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PHYSICAL-CHEMICAL PROPERTIES OF CATALYSTS
FOR DESTRUCTIVE HYDROGENIZATION
OF OIL DEASPHALTIZATE

Abstract. The physicochemical and catalytic properties of catalysts and their pre-
paration for destructive hydrogenation of asphalt-free oil are found out in the article.
Favorable conditions for obtaining effective catalysts of the hydrogenation process were
determined. Also, the process of thermal regeneration of the working zeolite and the sur-
face-acid properties of the Ca-zeolite catalyst was studied.
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Introduction. It is known that catalysts containing metals of Group VIII of
Mendeleev's (Pt, Pd, Co, Niand etc.) periodic system possess high hydrogenating
properties. But their use for hydroprocessing petroleum products with sulfur-,
nitrogen-, oxygen- and organometallic impurities is inexpedient, since they are
rapidly poisoned. In the hydro processing of residual petroleum products, the
depth of their conversion, the quality and quantity of the "light" distillates thus
formed depends on the catalytic properties of the using catalysts [1, 2].

It is established that the use of nickel in combination with molybdenum
makes it possible to obtain a catalytic system with hydrodehydrogenic and acidic
properties, and when this system is converted into a sulphide form, the activity,
the functionality of the system in acid catalysis is more increased. Nickel is a
molybdenum system because it is the most active catalyst of processes: for hydro-
genation, isomerization, dehydrocyclization, hydrodenitrogenation, hydrodesul-
furation, it exhibits polyfunctional properties, is stable to the deactivating actions
of sulfur-, nitrogen-, oxygen-organic compounds. Treatment of this system with a
sulfur organic compound or hydrogen sulphide increases its activity in redox and
acid catalysis. In view of the above, the elaboration of polyfunctional catalysts for
the destructive hydrogenation of oil deasphaltizatewas carried out on the basis of
nickel and molybdenum compounds on various refractory acid supports: spent
zeolite after thermal regeneration ZnAl,O,and BaAl,O, [3-6].

Due to their specific surface properties, crystalline aluminosilicates are
widely used as a carrier and isomerizing phase in multicomponent catalysts.
Depending on the type and concentration of acid sites of zeolites, especially CaA,
they are widely used in isomerization, alkylation, polymerization, cracking, hyd-
rocracking processes.
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Synthetic zeolites are widely used in various industries. The large-tonnage
consumer of zeolite CaA as an adsorbent is the Shurtan gas processing plant. Due
to the lack of a local zeolite, it is purchased for foreign currency. At present, a
huge amount of environmentally hazardous industrial waste is accumulated in the
dumps of the plant - the spent adsorbent CaA, which is subject to regeneration,
which can be used for the production of local zeolite. Taking this into account,
using modern physicochemical methods of analysis that allow us to study the
processes occurring during the processing of the spent zeolite, we have estab-
lished methods for regenerating the adsorbent in which the zeolite retains its
structure and exhibits high surface acidic properties, which makes it possible to
use it as a destructive hydrogenation catalyst oildeasphaltizate.

RESULTS AND DISCUSSION

Investigation of the process, thermal recovery of spent zeolite. It is known
that the thermal treatment of zeolites allows the removal of impurities, especially
of organic nature. The thermograms of spent CaA zeolite obtained from the
Shurtan MCC are given in figure 1. As follows from the thermogram, the exoef-
fect at 200 °C corresponds to the removal of structural water. The pronounced
exothermic effect with a maximum at 362 °C refers to the removal of the residual
part of organic compounds adsorbed in the purification of natural gas containing
sulfur, nitrogen and resinous substances. Weak "Exoeffects" in the region of 500-
600 °C are due to the burnout of strongly adsorbed organic substances, which is
accompanied by a slight weight loss, and from 700 to 990 °C, zeolite is sintered
without losing weight.

Figure 1 — The thermogram of spent CaA zeolite,obtained from Shurtan MCC
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Thus, the temperature ranges for the recovery of the spent CaA zeolite and
the limits of the temperature effect on this sorbent were established, and its
surface-acid properties were investigated.

In practice, in order to increase the surface acid properties of the zeolite, it is
activated by anions of mineral acids. In our case, the thermoregenerated zeolite is
activated by an aqueous solution of acidsHCI, H,SO, and HNOg3.The activation
carried out for 11-12 hours at room temperature. Table 1 show the results of
the study of the change the surface acid-base properties of the zeolite calcined at
600 °C, depending on the concentration of acid.

Sounding of acid sites by the position of the absorption peak of the indicators
was carried out: a) after adsorption on samples without preliminary heat treat-
ment; b) after drying at 200 ° C; c) after calcination at 600 ° C. The results of the
study showed that on hydrated samples phenolphthalein is adsorbed in a colorless
acid form, i.e. the main centers with pKa>9,3are absent. Bromphenolbluou - an
indicator for weakly acid centers with pKa~ +3,8is adsorbed on hydrated samples
mainly in two forms. As a result of adsorption on weakly acid and weakly basic
centers, (+3,8 <pKa< +9), an absorption band with high extinction is observed in
electronic spectra, the maximum of which is about 600-610 nm (the first form),
the presence of centers with pKa< +3,8indicates the appearance of a less intense
absorption band at 430 nm (the second form) from bromophenolblau ionized at
acid sites. On samples activated with 5% hydrochloric acid, only acid sites with
pKa of less than 3.8 are observed. A similar picture is observed for the indicator
benzazolazodiphenilamin pKa<+1,5. A study of the surface of the samples dried
at 200 ° C before the beginning revealed the presence of Bronsted type centers
with pKa about -3. Only the samples treated with 3.0% sulfuric and nitric, as well
as 5.0% hydrochloric acid, found stronger Bronsted centers with pKa< -6.

The strength and concentration of acid sites is increased by an increase in the
pretreatment temperature of the surface to 500 °C. Moreover, in addition to pro-
ton ones, Lewis acid sites are also identified on individual samples (table), which
disappear at dehydration. It is known that, under equal conditions, the acidity of
various types of zeolites increases with an increase in the degree of exchange of
metal ions with protons. In the absence of information on the degree of exchange
of aluminum and calcium ions, we have attempted to find a correlation between
the concentration of acid sites and the concentration of the activating solution
containing these ions. From the data of table 1 it can be noted that within each
series of samples the maximum concentration of strong acid sites is -6<pKa<-3,
for samples calcined at 600 °C just before probing and -6<pKa<-3 for samples
dried at 200 °C, for activation with a 5.0% solution of hydrochloric acid. At the
same time, the concentration of the centers on the samples prepared at 600 ° C
increases markedly. It is here that aprotic acidic centers are observed, which are
particularly pronounced in the case of treatment of sulfuric acid zeolite. As
follows from the data in table 1, activation of thermoregenerated zeolite with an
aqueous solution of mineral acids enhances its surface-acid properties to a certain
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The change of surface of the zeolite calcined at 600 °C depending

on the concentration acid and its acid-base properties

Concentration (mmol/g) of acid-base centers
with pKa on the surface of activated solutions Site
Samples and condition and mineral acids with different concentrations type
-8 6,3 | -56 | -33 | +15 | +3,8 | +9,3
1. Spent (unregenerated) _ _ _ 005 | 013 | 038 B B+L
2. Thermoregenerated
(without activation)
- 47 - B+L
3. Activated by acid 008 1 009 | 024103410,
at 20-25°C,
g”lr;;gﬁé'llz hour - | 020|021 |02 |032|040]| - B
4’ 1 0%HCI 0,04 | 6,07 | 0,12 | 0,18 | 0,27 | 0,32 - B
5' 2’5%HCI 0,03 | 0,24 | 0,24 | 0,32 | 0,37 | 0,39 - B
6. 5’0%HCI - - 0,03 | 0,08 | 0,30 | 0,30 - B
7' 3,0%HNO - 0,8 | 0,20 | 0,20 | 0,21 | 0,30 - B
] 3
- 1 21 - B+L
8. 3.0%H,S0, 0,04 | 0,07 | 0,43 | 0,15 | O,

a) initial zeolite; b) a thermoregenerated zeolite;

Figure 2 — X-ray patterns:

c) a zeolite activated with hydrochloric acid
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Figure 3 — ESD of zeolite CaA: a) thermoregenerated;
b) activated by1.0; 2.5; 5% HCI solution and dried at 200 ° C; c) calcined at 600 °C

extent, which increase with an increase in the concentration of the activating acid
to 2.5%, and then decrease. The activating action of solutions of sulfuric and
nitric acid is much lower than that of hydrochloric acid. Taking into account
that the isomerization reactions proceed mainly on acidic centers with pKa =
= -3,3+3,8 mmol/g, an agueous solution of hydrochloric acid with a concentration
of 0,1% was used as an activating additive. In the process of processing the
thermoregenerated zeolite with this solution, a whole set of acid sites of various
strength and concentration appears on the surface of the adsorbent. In the regene-
rated zeolite, its structure does not change, as evidenced by the X-ray diffraction
pattern (figure 2, a, b, ¢) and ESTD (figure 3, a, b, c).

Conclusion. Thus, when studying the process of thermoregeneration of spent
zeolite, the temperature ranges for the recovery of spent CaA zeolite and the
limits of the temperature effect on this sorbent were established, the effect of
mineral acid anions on the surface-acid properties of CaA zeolite was
studied.Based on the data obtained, methods for the preparation of catalysts for
the destructive hydrogenation of oildeasphaltizatehave been developed and their
physicochemical and catalytic properties have been studied.
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MYHAW JJEAC®AJIbTU3ATBIH TUPOT EHU3ALISAIIAYFA APHAJIFAH
KATAJIM3ATOPJIAPABIH ®U3NKO-XUMUAJIBIK KACUETTEPI

MyHaii neacdanbTU3aThH THAPOTCHU3ANMSIIAYFa apHAIFaH KaTalu3aTopiaapabl ainy
JKOHE ONapblH (pU3NKO-XUMHSIIBIK KacueTTepi 3eprrenred. CaA-TypiHAeri HHOIUTTI Kak-
TaK KaJIMbIHA KEITIPY YIIIH TepMOpereHepalysiay jKOHEe EOTUT OCTIHICTI KBIIIKBLIIBIK
OPTAIBIKTAP KapacTHIPBLIFaH.

Tyiiin ce3mep: karanmuszarop, neac(aibTh3aT, AECTPYKIHS, THAPOTEHe3alusay,
TEepMOpETeHepaIHsIIaY, alCOPOCHT, LIEOINT, KbI3IBIPY.
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®U3UKO-XUMHUYECKHE CBOMCTBA KATAJIM3ATOPOB
JJ TUAPOTEHU3AIIVUU JEACDAJIBTU3ATA HEOTU

B pabore mpuBeneHb! CHOCOOBI MOJYYEHUs! KaTalW3aTOpOB JUIA JECTPYKTHBHOMH
THpOreHn3annu feacanbrizara HepTH U M3Y4EHBl NX (U3MKO-XMMHUYECKHE M KaTallu-
TUYECKHE CBOMCTBA. Tarke MCCIIEAOBAHBI IOIECC TEPMOPETCHEPAMH OTPAaOOTaHHOTO
LIEOJINTA ¥ IOBEPXHOCTHO-KUCIIOTHBIE CBOIMCTBA KaTalIN3aTOPOB HAa OCHOBE neonnuTta CaA

KnroueBble cioBa: katanmuszarop, AeacanbTH3ar, AECTPYKIWS, TMAPOTEHU3ALN,
TEPOMOPETEHEPALIHS, aICOPOCHT, LIEOJIUT, IIPOKAJIKA.
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