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INVESTIGATION OF THE PROCESS OF APPLICATION
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Abstract. In this work, studies are carried out the process of applying active phases
of nickel and molybdenum compounds to thermoregenerated CaA zeolite and heat treat-
ment of catalytic systems based on it.
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Introduction. It is known that the depth of hydroconversion of the compo-
nents of the feedstock, the quality and quantity of the target oil depends on the
hydrogenating and isomerizing properties of the catalyst used: the more active the
contact in these reactions, the deeper the hydroconversion of the raw materials in
the low boiling distillates, the higher the quality and the greater the yield of the
desired product. The catalysts containing noble metals (Pt, Pd, etc.) possess high
hydrogenating and isomerizing properties.But because they have low hydro-
genating and isomerizing activity, they are unacceptable for hydroprocessing
residual petroleum products containing contact poisons, and the desired results
can not be obtained on industrial Al-Ni (Co)-Mo catalysts. At the same time, the
catalyst containing a nickel on hydrogenating activity can compete with catalysts
based on platinum and palladium, but it is also committed to poisoning with sul-
fur and nitrogen containing compounds. The use of nickel in combination with
molybdenum in the form of nickel molybdate allows the preparation of a catalyst
having simultaneously high hydrogenating, isomerizing and cleaving properties.
Treatment of the catalyst with sulfur or hydrogen sulphide increases its polyfunc-
tionality in acid catalysis [1, 2].

It has been established that nickel - molybdenum catalysts on various refrac-
tory acid carriers exhibit higher activity and stability in oxidation - reduction and
acid - base catalysis in the case of exclusion or reduction of the formation of
catalytically inactive nickel aluminate by spinel structure.

EXPERIMENTAL PART

To study the processes occurring at the stage of applying active phases to the
thermo regenerated and regenerated zeolite and heat treatment of catalytic sys-
tems, the following samples were prepared:
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Sample 1 (CM). It is prepared by applying the calculated amount of molyb-
denum salt in the form of an aqueous solution to the thermo regenerated and
activated zeolite CaA. After drying in the open air, the sample was subjected to
thermal analysis.

Sample 2 (CMN). The air-dry catalyst was obtained by applying the calcu-
lated amount of nickel salt in the form of an aqueous solution to a CM sample
pre-calcined at 550 °C.

Sample 3 (CN). It is prepared by applying an aqueous solution of a nickel salt
to a thermoregenerated zeolite, then the order of the sequence and sequence are
the same as for the treatment of a CM sample.

Sample 4 (CNM). It is prepared by calcination of the sample of the CN at
550 °C, followed by applying the calculated amount of the molybdenum salt in
the form of an aqueous solution. An air-dry system was subjected to thermal
analysis.

RESULTS AND DISCUSSION

On the thermogram of the spent zeolite, an "endothermic” effect at 200 °C
with an inflection point at 280 °C, corresponding to the removal of physically
adsorbed water is clearly visible. And the stepwise removal of chemisorbed water,
localized in various cavities, for CaA type zeolites proceeds most intensively, in
the range from 350 to 450 °C. In addition, an “exothermic™ effect was observed,
due to the removal of organic deposits from the pores of zeolite CaA.

The thermogram of the spent zeolite shows that the intense exothermic effect
at 360 °C, from the burnout of organic compounds, overlaps the weaker endother-
mic effects from the dehydration of the zeolite. The presence of these effects
indicates the preservation of the specific crystal structure of the zeolite and its
ability to reverse water adsorption. The preservation of crystalline structures was
proved by the RFA diffraction method, X-ray diffraction and the weighting me-
thod for "adsorption-desorption” of water. The effects on the thermograms of
catalyst samples with supported transition metal ions were found to be related.The
following effects were observed on the thermogram (figure 1b) of crystalline
nickel nitrate: a narrow peak at 65 °C, two more intense broad peaks at 190 and
320 °C, and a small "endoeffect" is observed at 255 °C.

On the thermogram of nickel nitrate deposited on a thermoregenerated
zeolite (figure 2b of a sample of CNM) and dried at 20-25 °C, t = 24-26 hours, a
very wide low-intensity endoeffect with a maximum at 150 °C is observed, ac-
companied by a slight loss of mass on the curve TG, due to the removal of resi-
dues of physically adsorbed water. There is no specific narrow endoeffect from
the thermal decomposition of crystalline nickel nitrate, the position of higher
temperature peaks also does not correspond to the initial substance, all this indi-
cates the occurrence of deep chemical transformations already at the stage of
impregnation. Taking into account the strongly alkaline environment during the
application of nickel nitrate due to the release of compensating calcium ions into
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Figure 1 — Thermogram of nickel and molybdenum compounds:
a) ammonium para-molybdate; b) nickel nitrate; c) nickel hydroxide

the solution, it is possible to assume the formation of the Ni (OH) , hydrogel,
which is characterized by two little intense broad peaks of the endoeffect at 150
and 470 °C, in addition to the powerful endo-effect, temperature 330 °C, the main
weight loss of the sample is observed (figure 1c).

Comparison of the thermogram of the CMN sample with the thermograms
Ni(OH), and Ni (NOg), - 6H,0 allows us to consider this DTA as a superposition
of the stepwise thermal decomposition of the most probable products of basic
hydrolysis, namely, hydroxy complexes of nickel nitrate, its basic salts and hydro-
xides. Apparently, DTA of the investigated sample of CMN is closest to DTA
Ni(OH),, where there are strongly broadened effects at 150 and 290-330 °C, and
"endoeffects" at 400 and 620 °C are most likely due to removal of intracrystalline
zeolite water.In the case of thermal decomposition of nickel nitrate deposited on
an acid-activated zeolite (figure 2a and a sample of a CN), the thermal effects
from the dehydration and thermal fixing of nickel structures on the zeolite are
shifted to the low-temperature region.
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Figure 2 — Thermogram of zeolite catalysts:
a) a sample of the CN, b) a sample of CNM, c) a sample of CMN, d) a sample of CM

This may indicate, according to the ESTD, the prevalence of nickel hydroxo-
complexes over nickel hydroxide in a dried but not calcined sample; avariety of
nickel structures are observed in the calcined sample.The reaction products of
hydrolyzed nickel nitrate with molybdenum compounds thermally fixed on the
surface of the activated zeolite dehydrate at lower temperatures than in the case of
an activated and the more thermoregenerated sample and may be associated with
the dehydration of nickel-molybdate associates. The "exothermic" effect (figure 2,
model CM) can be noted on the DTA curve of the CM sample (see figure 2,
which is accompanied by a weight loss), which can be explained by the thermal
decomposition of the ammonium form of the zeolite formed as a result of ion
exchange of the compensating calcium ions with ammonium ions during the
impregnation of the zeolite solution of ammonium para-molybdate. On the DTA
curve of ammonium para-molybdate, according to (figure 1a), "exoeffect” is not
observed, only "endoeffects" at 205, 240, 340 and 795 °C were noted.In our case,
the "exothermic" effect of the transition of the ammonium form of the zeolite to
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hydrogen does not appear to be due to the fact that during the preliminary appli-
cation of nickel nitrate followed by calcination (figure 2a), the nickel cations are
firmly fixed in the zeolite cavities, and the ion-exchange of Ca’* on NH, * does
not occur. The absence of "endoeffects", specific for the thermal decomposition
of ammonium para-molybdate, indicates a deep chemical interaction already
during impregnation. Smooth weight loss in the temperature range 100-500 °C
without pronounced thermal effects is due to the gradual removal of water.
Ammonium ions are displaced from ammonium para-molybdate by a stronger
base - calcium hydroxide and removed to the drying process of the sample. Due to
the fact that the thermal decomposition of the formed calcium molybdate occurs
at a temperature of 1000-1100 °C, it does not appear in the investigated range on
the DTA curve.

Electronic diffusion reflection spectra (EDS) of molybdenum - nickel and
nickel - molybdenum catalysts on a thermoregenerated zeolite are shown in figu-
re 3and 4.

Spectra of catalysts were taken in the 50-5cm-1 region on a Hitachi-330
spectrophotometer with a diffusion reflection attachment. It follows from figure 3
and 4 when applying an aqueous solution of nickel and molybdenum salts to CaA
zeolite, complex processes occur on its surface that promote the formation of
various compounds: CaMoQ,, NiMoQ,, and other oxygen compounds of nickel
and molybdenum. Calcium molybdate clearly appears in the roentgenograms
of the calcined catalyst and can overlap the baseline with d = 3.08A from the
crystalline nickel molybdate. However, the absence of narrow lines with d = 2.73
and 2.06 A on X-ray diffraction patterns indicates a high dispersion of the nickel-
molybdate structures formed. Nickel-molybdate associates appear as broad bands
from Ni®*with maxima at 12.9; 20.0; 23.2; 26.6 cm™. The highly dispersed phase
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Figure 3 — Electronic spectra of diffuse reflection of nickel-molybdenum catalyst, reduced
at 300 °C - (1), 320 °C - (2,3), 360 °C - (4-6) and reoxidized at 25 °C - (3,5) and 360 °C - (6)
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of nickel oxide was identified by the pronounced band 13.9 cm™ and a number of
diffuse bands at 15.4; 21.8; 23.2; 25.0 cm™. In a large region at 26.3 and 27.7 ks,
Mo® * ions are also absorbed, whose presence is confirmed by the decrease of
these bands after oxidation of the latter with hydrogen peroxide to Mo®*. Mo® *
ions appear in the spectra with a broad absorption band with a maximum of
29.4 + 30.7 ks™ and a shoulder of about 41.7 ks™. ts high intensity and some shift
to the low-frequency region indicate the predominance of structures of the
Mo®*14 - O - Mo, type, which determine the presence of Bronsted acid sites
with pKa<-3 on the surface of the catalyst.

The ESD of the nickel-molybdenum catalyst on the thermoregenerated
zeolite is given in figure 4. It follows from the picture that in the catalyst, as in the
previous one, CaMoQO,4, NiMoO, and other compounds are present. But, the
intensity and quantity of CaMoQ, formed is lower than when nickel is applied to
calcined molybdenum-zeolite.
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Figure 4 — EDS of catalysts on a thermoregenerated (1-2) and activated by 0.1% HCI zeolite (3-6).
Air-dry (1.3), calcined 823 K (2,4-6). The ratio of NiO: MoO; =1: 1 - (1-4)

The appearance of new absorption bands in the spectrum of about 12,8 and
12,8 ksm™ is associated with the formation of fragments of nickel-molybdate
structures in dried samples when ammonium para-molybdate is applied to cal-
cined nickel-zeolite systems. After calcination, the spectrum consists of an
extended absorption band with a maximum of 12.9 ksm™, moderate bands at 20,0;
23,8 ksm-11 and an intense wide band of Mo® * ions occupying the entire UV
region, which is typical for molybdate-nickel. That is, acid activation and pre-
fixing of nickel structures on the zeolite contribute to the formation of nickel-
molybdenum associates. To study the x-ray composition of the nickel-molyb-
denum catalyst on the thermoregenerated and activated zeolite, the following
samples were prepared with the ratio NiO: MoOs 1: 1 (No. 1), 1: 2 (No. 2) and 2: 1
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(No. 3). X-ray patterns of the samples are shown in figure. 5. It can be seen from
the figure that almost all lines characteristic of CaA zeolite are present in all the
samples. Thus, in sample No. 1, CaA exhibits an average degree of crystallinity,
which is expressed in the expansion of the lines of 0.338; 0.327 nm.

Figure 5 show that in sample No. 2 enriched with molybdenum oxide, the
content of CaMoQ, and nickel oxide decreases and the degree of crystallization of
the zeolite is lower than in sample No. 1. In catalyst No. 3 with an excess of nic-
kel oxide, the crystallinity of the zeolite structure is sharply reduced, this is mani-
fested by a decrease in the intensity of the diffraction lines and their considerable
expansion. The amount of phase and the degree of crystallinity of CaMoO, are
noticeably reduced. In general, the most intense lines appear in the roentgenogram
of crystalline calcium molybdate: 4.71; 3.07; 3.09; 2.87; 2.61; 2.25; 1.92; 1,864
1.628; 1.585; 1.563 A.

Figure 5 — Radiographs: a) Catalyst (No.1) - NiO: MoOs 1: 1;
b) catalyst (No. 2) - NiO: MoOs; 1: 2; ¢) Catalyst (No.3) - NiO: MoO; 2: 1

The presence of nickel molybdate, found earlier by ESR, can not be deter-
mined by X-ray diffraction, in view of its high dispersion and superposition of
reflexes. However, molybdate of nickel is more or less present in all samples. The
spinel structure of nickel aluminate was not found in the samples studied. Accor-
ding to the EDS, calcium molybdate exhibits acidic properties, so in the catalytic
system it can serve as an isomerizing component. In Figure 5. X-ray diffraction
patterns of molybdate nickel deposited on a thermoregenerated and activated zeo-
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lite are given. The catalyst was prepared by depositing NiMoO,4 on CaA, grinding
the system to a powdered state (100-120 mesh), followed by transfer to a paste-
like mass, its shaping into extrudates, drying and calcination.lIt follows from the
X-ray diffraction pattern that the finished catalyst consists exclusively of NiMoO,
and a thermoregenerated CaA zeolite. The results of the EDS and the thermo-
grams of the catalyst showed no interaction of NiMoO, with CaA in this system
Elimination of the interaction of the catalyst components - NiMoO, and
CaA - shows their inherent high catalytic properties in redox and acid-base cata-
lysis.

Conclusion. It was found that nickel molybdate has simultaneously hydroge-
nating, isomerizing, cleaving, hydrodesulfurizing, hydrodenitrogenating and other
properties. The catalyst prepared by deposition of NiMoO,4 on zinc aluminate
showed high results in the hydrogenation and isomerization processes.It was
found that the NiMoO, catalyst on ZnAl,O, is polyfunctional. At the same time,
deep hydrogenation, isomerization, dehydrocyclization, cleavage and other
reactions take place. A catalyst NiMoO, on BaAl,O, manifests in these processes
a greater degree of basic properties than acidic ones.Therefore, on this catalyst,
deep hydrogenation reactions of hydrocarbons and, in particular, organo-nitrogen
compounds of basic character, mainly take place.

Thus, structural studies of the spent CaA zeolite with salts of the active phase
of nickel and molybdenum deposited under different thermal conditions have
shown that it can be used as a solid carrier for the production of nickel-molyb-
denum catalysts with additives (promoters).In this case, the catalytic activity of
the zeolite can be controlled by selecting it within the pore volume and compo-
sition.
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TEPMOPET'EHEPAITUAJITAHFAH CaA-TYPIHAEI'T IEOJIUTTI 3EPTTEY
KOHE KOJIJAHBUTYBI

bencenyi HUKeNb KoHE MONMOAEH KOCBUIBICTApBIH Maiinanana oTeipbil CaA-1eo-
JUTIH TepMOpereHepalysiay KapacTelpbutanel. Ochbl Kypamzaac KaTalu3aTOpJIapblH
KBI3JBIPYFa ocepi 3epTTeiHe .

Tyiiin ce3aep: KaTaau3aTop, TEPMOpEreHeparys, aacopOeHT, LIEOJIUT, KOJIAAHy, apa-
JIaCTHIPY, TEPMUSIIBIK TalAAY, KbI3ABIPY, XEMOCOPOLIHSL.

Pe3iome

Il. H. Amaynnaes, C. @. ®o3unos,
B. A. Magnanos, B. H. Axmeoos, A. Y. Ouunos

NCCIEAOBAHUE ITPUMEHEHU A
AKTUBHBIX ®A3 HUKEJIS 1 MOJIMBAEHA
HA TEPMOPET'EHEPMPOBAHHOM IEOJIMTE CaA

B at0if paboTe ObUT pOBENEH MPOIECC acCTHBHBIX (pa3 cOeAWHEHWH HUKENS M MO-
nub/eHa Ha TepMopereHeprpoBaHHOM Ieosmte CaA W M3ydeHbl MOJY4YEHHBIE Ha HX
OCHOBE KaTaIMTUYECKUE CHCTEMBI
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