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KAOLINITE MODIFIED BY ALUMINUM IN THE CRACKING
OF VACUUM GASOIL AND IT’S MIXTURE WITH FUEL OIL

Abstaract. The data of the cracking of vacuum gas oil (VG) and a mixture of VG with fuel oil (M-100) on
HLaY zeolite catalyst based on acid-activated kaolinite of the Pavlodar deposit modified by aluminum are presented.
The synthesis of the kaolinite matrix and the HLaY zeolite catalyst with its use, the physicochemical and acid
characteristics of the catalyst and its constituent components, and the fractional and hydrocarbon compositions of
vacuum gas oil are described. High mesoporosity of the H-form of the used kaolinite (86.2%), modified by
aluminum of the H-form (84.1) and the HLaY catalyst (80.1%), which provide the activity of the sample in cracking
of the mixture with a yield of 32.6% gasoline and 25.9% light gas oil (LG) at 450°C and in cracking of VG a yield of
38.2% gasoline and 29.4% LG at 500°C. The gasolines of cracking of LG contain an increased content of iso
paraffins (up to 20.2%) and a low content of aromatic hydrocarbons (24.1%), which makes the catalyst attractive for
cracking a mixture of VG with fuel oil.

Key words: catalytic cracking, kaolinite, vacuum gas oil, fuel oil, zeolite, modification.

Introduction

Recently it is known that the main direction in the development of the oil refining industry is an
increase in the production of motor fuels due to the involvement of heavy oil residues in the technology |1-
3|. Fuel oil, which consists of about 50% of oil, is the main reserve for in-depth processing of oil raw
materials. For the practical implementation of the process, it is interest to prepare catalysts using natural
mineral raw materials — kaolinite and montmorillonite clays |1-7| and industrial waste - energy evils for
example |2, 8|.

Among the many natural clays, leading foreign companies in the preparation of microspherical
industrial cracking catalysts widely use kaolin |4-7, 9|, while in Russian catalysts, natural montmorillonite
is preferred | 10 |.

Kaolinites belong to the class of layered silicates |4, 5,11,12| with continuous layers of silicon-
oxygen tetrahedrons: 1 layer of octahedra and 1 layer of tetrahedrons. The bags are firmly adjacent to each
other, as a result of which water molecules and metal cations cannot enter the interpackage space of
minerals. Kaolinite is a hard aluminosilicate. It does not swell in a mixture with water, has a low cationic
capacity. There are no noticeable isomorphic substitutions of aluminum with atoms of other metals.
Changes in the structural and other physicochemical characteristics of kaolinites in catalytic and
adsorption processes can be achieved by acid and alkaline activation of clays |12-15|.

An important property of kaolinite clay catalysts is their ability to remain active in the presence of
heavy metals |16], which is of considerable interest for cracking of residual crude oil. Large reserves of
kaolinites in Kazakhstan |17| determine the attention to the study of the adsorption and catalytic properties
of modified kaolinites.

Previously |[18-19] we studied the activity of HCeY - zeolite catalysts on aluminum-modified
kaolinites of the Ermakov and Sarymsak deposits in cracking of heavy vacuum gas oil and adsorption
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water purification from heavy metal cations on sorbents based on these clays [20-21|. It has been shown
that cracking activity and adsorption capacity in water treatment depend on the chemical composition of
the initial kaolinites. The catalyst based on Ermakov kaolinite showed great activity in the cracking. And
an adsorbent based on the Sarymsak kaolinite — in the water treatment,.

The aim of the work was synthesis of matrix based on aluminum modified Pavlodar kaolinite, HLaY
zeolite, the preparation of HLaY zeolite-containing catalyst and the determination of the activity of the
synthesized catalyst in cracking of vacuum gas oil and its mixture with fuel oil.

Experimental part

For preparation of the catalyst, the kaolinite clay of the Pavlodar deposit RK was subjected to
grinding and “elutriation”. Clay was activated by acid with a 20% sulfuric acid solution according to the
standard procedure for 6 hours in a boiling water bath. After activation, the clay was washed from SO4*
ions, sequentially dried at room temperature (day), at 150°C (2 hours) and calcined for 2 hours at 500°C.
Subsequent modification of kaolinite by aluminum was carried out by slow introduction of synthesized
according to the method |19| hydroxocomplex with concentration of aluminum of 2.5 mmol A" / g
kaolinite. Calcination at 500 ° C is accompanied by the decomposition of the hydroxocomplex to alumina.
The matrix of the prepared catalyst is designated as Al (2.5) HPK.

For preparation of the catalyst we used HY zeolite in the rare earth form — HLaY, which was
obtained from NaY zeolite by ion exchange with NH4Cl followed by the exchange of NHs ion to
lanthanum. The content of HLaY zeolite in the catalyst is 15%. The elemental composition of the catalyst
samples and their components was determined by X-ray fluorescence analysis on a “Niton XRF
Analyzers” instrument manufactured by “Thermo Scientific” and using X-ray fluorescence spectroscopy
in an energy dispersive microanalysis system “INCA-ENERGY 450” mounted on a JSM6610LV JEOL
scanning electron microscope, Japan. The average value of three measurements was used.

The catalysts were characterized by BET, X-ray phase analysis performed on a DRON 4 * 0.7 device
with CuKa radiation, and TPD (temperature-programmed desorption) of ammonia.

The activity of the synthesized catalysts in cracking was determined with using of vacuum gas oil of
Pavlodar Petrochemical Plant (PPCP) with e.b. 532°C and mixture of vacuum gas oil (70%) with fuel oil
(30%).

The products of cracking and raw feed were analyzed chromatographically. For analysis of gasoline
and the gas phase of cracking, Chromos GH-100 chromatograph with a 100 m capillary column with a
stationary phase HP-1 (ASTM D 6729-04) was used. The carrier gas is helium. The analysis of vacuum
gas oil components was carried out on an Auto System XL SIMIDS chromatograph with a Perkin Elmer
SIMIDS -100% column (polymethylsiloxane), 30 m long with a helium flow of 40 cm®/ min (ASTM
D2887).

Results and discussions
Fractional and hydrocarbon composition of VG are presented in tables 1 and 2, and the chromatogram
of the initial VG in figure 1.

Table 1 - the Fractional composition of the VG PPCP

The percentage of Distillation temperature by The percentage of Distillation temperature by weight,
distillate, % weight, °C distillate, % °C
5 258 55 407.5
10 290.1 60 415.7
15 312.0 65 422.9
20 323.1 70 430.7
25 338.6 75 440.1
30 383.6 80 450.1
35 365.7 85 461.6
40 3774 90 474.7
45 388.4 95 498.2
50 398.5 100 532.0
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Table 2 - Hydrocarbon Composition of the VG PPCP

Kiacc yrineBomopoios Content, % weight.
Paraffin hydrocarbons 66.2
Isoparaffin hydrocarbons 13.2
Aromatic HC 6.0
Olefins 0.4
Naphthenes 34
Oxygen containing compounds 2.9
Unidentified compounds 7.9
Total 100

FID2 B, (19AC1-3\FID00012.D)
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Figure 1 - Chromatogram of PPCP vacuum gas oil with e.b. 532°C

According to the data of X-ray fluorescence spectroscopy, the composition of the used fuel oil M-100
PPCP includes 2.5% sulfur, 0.07% vanadium and 0.02% nickel.

The chemical composition of the used Pavlodar kaolinite PK, its H-form (HPK), aluminum modified
Al (2.5) HPK and HLaY zeolite catalyst are shown in table 3.

Table 3 - The chemical composition of K, HK, Al (2.5)HPK and HLaY-zeolite catalyst

Content, weight %
Sample NaO MgO AO3 K>O SiO2 CaO TiO2 | FexOs | Lax0Os
K 0.18 0.08 34.86 0.1 59.52 0.15 1.25 3.83 -
HK 0.03 0.03 32.81 0.08 63.11 0 1.38 2.57 -
Al(2.5HPK 0.12 0.12 35.00 0.14 59.8 0.14 1.2 4.5 -
Al(2.5HPK +HLaY 0.10 0.10 359 0.08 57.67 0.11 0.85 3.44 1.70

An analysis of the data in the table shows that acid activation leads to a decrease of the Al,Os3 content
(by =3%), which was compensated by the introduction of an aluminum hydroxocomplex. The initial
kaolinite contains a small amount of 0.18% Na,O and its amount decreases during the processing of the
catalyst. The iron content in the initial sample is 3.83%, in the aluminum-modified sample - 4.50% and in
the HLaY zeolite-containing catalyst - 3.44%. The amount of La;O; in the catalyst is 1.7%.

The textural characteristics of Al(2.5)HPK matrix and Al(2.5)HPK + HLaY samples are illustrated in
table 4.

Table 4 - Characterization of aluminum-modified kaolinite sample and HLaY-catalyst by BET

Catalyst Sss, m?/g Total volume of R, nm Relative content, %
pores,sm*/g Micropores <2 nm Mesopores 2-8 nm
Al(2.5)HPK 28.8 0.09 2.0-8.0 16.0 84.0
Al(2.5HPK+H 131.8 0.15 2.0-8.0 19.9 80.1
LaY

— 109 ——



News of the Academy of sciences of the Republic of Kazakhstan

When the H-form of Pavlodar kaolinite is modified by aluminum, the specific surface increases from
28.8 mz/g to 131.8 and the number of mesopores, on the contrary, decreases to 80.1%.

X-ray diffraction diffractograms of the HK matrix and HLaY zeolite catalyst on aluminum-modified
kaolinite are shown in figure 2. Reflex 2.02 is assigned to the lanthanum present on the surface.

o
"

Figure 2 - The diffractograms of HPK (a) u Al(2.5)HPK +HLaY (b)
The activity of aluminosilicate contacts in cracking, as it is known, it is primarily associated with their
acidity. The acid characteristics of the initial, acid-activated and aluminum-modified kaolinite, as well as

the HLaY catalyst based on it are shown in table 5.

Table 5 - Acid characteristics of kaolinites of the studied samples

Sample Content of a.c. Weak a.c. Medium a.c. Strong a.c. Total acidity
<200°C 200-300°C >350°C
NK % 47.8 45.2 7.0 100
mcmole NHs/g 20.9 19.8 3.0 43.8
HPK % 389 387 22.3 100
mcmole NHs/g 45.1 44.9 10.0 115.9
Al(2.5)HPK % 243 51.7 24.0 100
mcmole NHi/g 29.2 62.0 28.8 120.0
% 23.0 47 30.0 100
Al(2.5)HPK+
HLaY mcmole NHs/g 30.2 61.7 39.4 131.3

The lowest acidity (43.8 mcmole/g) and the number of strong acid centers (a.c.) - 7% is the difference
between the initial PK sample. Activation by acid and modification with aluminum lead to an increase of
the total acidity and the number of strong a.c. The highest acidity (131.3 mcmole/g) and the number of
strong a.c. -30% Al(2.5)HPK + HLaY

Data on the activity of the catalyst AI(2.5)HPK + HLaY in the cracking of VG and its mixture with
fuel oil are shown in table 6.

Table 6 - Cracking VG and mixtures of VG with fuel oil on Al(2.5)HPK+HLaY

The yield of cracking products, % weight VG VG+ Fuel oil
450°C 500°C 550°C 450°C 500°C
Gas 4.0 9.4 11.2 7.5 10.0
Gasoline 22.1 38.2 18.5 32.6 24.3
Coke 7.1 8.0 8.1 10.4 9.1
Light gas oil 40.0 29.4 25.0 25.9 23.2
Heavy gas oil 24.8 27.8 37.2 21.3 30.9
Losses 2.0 2.2 2.1 2.3 2.5
Conversion 73.2 85.0 62.8 73.4 64.6
Sum of light products 62.1 67.6 43.5 58.6 46.5
Octane number 85 85 85 85 85
Total 100 100 100 100 100
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In VG cracking on a synthesized catalyst (table 6), the optimum temperature is 500°C. At this
temperature, the yield of gasoline was 38.2%, the amount of light gas oil - 29.4%, the yield of light
products - 67.6% and the conversion of raw materials - 85%. The decrease of the cracking temperature to
450°C and increasing to 550°C leads to a decrease in gasoline yields. In the cracking of a mixture of VG
with fuel oil, the best results were obtained at 450°C: gasoline yield - 32.6%, light gas oil - 25.9%, the
amount of light products - 58.6%. The gasoline yield during cracking of a mixture of VG with fuel oil is
lower at 500°C, and at 450 ° C higher compared with VG cracking. When the mixture is cracked, coke
formation is more intense than in the VG cracking: 10.4% at 450°C. The rather high activity of the
synthesized catalyst is probably determined by the high content of strong acid centers and increased
mesoporosity of catalyst.

The hydrocarbon compositions of the gasoline cracking gasoline and a mixture of gasoline with fuel
oil are shown in table 7.

Table 7 - The hydrocarbon composition of VG cracking gasoline
and a mixture of VG + fuel oil on aluminum-modified kaolinite

Catalyst Raw T°,C Paraffins Iso Aromatic Naph Ole >
paraffins PC thenes finns
Al(2.5)HPK+HLaY | VG 450 6.9 229 2,3 15.0 329 100
VG 500 5.7 20.4 2.5 14.4 349 100
VG+Fuel oil 450 7.1 19.9 20.8 18.1 34.1 100
VG+Fuel oil 500 6.0 20.2 23.0 18.3 32.5 100

In the composition of cracking gasolines the attention is drawn to the low content of aromatic
hydrocarbons, which even in the cracking of a mixture of vacuum gas oil and fuel oil does not exceed 23%
at 500°C with the benzene content (1.3 and 1.5% wt). The gasoline obtained on the HLaY catalyst based
on aluminum-modified kaolinite in the cracking of VG and a mixture of VG with fuel oil, can be
recommended for practical use in reducing of the amount of olefins in gasoline by hydro processing.

The hydrocarbon composition of the VG cracking gases and the mixture of VG with fuel oil on the
sample are illustrated in table 8.

Table 8 - Hydrocarbon composition of gases of VG cracking and mixtures thereof with fuel oil on Al (2.5) HPK + HLaY

Hydrocarbons VG VG+Fuel oil
500°C 450°C 450°C 500°C

Methane 14.0 18.9 19.5 21.2
Ethane 10.3 12.7 13.0 14.1
Ethylene 15.0 13.7 19.5 19.1
Propane 9.8 9.0 4.5 6.4
Propylene 22.7 20.1 13.3 19.6
Iso butane 4.3 33 2.3 3.0
Butane 1.2 0.8 0.8 1.4
Butylene 12.5 10.8 3.2 7.8
>'Cs+Cs+ 7.4 23.9 10.7 10.2
> C»-C; alkenes 37.7 33.8 32.8 38.7
> C2-C4 alkenes 50.2 44.6 36.0 46.5

The compositions of the gaseous phase in the cracking of VG gases and the mixture of VG with fuel
oil gases on an aluminum-modified kaolinite sample are quite close. VG cracking takes place with the
release of significant quantities of dry gas (methane + ethane). At 450 and 500°C these values are 24.3 and
31.6%. The yield of C, - Cs4 alkenes at these temperatures is 50.2 and 44.6%. the most yield of propylene -
22.7% and butylene - 12.5% is formed during of the cracking of VG. When cracking of mixture of fuel oil
with VG, less formation of propylene and butylenes was noted. The total amount of C,-C4 alkenes in VG
cracking is 36.0 and 46.5% at 450 and 500°C. In the composition of the cracking gases of the mixture of
VG with fuel oil the content of dry gas 32.5 and 35.3% at 450 and 500 ° C and a significant (up to 46.5%)
amount of C,-C4 alkenes is more than in the case of VG cracking.
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Conclusion

The results of a study of the cracking of a mixture of VG with fuel oil and VG showed that the HLaY
zeolite-containing catalyst based on aluminum-modified acid-activated Pavlodar kaolinite shows a rather
high activity in the formation of light oil products of 32.6% gasoline and 25.9% LG at 450°C with a raw
conversion of 73.4%. The more active (38.2% gasoline and 29.4% LG) catalyst is in VG cracking. A
distinctive feature of cracking gasolines on an HLaY catalyst modified with aluminum kaolinite is an
increased content of isoparaffins (22.9% in cracking of VG at 450°C and 20.2% in cracking of a mixture
of fuel oil with VG at 500°C) and a reduced amount of aromatic hydrocarbons not exceeding 2.5% in
cracking of VG and 23.0% - in the cracking of a mixture of VG with fuel oil. The content of benzene is
1.3 - 1.5% wt. for every kind of raw. The increased content of olefinic hydrocarbons in the gasoline
(32.5 — 34.9%) indicates the need for practical use of hydrotreating of the resulting gasoline.

An assumption was made about the effect of acidity and the mesoporous structure of the synthesized
catalyst on the efficiency of work in the fuel direction to produce gasoline and light gas oil.
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BAKYYM/IbIK I'A30MJIb ’KOHE OHbIH MA3YTIIEH KOCIHTACBIHBIH
KPEKUHI'THAET'T AMIOMUHUUMEH TYPJEPHAIPIJI'EH KAOJIMHUT

AHHOTAUMSA. AJTIOMUHUMEH TYPJICHAIPUTII, KBIIIKBULIBIK Oencernaipiiared [1aBinonap keH OpHBIHBIH KAOJUHHTI
Herizinmeri HLaY-1mieonuTTi Karanu3aTtopeiHAarbl BakyymiablK rasoiib (BI) sxome BIT masyrnen (M-100)
KOCITIaHBIHBIH KPEKHHI1 OoiibiHIIAa Manimertep Kenripiired. Kipicne OeunimiHIe KaOMUHUTTI ca3-OajlbIKTap
naliJanaHbplIFaH KaTaJlu3aTopiapAarkl KpEeKUHITIH epeKuIenikTepi aiTeurad. Ca3-0aImbIKThl KbIIIKBUIABI OHICYACH
oTKi3in, apTeiHaH SO4-MOHJApBbIHAH JKBUIBICTATATHIH KAOJMHUTTI MAaTPUIAHBIH CHUHTE31, CUPEK KE3/IeCETiH apaiac
tdopmanarsl HY-neonutinin sxone HLaY-meonnTri KaTaiau3aTopiapblHBIH CHHTE3Aepi cumartanradH. lleomut
Kypamsl 15%mac kypansl. Karanuzatopinap MeH OHbI Kypaymibl komrnoHeHTTepi BOT, peHTrenasansik aHanm3 xoHe
aMMHAKTHIH TepMOOaFaapIaMallblK AeCOPOIUACH QMICTepi apKbUIBI CHITATTalFaH. YJTUIEPIiH AJIEMEHTTIK KYpaMbl
AHBIKTAIIBL. XPOMAaTOTpaUsUTBIK SJICTICH aHBIKTAFaH BaKyyMBIK Ta30MIbIBIH (PaKIUSIIBIK KOHE KOMIPCYTEKTIiK
KYpambl, KPEKUHT O€H3WHI MeH ra3 (pa3achlHbIH KOMIPCYTEKTIK KYpaMbl KENTipiIreH.

KBIIKBUIABIK OHAEY Ke3iHferi allOMMHHHA OKCHII KypaMbIHBIH TeMeHzeyi 2.5Mmons Al"r/kaonuuur
KOHIICHTPJII aJTFOMHUHUN THAPOKOMIUICKCIH SHTI3iI, Kbi3apipranaa Al,Os JeiiiH bIabpIpay apKbLIbl OPHBIHA KEITIPLUII.

AmomunuiiMen typaengipuiren H-dopmansl kaonauuutTiH MeHuikti OeriniH Memmepi HLaY neomurin
enrisrenie 28.8 -nen 131.8 m*/r peitin ynkeiieni. Kaomunut xonpansuiran H-opma (86.2%), amoMuHuiiMEH
typreraipiiren H-popma (84.1%) >xone HLaY-karamuzatop (80.1%) >Korapbl ME30KEYEKTUIIK KOPCETTi, IamMachl
COJI NIMKI3aTThI OEJICEHAIPINT MEH KaTaln3aTOpAbIH OEJICEHIUIIrH apTThIPaThlH CUSKTHI.

BI' men masyt kocnaceiubiH kpexunrinae 450°C kesinge 6enzun mbrbiMbl (32.6%) BT kpekunrinen kebipek
(22.1%) mwrans, an 500°C xesinme BI' kpekuHringe G€H3WH INBIFBIMBIHBIH HOTHXKECI sKOFaphl (38.2%) GomapL.
XKenin razois BIT kpexunringe e xorapsl HoTmke (450°C kesinme 40.0%) xkopcereni. 450 xone 500°C kesinnge Bl
KpEeKUHTiHIH TycTi eHiMzaepi (62.0 xone 67.6%) KocmamaH Kaparaunma (58.5 xome 47 5%) sxorapel 6omgsl. BI'
KpEKHMHTIHIe IMUKI3aTThIH €H YJIKEH KOHBEPCHUSCHI Oaiikaiaibl.

KaonmHUTTI KBIIIKEUIMEH OHIIEY, aTIOMUHUIMEH TYpieHAipy koHe HLaY meonuTTi eHri3y >Kaimbl KbIIIKbIIIBIK
MEeH KYILTI jKOHE OpTa KbIIIKBUIIBIFBIHBIH apTybiHa okeneni, Al(2.5)HITK+HLaY karamuzaTtopsl yiIiH coiikeciHiine
131.3 mxmoans NH3/r, 30 sxone 47%.

BI' men BI' masyTtmeH Kocmachl KpPEKUHTIHIH OeH3uHAepi u3o0-napaduHIep KYPaMbIHBIH >KOFapbLIaybIMECH
epexmeneneni (BI' ymin 450°C kesinge 22.9% sxome xocma ymin 500°C kesinge 20.2%). 450°C xesingeri BI'
OCH3MHIHIH apoMarThl KeMipcyTekTep Kypambl 2.3-2.5%, anm kocmama 20.8% ©Oonapl. KaonmHHTKYpams!
katanu3artopeiHnarsl BIT men BIT masyTrel KocmachiHbIH KpekuHr Oemsuuzaepi 1.3-1.5% acnaiTeiH OeHzomn
KYpaMbIHBIH a3 OOJybIMEH J>KOHE KaHBIKIIAFaH KeMIpCYTeKTEepHiH Ker OoiybIMeH epekmieneHeni. KpekuHr
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OeH3MHIHIH KypambIHIarbl n3o-napaduumep KypambiHbiH (20.2% paeiliH) apTybl jkKOHE apoMaTThl KOMIpCyTEKTep
KypambIHbIH (24.1%) Temenzaeyi BI' Ma3yTieH KoCachlHbIH KPEKHUHT1 YIIIiH KaTaln3aToPAbl TAPTHIM/IbI €TE/II.
KBIIKBUIIBIK TIEH ME30KEYeKTi KYPBUIBIMHBIH BEH3WH MEH JKCHIT ra30ijb ajblHATBIH OTBIHIBIK OarbIT
OolibIHINA )KYMBICTap THIMALTITIHE 9CepPi TYpaJibl YCBIHBICTAP AN THIIIBI.
Tyiiin ce3nep: KaTtaau3/iK KPEKHUHT, KAOIHHUT, BaKyyMJIbIK T'a30i1b, Ma3yT, ICOJHUT, TYPIACHIIPY.
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MOJIUPULIUPOBAHHbINA AJIIOMUHUEM KAOJUHUT
B KPEKUHI'E BAKYYMHOI'O I'A30MJISI U ETO CMECH C MA3YTOM

Annotanus. [IpuBeneHs! 1aHHbBIE IO KPEKUHTY BakyyMHoro razoiis (BI') u cmecu BI' ¢ mazyrom (M-100) Ha
HLaY-neonuTHOM KaTaiaM3aTope Ha OCHOBE MOAM(HIMPOBAHHOTO AIIOMHHHEM KHCIOTHO-aKTHBHPOBAHHOTO
kaonuHUTa [laBnomapckoro mecropokaeHus. B pasnmene «BBeneHuwe» OTMeEUeHBI OCOOCHHOCTH KPEKHWHTa Ha
KaTallM3aTopax ¢ MCIOJIb30BAHMEM KAOJMHUTOBBIX TJIMH. ONMCAaHBl CHHTE3 KAOJIMHUTOBOM MaTpPUIIBI, BKITIOYAIOIINI
KHCJIOTHYIO O0pabOTKy TJHHBI C MOCIexyroImuM oTMmbiBaHHeM OT SO4-moHOB, HY -TieommTa B 3aMemieHHOM
penkozemenbHOi  Gopme u HLaY-neonutHoro xarammsatopa. Copexanue mneoiura cocraBisuio 15%mac.
Katanuszatopsl M COCTaBIAIOIIME €r0 KOMIIOHEHEHTBHI OXapakTepu3oBaHbl Metomamu BOT, penTtreHodaszoBoro
aHaJIM3a ¥ TePMOIIPOTPaMMHPOBAHHON AecopOrun aMmmuaka. OmpeenieH 31eMeHTHBIN cocTaB 00pasnos. [IpuBenex
(hpaKIMOHHBIN U YIJIEBOJOPOIHBINA COCTaBBI BAKYYMHOTO Ta30MJisl, YIJIEBOIPOIHBIC COCTABbI OCH3MHOB KPEKHUHTA U
ra3oBoii (a3, onpeneneHHbIe. XpOMAaTOrpahUISCKUM METOIOM.

VYMeHbllIeHue COACPIKaHUA OKCHJa aJIIOMUHHUA MpH KHUCJIOTHOM AKTHUBAIlUM KOMIICHCUPOBAJIU BBCACHUCM
THIPOKCOKOMIUIEKCA ATFOMUHUS C KOHLETpauuei 2.5MMonb AT KaonMHUTA ¢ MOCHEAYIOIMM Pa3okKEHUM JI0
Al>,O3 mpy mpoKaJIMBaHuM.

BenmunHa yzenpHON MOBEPXHOCTH MOAMDUIIMPOBAHHON amoMuHHeM H- (OpMBI KaodMHWTA IPU BBEICHUUHN
neomura HLaY ysenmumBaerca ot 28.8 go 131.8 m?/r. IlokazaHa BBICOKAas ME30IOPUCTOCTh H-(opMbr
UCTIONIB30BaHHOTO  KaoiuHHTA (86.2%), MomudummpoBanHoii amomuuaneM H-dopmer  (84.1%), wu HLaY-
karanuzaropa (80.1%), KoTopas, mo-BHIUMOMY, BIHAET Ha aKTUBAIIMIO CHIPHSI K aKTHBHOCTH KaTaJIN3aTopa.

IMoxaszano, uro mpu 450°C B kpexmnre cmecn BI' ¢ masyrom Beixon Gemsuna (32.6%) Gosbine, 9eM IIpu
kpekunre Bl (22.1%), a mpu 500°C nydmme pesynbratsl mo Bexony Gensuna (38.2%) momyuens mus BI. Bonsmre
BCero Jierkoro rasoins (40.0% npu 450°C) obpasyercs npu kpekunre BI. Boixon cemnibix mpomaykTos mpu 450 u
500°C ms B (62.0 u 67.6%) npeBblaeT 3TOT nokasaressb st cMecH (58.5 u 47 5%). B kpexunre BI' otmeuena u
camasi Oonbimas (85%) KOHBEpCHUS CHIPBSL..

AKTUBHPOBaHNE KaOJIMHHUTA KUCIOTOH, MOA(UIIMPOBaHNE alFOMUHUEM U BBeleHue neonura HLaY npusomst
K pocTy OOIIeil KHCIOTHOCTH M YBEIMYCHHUIO YHCIAa CHJIBHBIX W CPEIHHMX KHCIOTHBIX IEHTPOB, KOTOpPBIE IS
katanuzaropa Al(2.5)HITIK+HLaY cocrasmstor 131.3 mxmons NH3/r, 30 u 47%, cOOTBETCTBEHHO.

Bensunwr kpekunra BI' u cmecu BI' ¢ MazyToM OT/IHYarOTCS MOBHIIIEHHBIM COAEPKaHUEM H30-TIapa(puHOB
(22.9% mnpu 450°C mms BT m 20.2% mpu 500°C mns cmecu).. ConepikaHue apoOMaTHYECKUX YIIEBOAOPOIOB B
Gensune u3 BI 2.3-2.5% u 20.8% u3 cmecu nipu 450°C. Bensuunl kpekunra BT u cmecu BIC ¢ MasyToM, mosrydeHHbIe
Ha KaOJIHMHHUT-COJEPIKAIIEM KaTalu3aTope, OTIMYAIOTCS MajbIM COJAEpKaHHEeM OcH3oisla, HE ImpeBblmaromem 1.3-
1.5%, v BBICOKHM COJIepXKaHWEM HEIPEAeNbHBIX YTICBOAOPOAOB. JTO, MO-BUANMOMY, OTPEAETIsIeT HEOOXOUMOCTh
JOIOJIHUTEIbHON T'MAPOOYHUCTKH OCH3MHOB, IOJIyYaeMbIX Ha MOIU(DUIMPOBAHHBIX aJIOMHHHEM KaOJMHUT-
COJIepIKaIUX KaTalu3aTopax, IpU MPaKTUUYECKOM HMCIONb30BaHuK. [loBbIIeHHOE conepikaHue M30-napaduHoB (10
20.2%) ¥ TIOHIKEHHOE COJIEp)KaHHE AapoOMaTHUeCKUX YIJIeBOAoponoB (24.1%) JnenaroT Karamu3aTop
IIPUBJIEKATEIbHBIM JUIsl KpeKuHra cmecu Bl ¢ mazyTom

BbickazaHO IpeANoNoKeHHEe O BIMSHUHM KHCIOTHOCTH M ME3OIOPHCTOH CTPYKTYPBI CHHTE3MPOBAHHOTO
KaTanu3aropa Ha 3QeKTUBHOCTH pabOTHI 10 TOIFIMBHOMY HAIIPaBJIEHHIO C IOJyYeHHUEM OEH3MHA U JIETKOTO T'a30iist

KiroueBble cj10Ba: KaTalUTUYECKUHM KPEKUHI, KAOJUHUT, BAaKyyMHBIM ra3oiliib, MazyT, LIEOJMUT,
MOIU(UIPOBAHUE.
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