produce high-quality motor fuels, which are one of the main processes widely used in the oil refining
industry.

In connection with the deepening of the processing of high-sulfur oil, there is a growing need to
improve the existing catalysts for the hydrotreating of oil fractions. In accordance with modern
requirements, a significant limitation of the sulfur, benzene, aromatic and olefinic hydrocarbons in motor
fuels is necessary. The known industrial catalysts do not provide the required degree of hydrotreating. In
many countries, catalysts are being searched for increasing the depth of removal of sulfur-containing
compounds and improving the technology for the production of motor fuels.

The problem of choosing the most effective catalyst is complex and requires in each case an
individual approach. Recently, specific catalytic systems for the hydroprocessing of a specific type of raw
material have been purposefully developed [1-19].

In this paper, the results of hydropurification and hydroisomerization studies of a straight-run gasoline
fraction on new zeolite-containing alumonickel (cobalt) molybdenum catalysts modified with phosphorus
and REE: COO-MOOg-C6203-P205-A1203-ZSM (KGO-]S) and NiO-M003-C6203- P205-A1203-ZSM
(KGO-3).
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Experimental part

New modified zeolite-containing catalysts of CGO were developed. The catalysts were prepared by
impregnating a mixture of aluminum hydroxide and zeolite ZSM with aqueous solutions of nickel (cobalt)
nitrate, ammonium paramolybdate and the introduction of modifying additives. After molding, the catalyst
was dried at 150°C and calcined at 550°C for 5 hours.

New zeolite-containing modified catalysts were synthesized for the process of hydrotreating gasoline
fractions of 0il:Co0O-Mo00O;- Ce;0:-P,05-Al,05-ZSM (KGO-18);:Ni0O-Mo0s- Ce,05-P,05 - Al,O;-ZSM
(KGO-3).

Investigation of the processes of hydroprocessing straight-run gasoline in a high-pressure flow system
with a stationary catalyst bed at temperatures of 320-400°C, a pressure of 3.0-4.0 MPa and a volumetric
feed rate of 2hr'. The hydrocarbon composition of the reaction products was analyzed on chromatographs
"Chromatec-Crystal" and "Chromium-5". Analysis of sulfur content in feedstock and products was carried
out in «Oilsert International» LLP (Almaty).

To study the structure and state of the catalyst surface, the electron microscopy method was used [20,
21].

Results and discussion

When hydrolyzing the gasoline fraction on the catalyst KGO-3 at 320°C at V = 2.0hr” and P =
4 OMPa, the content of isoalkanes increases from 40.3% (initial fraction) to 44.0%, with an increase in
temperature to 400°C, their amount slightly reduced to 37.5% (Table 1). Under these conditions, the
proportion of aromatic hydrocarbons in the resulting catalyst varies from 14.7 to 29.4%. The content of
naphthenic hydrocarbons in the catalyst is 19.4-22.5%, olefinic hydrocarbons - 4.2 - 6.1%. The yield of
the liquid phase with increasing temperature from 320 to 400°C decreases from 80.0 to 75.0%.The octane
number of hydrotreated gasoline in these conditions rises from 79.0 (reference gasoline) to 92.4 (RM) and
from 60.9 to 77.0 (MM). After processing the gasoline fraction with an initial sulfur content of 0.0080%
on the catalyst KGO -3, the mass fraction of sulfur in the catalyst decreased to 0.0039% with an increase
in temperature to 400 ° C.

Table 1 - Effect of temperature on the process of hydroprocessing of the gasoline fraction on the catalyst KGO-3

T°C
Products,%

Initialgasoline 320 350 380 400
Paraffins C;s-Cs 25,7 14,5 8.5 5.1 6,9
Iso-alkanes 40,3 44.0 422 46,2 37,5
Olefins 5,1 4.3 6,1 42 4.4
Aromatichydrocarbons 8.9 147 232 25,1 294
Naphthenichydrocarbons 20,0 22.5 20,0 19.4 21,8
Yield of the liquid phase - 80,0 78.5 786 75,0
Octane number by research 79,0 856 $7.9 89.1 924
method
Octane number by motor 60,9 719 734 742 770
method
Massfractionofsulfur,% 0,0080 0,0064 0,0060 0, 0057 0,0039
Note: P=4,0MPa, V=204

The influence of pressure on the process of hydroprocessing of the gasoline fraction on the catalyst
KGO-3 at V =2.0 hr' and T = 400°C was studied (Table 2). With an increase in pressure in the interval
2.5-4.0 MPa, the amount of isoalkanes is 37.2-38.9%, the concentration of naphthenic hydrocarbons
decreases from 17.0% to 21.9%.The concentration of aromatic hydrocarbons in the resulting catalyst
ranges from 29.4-30.9%, olefins - 3.4-9.0%. The yield of the liquid phase is 70.0-75.0%. The octane
number of gasoline enriched at 4.0 MPa is 92.4 (RM) and 77.0 (MM). When hydrolyzing the gasoline
fraction, the sulfur content of the final product decreases from 0.0080% (reference gasoling) to 0.0039% at
4.0 MPa.
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Table 2 - Influence of pressure on the process of hydroprocessing of the gasoline fraction on the catalyst KGO-3

Products,% Pressure, MPa
Inifiz] 2.5 3.0 35 40
gasoline
Paraffins Cs-Cs 25,7 8.5 42 8,7 6,9
Iso-alkanes 403 37.8 38,9 372 37,5
Olefins 5.1 3.4 9.0 6.3 4.4
Aromatichydrocarbons 8.9 30,9 30,9 30,8 294
Naphthenichydrocarbons 20,0 19.8 17,0 17,0 21,8
Yield of the liquid phase - 70,0 70,0 72,0 75,0
Octane number by research method
79,0 90,0 91,0 91,5 924
Octane number by motor method 60.9 754 74.9 76.5 77.0
1 0,

Nssfractionaiulfin, % 0,0080 0,0061 0,0057 0,0049 0,0039
Note: P=4 0MPa, V=2,0hr": V=2 0hr”andT= 400°C.

During the hydroprocessing of the gasoline fraction on the catalyst KGO-3 (P = 4.0 MPa and 400°C),
when the volumetric feed rate of the feed varies from 1.0 to 2.5 hr', the content of isoalkanes in the
catalyst varies from 31.4 to 37.5% the concentration of aromatic hydrocarbons is 29.0-30.7%, of
naphthenic hydrocarbons is from 15.4 to 21.8%. The amount of olefinic hydrocarbons varies between 2.7-
4.4%. The octane number of the gasoline produced increases with hydrotreating on the catalyst KGO-
compared to the initial (79.0) to 92.4-93.7 (RM). The yield of the liquid phase is 75.0-78.0%. When
hydrolyzing the gasoline fraction on the catalyst KGO-3, the sulfur content in the final product decreases
from 0.0080% (reference gasoline) to 0.0039% at 4.0 MPa (Table 3)

Table 3 - Influence of the space velocity on the process of hydroprocessing of the gasoline fraction on the catalyst KGO-3.

Do o Volumetricspeed, h!
roducts,% o

’ nifiz] 10 1.5 2.0

gasoline

Paraffins Cs-Cg 257 20,2 174 6,9
Iso-alkanes 40,3 31,4 338 37.5
Olefins 5,1 2.7 2,7 4.4
Aromatichydrocarbons 8.9 290 30,7 294
Naphthenichydrocarbons 20,0 16,6 154 21,8
Yield of the liquid phase - 78,0 77,0 75,0
Octane number by research method 79,0 93,7 93,5 924
Octane number by motor method 60,9 77,4 77,6 77,0
Massfractionofsulfur,% 0,0080 0,0037 0,0039 0,0039
Note: P=4.0MPa, 400°C

When studying the influence of temperature on the process of hydroprocessing of straight-run
gasoline on the catalyst KGO-18, it was shown that in the temperature range 320-350°C the maximum
amount of isoalkanes is 39.7-38.2% (Table 4). At higher temperatures, the yield of isoalkanes decreases to
34.4% at 400 "C. The content of aromatic hydrocarbons in the catalyst under these conditions increases
from 15.2 to 24.8%, the yield of naphthenic hydrocarbons decreases from 26.1 to 24.0%. The amount of
olefinic hydrocarbons varies within the range of 4.6-7.6%. The yield of hydro-upgraded gasoline
decreases from 70.7 to 60.5% with increasing temperature from 320 to 400°C.The octane number of
hydrotreated gasoline is increased compared with the original from 79.0 to 90.7 (MI) and by the motor
method from 60.9 to 71.7. The sulfur content of the catalyst decreased from 0.0080 (reference gasoline) to
0.0015% with an increase in temperature to 400°C.
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Table 4 - Effect of temperature on the process of hydroprocessing straight-run gasoline on catalyst KGO-18

T°C
Products,%

Initialgasoline 320 350 380 400
Paraffins Cs- 273 114 15,1 12,5 122
Iso-alkanes 36,8 39,7 382 34,0 344
Olefins 4.8 7.6 5,6 5.4 4,6
Aromatichydrocarbons 9.2 152 18,7 20,9 248
Naphthenichydrocarbons 21,9 26,1 223 272 24.0
Yield of the liquid phase - 70,7 683 65,0 60,5
Octane number by research 79.0 82.6 84.9 88.1 90,7
method
Octane number by motor 60.9 678 6717 68.5 717
method
Massfractionofsulfur,% 0,0080 0.0049 0.0026 0,0030 0.0015
Note: P=4,0MPa, V=2 0hr"

Table 5 shows the results obtained in a study of the effect of pressure on the process of
hydroprocessing straight-run gasoline on the catalyst KGO-18. Studies have shown that in the pressure
range 2.5-4.0 MPa, the content of isoalkanes in the catalyst increases from 31.2 to 38.8%. The amount of
aromatic hydrocarbons in this pressure range increases from 25.8% to 32.8%, while a decrease in the yield
of naphthenic hydrocarbons from 30.1% to 22.9%. The content of olefinic hydrocarbons is 5.3-6.2%.The
vield of hydro-upgraded gasoline increases with increasing pressure from 358.0 to 90.0%. The octane
number of hydro-upgraded gasoline is increased compared to the initial from 79.0 to 90.7 by the research
method and by the motor method from 60.9 to 71.7. The sulfur content of the catalyst decreased from
0.0080 to 0.0015% as the temperature increased to 400°C.

Table 5 - Influence of pressure on the process of hydroprocessing
of straight-run gasoline on the catalyst KGO-18 at T =400°C, V=2.0h"

P, MPa
Products,%

Initialgasoline 2.5 3,0 3.5 40
Paraffins Cs-Cg 27,3 7.6 12,6 7.6 72
Iso-alkanes 36,8 312 32,0 37.8 38,8
Olefins 4.8 5.3 5.5 3.0 6.2
Aromatichydrocarbons 9.2 25.8 26,9 313 328
Naphthenichydrocarbons 21,9 30,1 22.9 20,3 22.9
Yield of the liquid phase 58,0 70,0 75,0 90,0
Octane number by research method 79,0 87,7 91,5 882 90,7
Octane number by motor method 60.9 703 73 7.5 7.7
Masshagtienetiulir, o 0,0080 0,0013 0,0013 0,0012 0,0015
Note: V=2,0hr"andT= 400°C.

When hydrolyzing the gasoline fraction on the catalyst KGO-18 (P = 4.0 MPa and 400°C) with an
increase in the feed rate of feed from 0.5 to 3.0 hr', the content of isoalkanes in the catalyst increases from
31.3 to 35.0 %, the amount of aromatic hydrocarbons is 25.7-32.8%, the yield of naphthenic hydrocarbons
is 26.3-34.9%, of olefinic hydrocarbons varies between 5.8-6.3% (Table 6). The octane number of the
produced gasoline increases with hydrotreating on the catalyst KGO-18 in comparison with the initial
(79.0) to 89.2-90.7 (RM).The yield of the liquid phase fluctuates within the limits of 80.4-94.6%. During
hydroprocessing of the gasoline fraction on the catalyst KGO-18 at P = 4.0 MPa and 400°C and sulfur
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feed rates of 0.5 hr'' sulfur-containing compounds in the final product were not detected. With an increase
in feed rate, the residual sulfur content fluctuates between 0.0012 and 0.0026% (Table 6).

Table 6- Influence of the volumetric feed rate on the process
of hydroprocessing of straight-run gasoline on the catalyst KGO-18

vV, !
Products,%
0,5 1,0 2,0 2.5 3.0

Paraffins Cs-Cg 27,3 35 82 32 7.9 6,5
Iso-alkanes 36,8 31,3 30,0 22.8 34,3 35,0
Olefins 4.8 6,3 6.2 6,2 5.8 )
Aromatichydrocarbons 9,2 25.8 27,7 32.8 25,7 26,2
Naphthenichydrocarbons 21,9 33,1 279 349 26,3 26,6
Yield of the liquid phase - 94,6 938 90,0 86.4 80,4
Octane number by research method 79,0 89,7 89,2 90,7 90,7 92.1
Octane number by motor method 60,9 71,5 68,9 71,7 72,1 71,5
Massfractionofsulfur,% 0,0080 < 0,0012 0,0015 0,0024 0,0026
Note: P=4,0MPaand400°C

The conducted studies of the process of hydroprocessing of the straight-run gasoline fraction allowed
to establish that the catalyst KGO-18 possesses higher hydrodesulfurizing activity in comparison with the
catalyst KGO-3: the residual sulfur content at 400°C is 0.0015 and 0.0039%, respectively. Under these
conditions, the octane number of gasoline hydroprocessed on the catalyst KGO-18 is 90.7 (RM), and the
gasoline produced on the catalyst KGO-3 has an octane number of 92.4 (RM). The observed increase in
the octane number is mainly due to the enhancement of the process of hydroisomerization of n-alkanes
and the increase in the content of aromatic hydrocarbons.

The activity of the catalysts is related to the surface structure, composition and state of the active
sites. An electron-microscopic study was made of the structure and state of the active sites of catalysts
KGO-3 and KGO-18.

According to the electron microscopy data, the catalysts are highly disperse, the metal components of
the active phase are predominantly in the oxidized state, forming cluster-associates on the surface, the
dispersion, structure and state of which is determined by the nature of the catalyst components.

The KGO-3 catalyst is characterized by the presence of clusters with d = 3.0 - 4.0 nm, which are
formed by finely dispersed particles with d <0.05 nm, which include NiSi2 and Ni203. In addition, there
are single particles with signs of hexagonal faceting with d = 15.0-30.0 nm, consisting of the compounds
AIN1,;Si, AINi, Ge,0;, MoO (OH) ,, AIMo;, MoSi,, Al;Ce and CeAlO; (Figure 1).

Figure 1 - Electron microscopic RMages of the catalyst KGO-3

Clusters of highly dispersed particles of various shapes with d = 50-200 nm, consisting of Co,Mo;0:s,
CeP,0,, AIPO,, CoOOH, MoOPO,, a-Co (P,0,), Ce (MoQ,) ,, are found on the surface of the catalyst

KGO-18 (Fig. 2). In addition, there are 4-5 nm particles formed by Ge4 (P207) 3, CoSi, MoP, MoSi,,
GesOq7and CoMoP,.
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Figure 2 - Electron microscopic RMages of the catalyst KGO-18

It should be noted that the detected structures of AINi2Si, AIMo3, AINi, MoSi2, Al3Ce and CeAlO3
NiSi2 indicate the introduction of metals-active phase components into the zeolite structure with the
formation of new centers that can function as Lewis acid sites [22, 23].

Conclusions. Thus, modified zeolite-containing catalysts for the hydroprocessing of gasoline
fractions Co00O-Mo0Q;-Ce,0;3-P,05-A1,05-ZSM  and NiO-MoO;-Ce,O;  -P,Os-ALO;-ZSM  have been
developed and synthesized, which hydrotreating and hydroisomerization in one step. The developed
catalysts for activity in hydrotreatment processes of gasoline fractions of petroleum exceed the known
industrial catalysts [1, 2]. The catalysts make it possible to obtain low-sulfur gasoline, and also to increase
its octane number.

Source of research funding: The work is carried out in accordance with the scientific and technical
program: No. BR05236739 "Creation of bases for the production of oil and gas products based on
domestic technologies".
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B.T. Tykrun, A.C. Teniz6aesa, H.H. Hypranues, JLb. [llanioBanoBa, B.W. AckeBua
" JI.B. CoxonpckuiaThIH[aFbIKaHAPMAl, KaTai3 KIHE SIEKTPOXUMUS HHCTUTY T, AnvaThl, KazakcTan

MOJIU®HULIMPJIEHT EH Ni(Co)-Mo- Al,O;KATAJIM3ATOPJIAPBIHJIA TYPA AVJAJIFAH BEH3UH
®PAKIIASCHIH THIPON3OMEPJIEY 'KOHE THIPOSHJIEY

AnHoTanusi. JKympicTa KaHa IICOJMMUTKYPaMIbl  alFOMOHHKEIh (xo6ampT) Momubaen, CIKD xone dQochopmen
MoubmupierreH CoO-MoOs- CeyO;3-P,05-Al,05-ZSM (KT'O-18), CoO-MoO;-La,03-P,05-Al,03-ZSM(KI'0-20) xaneCoO-
Mo05-Ce,03-P,05-Al1,05-ZSM-HY (KI'O-16) xatamuzatopnapbHia Typa abifjanrad GeH3uH QpakIsiIapbH THApoTazanay MeH
THIPOU3OMEPIIEYAIH, 3epTTey HoTKelepi KeopceTumeH. [IIMKi3aTThIH KeIeMIKOepLTY KbUIAAMIBEBl MEH KBICHIMBIHBIH
TeMIlepaTypara acepi 3eprrengi. Typa abijanraH OeH3WHAI aFbIMABI KOHJIBIPFBIA JKOFaphl KBICHIMJA KaTaTu3aTOPIBIH
CTaIMOHAPIIBI KaOaThIHBIH TeMIIEPaTypachl 320-4000C, KpIchIMBI 3,0-4.0 Mlla mmKi3aTThIH KeIeMIiK OepiTy KeuraaMabrs! 0,5-
3,0 car’! TUIpoeH/Iey Tporieci xyprizuni.Typa alifanran GeH3UHI TUAPOOHJICTEH e KOFaphl KYKIPTCI3CHIIPY aKTUBTIIIriHE
KI'O-18 xarammsatopsl ueGonapl. Temreparyparsl 400°C keTepreHje cyibITHIKTAFbl KYKipTTiH Kypamsl 0,0080 (BacTarksl
Gemsuu) 0,0015%-ra  JediiH  TeMeHJEI. 400°C-ta  KT'O-3 KaTamm3aTophlHa Typa abjamraH OCH3WH — (PaKI[USICHIH
THIPOSH/IETeHHEH KeiliH TUAPOKaKCcapThUTFaH GeH3MHHIH OKTaH caHbl 79,0 (Gactankbl Gersun) 92.4 (3.9) xane 62.4-ten 77,0
(M.©.) Ochr xarmatina KI'O-18 xaTammsaTophHIa THAPOKAKCapThUIFaH OSH3UH I GacTallKbl MEH CANBICTHIPCaK OKTaH caHbl 78,9-
nax 90,7(3.9) xeHeMoTopIEI aictieH 60,9-naH 71,7-re ockeH.

DIEeKTPOHAB MUKPOCKOIISITHIK, 3epTTeyiep Mmoaupukarmsoienred Ni (Co) -Mo-Al,O; katanm3aTopiapbIHbIH KOFaphl
JICTIEPCTI eKeHIH KopceTTl, OelceH/Il (pa3aHblH MeTall KOMIIOHSHTTepl HeTi3iHeH TOTHIKKAH Kyiae Gobim, GeTiHe KIacTepiTi-
accormarTap Ty3e/l, TUCTIEPCTLIIT ], KYPhUTHIMBI MEH KYHi KaTaTu3aTopIbIH KOMIIOHEHTTEPIHIH TaGHraThl GOMBIHITIA aHBIKTaIa (bl

Tyilin ce3aep: 1IonuT, Typa alijairald OCH3UH, KaTalnu3arop, THIPOSHJIEY.

B.T. Tykrnn, A.C. Tennzoaesa, H.H. Hyprammes, JI.b. Illlanosasnosa, B.H. fAckeBny
AO "HuCTHTYT TOIDHBA, KaTanu3a u anekrpoxumun uM. J[.B. Cokoxbckoro”, Amvarsl, Kazaxcran

NHCCIEAOBAHHUE THAPOOYUCTKHN U TUAPOUIOMEPU3ALIUN MPAMOIOHHOM
BEH3MHOBOU ®PAKIIMHA HA MOJJU®HUITUPOBAHHBIX Ni(Co)-Mo- Al,O;- KATAJIN3ATOPAX

AnnHotamust. B paboTe mpmBEACHBI PE3yJNBTATHI HCCICAOBAHWH THAPOOUHCTKH H THIPOM3OMCEPH3ALIH
MPAMOTOHHON OCH3MHOBOH (Ppakmum HA HOBBIX MCOJHTCOACPKAMIMX ATFOMOHHKCITH (KOOATbT) MOIHOICHOBBIX
Karajmsaropax, momu(puumpoBaHHbx (pochopom u P33: CoO-MoOs;- Ce,03-P,05-Al,03-ZSM (KT'O-18) uNiO-
MoOs;- Ce,03-P,05-Al1,03-ZSM (KT'O-3). MccnenoBaHo BIHAHHC TCMICPATYPBI, JABJICHUA H OOBEMHOH CKOPOCTH
TOJa4H CHIpbA. MccrenoBaHHe MPOLECCOB THAPOIECPEPAOOTKUIPSIMOTOHHOTO OCH3MHA IPOBOAMIOCHB IPOTOMHOH
VCTAHOBKE BBICOKOTO JABICHHA CO CTAIMOHAPHBIM CIOEM KATAJHM3aToOpa MpH TeMmmepaTtypax 320-400°C, nasmeHnm
3.0 -4,0 MITa u 00BEMHOM CKOPOCTH mOAaYH CHIPbA 0,5- 3,00,

[Ipu ruapomnepepabOTKE MPAMOTOHHOTO OCH3MHA BHICOKOH THAPOOOECCEPHBAIOIICH AKTHBHOCTHIO 00mamact
rarammarop K['O-18. Coxmepokanme cepsl B Karaausare ¢ poctoM temmeparypst 1o 400°C cumsumocs ¢ 0,0080
(mcxomnsrit OcH3mH) 10 0,0015% Ilocme ruapomepepabOTKH NPSIMOTOHHOW OCH3HHOBOH (DpaKIHH HA KATAIH3aTOPC
KI'O-3 mpu 400°C 0KTaHOBOE YHCIIO THAPOOOIATOPOKCHHOTO OCH3HHA pacTeT oT 79,0 (MCXOmHbIH OCH3HH) 10 92.4
M) u or 624 mo 770 MM)B o>tmx ycnoBmax Ha kKatammsatope KIO-18 oxranoBoe HHCIO
THIPOOOIATOPAKCHHOTO OCH3WHA MOBBIIACTCA IO CPABHCHHIO ¢ HCXOTHBIM OT 78.9 mo 90,7 (MM) 1 mo MOTOpHOMY
MeToay ot 60,9 o 71,7.

DICKTPOHHO-MHKPOCKOMHYICCKAC HMCCACAOBAHHA moKa3zam 4ro  MomudumupoBanasie  Ni(Co)-Mo-AlLO;
KaTaanu3aTopsl SABILIFOTCS BBICOKOAUCIICPCHBIMH, KOMITOHCHTBI MCTAJIIIOB AKTHBHOM (1)33])1 HAXOOATCA
MPEUMYIIECTBEHHO B OKHCJICHHOM COCTOSHHH, 00pa3ysl Ha IOBEPXHOCTH KIACTEPHI-ACCOIHUATHI, TUCIICPCHOCTS,
CTPYKTYpa U COCTOSHIE KOTOPBIX ONMPEACILICTCS MPHUPOA0H KOMIIOHEHTOB KAaTAIN3aTopa.
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