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IINVESTIGATION OF THE CATALYTIC
AND ISOMERIZATION ACTIVITY OF MULTI-COMPONENT
SKELETAL NICKEL CATALYSTS
IN THE HYDROGENATION OF HEXENE-1

Abstract. In this work, the effect of the amount of catalyst, modifying additives, and the phase composition of
the alloys on the catalytic and isomerizing activity of skeletal in the hydrogenation reaction of hexane-1 is
investigated.

It has been shown that for all studied catalysts, the yield of products in the processes of migration and
isomerization depends very strongly on the weighed portion of the catalyst introduced into the reaction medium. So,
for example, the yield of hexane-2 with an increase in the catalyst weight increases linearly to 0.5g of nickel, while at
the initial stage of the reaction the yield of hexane-2 reaches 62%. With a further increase in the catalyst weight
(up to 1 g of Ni), the yield of hexane-2 decreases.

The results of chromatographic analysis indicate a high activity of modified skeletal nickel catalysts in the
reaction of migration of -C = C- bonds during hydrogenation of hexene-1. Modification of Fe, Pd, Sn and Ag
increases the migration coefficient (Kmigr) from 0.66 to 0.70-0.77, while additions of Ti, Mo, Ti-Mo and Zr
practically do not change it.

The activity of the catalyst increases with the introduction of the metals Cu, Zn, Pb, Ti-Mo, Mo, Bi, Ag, and
Mo-Cu (W=120-290 cm’/min-g Ni) into the initial alloy, while the addition of Fe, Pd and Mn (W=56-80 cm’*/min-g Ni),
while the influence of the components Ti, Zr and Sn is insignificant (W=115-117 cm*/min-g Ni).

Keywords: catalyst, hydrogenation, hexene-1, skeletal nickel, activity, selectivity, migration, alloy.

Introduction. The ability of metals of group VIII of the Periodic Table to catalyze the reaction of a
double-bond migration over the carbon chain and cis-trans conversion in the hydrogenation of olefinic
hydrocarbons is outlined in a series of papers [1-24]. It was found that group VIII metals have various
effects on the nature of these side reactions. This is explained by the different content and state of
hydrogen sorted by these metals [4], and the phase composition and modifying agents of the initial alloys
[2,6]. However, the data available in various papers differ markedly. The authors of [6] attribute these
differences to differences of the catalyst preparation methods.

Multi-component skeletal nickel catalysts successfully used in various hydrogenation processes have
been found to be very effective from an industrial point of view. This is caused by high activity and
selectivity, simplicity of preparation and regeneration, work stability, resistance to intoxication. In recent
years, intensive studies have demonstrated that modification of skeletal nickel by different metals allows
regulating catalyst performance over a wide range [3].

In accordance with the data of the studies [3,4], dissolved hydrogen is mostly involved in
isomerization of hexene-1 over skeletal nickel, and a surface adsorbed hydrogen is involved in the reaction
of hydrogenation. In this context, it can be expected that the amount of catalyst introduced into the
reaction medium should have a considerable impact on the hydrogenation process, migration and
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isomerization, since the amount of adsorbed as well as dissolved hydrogen entering the reaction at the
initial stage changes.

In the present paper the effect of the amount of catalyst, modifying agents and phase composition of
initial alloys on catalytic and isomerization activity of skeletal nickel in hexene-1 hydrogenation reaction
has been studied.

Experiment.

Table 1 presents the physical and chemical properties of hexene-1.

Table 1 - Main physical and chemical properties of hexane-1

Name, Formula Molecular | Boiling | Density | Refractive Solubility in:
synoname mass point °C dz’ index n2° water ethanole | hexane
Hexane-1 CH;-CH,-CH,- 84.16 63.5 0.6732 1.3821 insoluble o 0

Byhylethylene CH,-CH=CH,

The catalyst was prepared as follows: a sample weight (0.4-0.8 g) of crushed, powdered alloy,
fraction 0.06-0.20 mm (the alloy composition is given in Table 1) was processed with 20% KOH solution
at 96 °C, in a boiling water bath for 2 hours. Water washing from alkali was carried out with distilled
water by decantation 4-5 times, up to negative reaction to OH- ions in washing water. Then, the catalyst
was washed with solvent in which hydrogenation was carried out (ethanol).

Hydration was performed in a thermostatic "catalytic duck" [1,2] at atmospheric pressure and
temperature of 20 °C. The rate of reaction (amount of absorbed hydrogen per unit time, cm®*/min) and
catalyst potential (mV) relative to the calomel reference electrode were recorded simultaneously by
method [1,2]. Before the reaction, the catalyst was saturated with hydrogen in the solvent (volume 25 cm”)
until the reversible hydrogen potential was determined. Hydration was performed in a kinetic regime
(700-800 swings/min).

The selectivity coefficient of hydrogenation of hexene-1 was determined by formula 1, the migration
coefficient -C=C bond for hydrogenation of hexene-1 was determined by formula 2, the isomerization
coefficient was determined by formula 3; stereospecificity was determined by formula 4.

Ks=yield hexene-1, %/yield(hexene-1+hexane), % (D)
yield(sic—hexene—1+tranc—hexene—1) (2)
r— yield trans—hexene—1,% 3)

yield(sis—hexene—1+trans—hexene—1),%

yield(hexene—1+sic—hexene—1+trans—hexene—1)

migr

S=sic-hexene-1/trans-hexene-1 4

Chromatographic analysis was performed using a Chromos GH-1000 (Chromos, Russia) with flame
ionization detector in isothermal mode using BP21 (FFAP) capillary column with polar phase
(PEG modified with nitroterephthalate) 50 m long and 0.32 mm inner diameter. The column maintained
the temperature of 90 °C, the temperature in the vaporization chamber was 200 °C, the carrier gas was
helium, the volume of injection volume was 0.2 pl. Samples of liquid reaction mixture were taken
2-3 times during the experiment.

Table 2 presents the composition of products of the hydrogenation reaction of hexene-1 over skeletal
nickel from Ni-Al (I:I) alloy depending on the amount of catalyst.

The data in table 2 show that the yield of products in the migration and isomerization processes for all
investigated catalysts is highly dependent on the catalyst weighed amount introduced into the reaction
medium.

For instance, the yield of hexene-2 with an increase in the catalyst weight increases linearly up to
0.5 g of nickel, at that the yield of hexene-2 reaches 62 % in the initial stage of reaction. The yield of
hexene-2 decreases with a further increase in the catalyst weight (up to 1 g Ni).

The data analysis in table 2 shows that the catalyst suspension during the hydrogenation of 1-hexene
also affects the ratio of hydrogenation and migration of C=C bond. The values of the migration
coefficients (Fpigr) and Bond selectivity (Fg) [7], characterizing these processes highly depends on the
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amount of catalyst in the reaction medium. At the initial stage, for instance, the value of Fp, (the ratio of
the yield of hexene-2 to the total of hexenes) increases from 0.05 to 1 g when the catalyst weight increases
from 0.12 to 0.95, and the value of Fy, (the ratio of the yield of hexene-2 to hexane) - from 0.51 to 4.78.
Recent data indicate that in the case of a small catalyst weight, the migration process runs at a rate that is
half that of hydrogenation of hexene-1, while in the case of large catalyst weight (1 g Ni) the reaction with
regard to hexene-2 formation is 5 times faster than the reaction of hexene-1 hydrogenation.

At hydrogenation of hexene-1 over skeletal nickel right from the beginning of the reaction trans-
isomer is obtained in a considerably larger amount than cis-isomer. The value of Fi,, - isomerization
coefficient (the ratio of the yield of trans isomer to the sum of hexene-2 yield) is 0.71-0.80. This value
almost remains unchanged to the point of disappearance of hexene-1 from the reaction and does not
depend on the phase composition of the initial alloys and the weighed amount of catalyst. At the end of the
reaction after the disappearance of hexene-1 the value of Fi, slightly increases as a result of the
difference in the rate of hydrogenation of trans and cis-isomers to hexane.

As the table 2 shows, the value of migration and selectivity coefficients for the same weight of
catalyst significantly changes in the process of hexene-1 hydrogenation. Thus, F,, increases from 0.1 to
0.97 in the course of the reaction. The Fy, value in this case decreases by an order of magnitude. Thus,
these coefficients also change significantly depending on the amount of hydrogen absorbed. But when the
catalyst weighed amount in the reaction medium is large (0.5-1 g), the values of such migration
coefficients are highly distorted owing to the fact that by this time hexene-1 is absent in the reaction
medium and only the hydrogenation of hexene-2 is in the process. Thus, if hydrogenation of hexene-1 is
performed over a weighed amount of a nickel catalyst of 0.3-0.5 g, the values of the Fp,, coefficient will
range from 0.75 to 0.95 (at the time of absorption of 0.3 mol of hydrogen). In paper [6], the data relating
to the migration coefficient fluctuate within the same limits. In paper [6], the data relating to the migration
coefficient fluctuate within the same limits. On the basis of the data obtained, it can be considered that
skeletal nickel belongs to the number of catalysts with high isomerization ability second only to
palladium. [5].

Table 2 - Composition of catalysis obtained by hydrogenation
of hexene-1 over skeletal nickel from Ni:Al (1:1) alloy

Catalyst weight, g The amount of Reaction product,% Froigr Foal Fisom
absorbed Hexane Hexene-1 Hexene-2
hydrogen, mole Trans Cis

0.05 0.14 13.8 75.8 74 3.0 0.12 0.75 0.71
0.28 28.0 58.9 9.6 3.5 0.18 0.47 0.69

0.45 44.9 39.4 11.3 45 0.28 0.35 0.71

0.60 60.3 222 12.5 5.0 0.44 0.29 0.71

0.76 75.9 6.3 12.6 5.2 0.74 0.23 0.71

0.15 0.15 14.9 67.6 13.0 45 0.20 1.17 0.74
0.31 30.9 49.4 14.0 5.7 0.29 0.64 0.71

0.51 51.0 29.9 13.9 5.2 0.39 0.57 0.73

0.78 77.6 6.8 11.6 4.0 0.67 0.20 0.74

0.25 0.16 158 0.6 3223 93 0.49 2.63 0.78
0.30 295 234 354 11.7 0.67 1.60 0.75

0.46 46.4 72 33.8 12.6 0.87 1.00 0.73

0.67 67.0 25 224 6.5 0.92 0.42 0.78

0.50 0.23 234 14.3 433 19.0 0.81 2.66 0.73
0.34 343 4.4 44.1 17.2 0.93 1.78 0.72

0.54 54.4 2.6 333 9.7 0.94 0.79 0.77

0.72 71.6 - 23.3 52 - 0.40 0.82

0.75 0.19 18.8 8.1 52.7 20.4 0.90 3.89 0.72
0.37 36.7 - 43.9 19.4 - 1.97 0.69

0.51 51.0 - 35.1 13.6 - 0.95 0.72

0.67 65.0 - 27.6 5.9 - 0.50 0.82

1.00 0.17 16.6 4.0 57.2 222 0.95 478 0.72
0.39 38.6 1.6 472 11.9 0.97 1.53 0.80

0.55 53.5 - 374 7.9 - 0.85 0.83

0.71 70.3 - 24.1 44 - 0.41 0.85
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If, however, the migration coefficient of skeletal nickel with a weighed amount of the catalyst is
calculated as 0.05 g (i.e. over the same weighed amount of the catalyst that is used for hydrogenation over
Pd, Rh, Pt and other catalysts), the F;, values will be equal to 0.12. Therefore, skeletal nickel by its
isomerization ability belongs to a number of metals that weakly catalyze C=C bond migration, such as Pd,
Rh, Pt [5,8,10] and others.

Table 3 - Hydrogenation of hexene-1 over multi-component skeletal nickel catalysts

Alloy Content of Ni-Al-Me We=c AEnit. K S

composition mass.%

Ni-Al 50-50 110 200 0.66 0.75
Ni-Al-Cu 40-55-5 140 140 0.52 0.74
Ni-Al-Cu 30-60-10 290 120 0.43 0.74
Ni-Al-Ag 48-50-2 125 175 0.70 0.75
Ni-Al-Zn 43-44-13 246 130 0.58 0.74
Ni-Al-Zn 28-36-36 270 250 0.52 0.74
Ni-Al-Ti 47-50-3 117 280 0.65 0.75
Ni-Al-Zr 45-50-5 115 200 0.62 0.78
Ni-Al-Sn 45-50-5 117 220 0.74 0.74
Ni-Al-Pb 40-50-10 194 150 0.59 0.75
Ni-Al-Ta 45-50-5 200 180 0.60 0.75
Ni-Al-Bi 45-50-5 122 200 0.69 0.77
Ni-Al-Cr 47-50-3 100 170 0.54 0.76
Ni-Al-Mo 45-50-5 125 280 0.66 0.74
Ni-Al-Mn 40-50-10 56 150 0.53 0.78
Ni-Al-Fe 45-50-5 80 180 0.77 0.79
Ni-Al-Pd 48-50-2 65 250 0.74 0.78

Ni-Al-Ti-Mo 44-50-3-3 150 200 0.62 0.80
Ni-Al-Ti-Cr 44-50-3-3 90 220 0.51 0.75
Ni-Al-Mo-Cu 42-50-3-5 120 80 0.62 0.75
Ni-Al-Cr-Cu 42-50-3-5 105 160 0.46 0.76

W- is the specific activity of the catalyst, cm® Hy/min'g Ni;
AE;,; — initial displacement of the catalyst potential, MV
S, - stereospecificity (cis-hexene-2 / trans hexene-2);

K;— is the selectivity coefficient.

Modification of skeletal nickel with different metals (table 3) has a profound effect on the catalytic
activity and isomerization ability of the skeletal nickel catalyst in the process of hexene-1 hydrogenation
(table 3), which may be related to changes in the energy characteristics of adsorbed hydrogen on the
catalyst surface.

The results of chromatographic analysis (table 3, figure 1) suggest high activity of modified skeletal
nickel catalysts in the -C=C bond migration reaction during hexene-1 hydrogenation.

Modifying Fe,Pd, Sn and Ag increases the migration coefficient (Cyig) from 0.66 to 0.70-0.77, while
Ti, Mo, Ti-Mo and Zr additives almost do not change it. The introduction of Cu, Cr-Cu, Ti-Cu, Zn, Mo-Cr
and Mn reduces the ability of the catalyst to transfer -C=C bond (C,i;=0.43-0.53). Modifying additives
almost do not change the ratio of cis/trans isomers of hexene-1 (Cison,=0.74-0.80).

Catalyst activity increases when Cu, Zn, Pb, Ti-Mo, Mo, Bi, Ag and Mo-Cu metals are introduced
into the initial alloy (W=120-290 cm’/min-g Ni), and Fe, Pd and Mn additives decrease it
(W=56-80 cm’/min-g Ni), while the influence of Ti, Zr and Sn components is insignificant
(W=115-117 e¢m’/min-g Ni). The strongest adsorption of hexene-1 is observed over catalysts containing
Mo, Pd, Zn, Ti, Bi, Mo-Cr, Sn and Zr (AE=200-280 mV). The doping of Cu, Cr, Pb, Mn, Mo-Cu and Cr-
Cu alloy leads to its reduction (AE=80-170 mV).
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1- hexene-1, 2- trans-hexene-2, 3- cis-hexene-2, 4-hexane.

Figure 1 - Change in the composition of the reaction mixture in the process of hydrogenation
of hexene-1 over skeletal nickel from Ni-Al-Pd and Ni-Al-Cr-Cu alloys
Conditions: a sample weight of the catalyst 0.12, temperature 20 °C, H, pressure 0.1 MPa,
solvent ethyl alcohol 25 ml, initial amount of 1-hexene 2.23 m/mol

Conclusion

1.  The effect of the amount of catalyst, modifying additives and phase composition of initial Ni-Al
alloys on the process of isomerization of hexene-1 over skeletal nickel has been examined. It was
established that the reaction of transfer of the double bond does not depend on the phase composition of
the initial alloys, it is influenced only by the chemical nature of metal (Ni).

2. It is demonstrated that for all examined catalysts the yield of products in the processes of
migration and isomerization is very strongly dependent on the catalyst weight introduced into the reaction
medium. For instance, the yield of hexene-2 increases linearly up to 0.5 g of nickel with the increase of the
catalyst weight, while at the initial stage of the reaction the yield of hexene-2 reaches 62 %. With a further
increase in the weight of catalyst (up to 1 g of Ni) the yield of 2-hexene decreases.

3. The results of chromatographic analysis suggest a high activity of modified skeletal nickel
catalysts in the -C=C bond migration reaction in the process of hydrogenation of hexene-1. Modifying Fe,
Pd, Sn and Ag increases the migration coefficient (Cyg) from 0.66 to 0.70-0.77, and Ti, Mo, Ti-Mo and
Zr additives almost do not change it. The introduction of Cu, Cr-Cu, Ti-Cu, Zn, Mo-Cr and Mn reduces
the ability of the catalyst to transfer -C=C bond (C;e=0.43-0.53).

4. Catalyst activity increases when Cu, Zn, Pb, Ti-Mo, Mo, Bi, Ag and Mo-Cu metals
are introduced into the initial alloy (W=120-290 cm’/min-yield), and Fe, Pd and Mn additives decrease
it (W=56-80 cm’/min- g Ni), while the effect of Ti, Zr and Sn components is insignificant
(W=115-117 cm’/ min - g Ni).

K. K. Kanp6exor'?, C. M. Cyiim6aeBa’*, U. M. /lkennsiéaesa’, J. T. Epmosuna’

' On-Dapabu atbingars Kazak yiITTeIK yHHBEpCHTETI, AlMaThl Kanacsl, Kaszakcran;
P31 JKaHa XUMUSUIBIK TEXHOTOTHSIIAP JKOHE MaTepranaap, AIIMaThl Kanacsl, KasakcTas;
*Tenarorukaisik emeyiep opransirsl «Hasapbaes 3ustkepmik mextentepin AK, Hyp-Cyiran kanacer, Kasakcran

I'EKCEH-1 TUJAPJIEY PEAKIIUSICBIHJIAFbI KOITKOMIIOHEHTTI KAHKAJIBI
HUKEJIb KATAJIM3ATOPJIAPBIHBIH KATAJIMTUKAJIBIK ’)KOHE H3OMEPJIEY I
BEJICEHJALJIITTH 3EPTTEY

AnHoTanus. by xKyMpIcTa Katanu3aTtop MeJIIepiHiH, MOIM(PHUKAINSIIE KOCcTIajJap MEeH 0acTanKsl KyiiMaiap-
IBIH (pa3alblK KYPaMbIHBIH I'eKCeH-1 ruapiey peakLHsAChIHIAa KaHKaJIbl HUKEIIIH KaTaIUTHKAJIbIK )KOHEe H30Mepliey
OeNCeHIUTITIHIH ocepi 3epTTeNIi.
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Bapneik 3eprTTenTeH Karaim3aTtopiap YVIIIH MHTpalUsiiay MeH H30Mepiey IpOIecTepiHaeri eHIMAEPAiH
IIBIFBIMBI PEaKIHsl OPTACHIHA CHTI3UIMeH KaTadm3aTOpIbIH MOJIIEpiHe Toyenni exeHniri kepcerinreH. COHBIMEH,
KaTaM3aTop CalMarblHBIH ©CYIMEH TI'€KCeH-2 IWIBIFBIMBI ChI3BIKTBI Typae 0,5 © HUKenbre ICWiH apTTaibl, ai
peaKIsIHbIH 0acTamnKpl CaTBICBIHAA TEeKCeH-2 IBIFBIMBI 62%-ra >xetemi. Karammsatop canMarblHBIH OJaH opi
aptysiMeH (1 T Ni-re meftiH) rekceH-2 IbIFBIMBI TOMEHACH .

XpoMmaTorpadrsuIblK  TaJAaynblH HOTIDKenepi rekceH-1 ruapney kesimme -C = C- OaltaHBICTapBIHBIH
MUTpalusiay peakiusachiHaa MOAu(UKANUAIAHFAH KaHKAIbBI HUKEIb KaTajlu3aTOPIapbIHBIH JKOFAphl aKTUBTLIITIH
kepcetreni. Fe, Pd, Sn xone Ag momudukanuscel murpanusiay kodddurpentin (Kmurp) 0,66-nan 0,70-0,77-re
neitin apTTeipansl, an Ti, Mo, Ti-Mo koHe Zr Kocmanapsl OHBI iC KY3iHe ©3TepTIIeii.

Karanmzaropapry Oencenminmiri Oactamkel  kyiimara Cu, Zn, Pb, Ti-Mo, Mo, Bi, Ag, Mo-Cu
(W = 120-290 e’/ mun T Ni) MeTaniapsis eHrisreH Ke3Je orapbutaiisl, a Fe, Pd sxone Mn (W = 56-80 cv’/vun - g Ni),
an Ti, Zr oHe Sn KOMIOHeHTTepiniK ocepi mamaisl (W = 115-117 cm’/mun-g Ni).

Tyiiin ce3mep: Karanuzatop, THUAPICY, TeKCeH-1, KaHKAIBI HUKENi, OelICeiliK, CeMeKTUBTLIIK, MATPAIIIIAY,
Ky#ima.

K. K. Kanp6exos'?, C. M. Cyiim6aesa’*, . M. [lxxenabioaesa’, 3. T. Epmonauna’

" PI'TI Kasaxckuii HAMOHANBHBIN yHHBepCHTET UM. anb-Dapabu, Anmatel, Kasaxcran;
ZJIF T HUU Hoewix Xumuueckux TexHomoruit u Matepuanos, Anmatsl, Kazaxcran;
EHTp MeJaroruuecKux U3MepeHuil «Hazapb6aeB HTENIEKTYaNbHBIE HIKOIBD) -Cynran, Kazaxcran
3 AOO «Haszap6aes U Hyp-C K

UCCJEJOBAHUE KATAJIMTUYECKOM U U3OMEPHU3YIOIIEN AKTUBHOCTH
MHOT'OKOMITIOHEHTHBIX CKEJIETHBIX HUKEJIEBBIX KATAJIM3ATOPOB
B PEAKIINU T'NAPUPOBAHUS 'TEKCEHA-1

AnHoTanusi. B Hacrosimieli pabore HCCIIEOBAHO BIMSHHUE KOJIMYECTBO KaTalW3aTopa, MOAU(UIMPYIOIINX
J100aBOK U (ha30BOr0 cOCTaBa MCXOJHBIX CIUIABOB HA KATATUTUYECKYI0 M M30MEPHU3YIOILYI0 aKTHBHOCTh CKEJIETHOTO
HUKEJISl B PeaKIiK THAPOTeHU3aIns TeKceHa- 1.

[TokazaHo, 4TO [T BCEX MCCICIOBAHHBIX KATAJIM3aTOPOB BBIXOJ IMPOMYKTOB B MPOIECCAX MUTPAIMHA U U30ME-
pHU3aIMKi OYEHb CIJIBHO 3aBHCHUT OT HABECKHM KaTajdH3aTOpa, BHOCHMOW B PEaKIMOHHYIO cpedy. Tak, Hampumep,
BBIXOJl T€KCEHa-2 C YBEJIUYCHHEM HABECKH KaTajgu3aTropa JIMHEHHO Bo3pactaeT no 0,5 r HHKeNs, MpH 3TOM B
HavyaJIbHOM CTauM peakUuuH BBIXOJ rekceHa-2 gocturaet 62 %. [Ipu nanbHeiilieM yBeJIMUYEHUH HABECKU KaTalld3a-
Topa (1o 1 r Ni) BeIX0/1a rekceHa-2 yMeHbIIaeTCs.

PesynbraTsl xpomarorpaduyeckoro aHalin3a CBUICTEIBCTBYIOT O BBICOKON aKTUBHOCTH MOJU(HIIMPOBAHHBIX
CKEJICTHBIX HHUKEJIEBBIX KaTalu3aTopoB B peakiun Murpamuu -C=C- cBS3W TpH THAPUPOBAHWH TeKceHa-l.
Moauduuuposanue Fe, Pd, Sn u Ag ysennuusaet koaddunuenT murpainu (Kyyrp) ot 0,66 1o 0,70-0,77, a nobasku
Ti, Mo, Ti-Mo u Zr npakTHYecKH He H3MEHSIOT €TO0.

AKTHBHOCTb KaTaJM3aTOpa BO3PACTACT IIPH BBEACHUHU B MCXOIHBIN ciutaB metayuioB Cu, Zn, Pb, Ti-Mo, Mo, Bi,
Ag 1 Mo-Cu (W=120-290 cv’/munt Ni), a no6asku Fe, Pd u Mn ymensmaior ee (W=56-80 cv’/mun't Ni), B TO
BpeMsI KaK BIIHsHHE KoMmoHeHToB Ti, Zr n Sn HesHauntensro (W=115-117 cm’/mun't Ni).

KiroueBble cjioBa: KaTaau3aTop, THIPUPOBAHUS, TCKCCH-1, CKENEeTHBIH HHUKEIb, AKTUBHOCTD, CCICKTHBHOCTD,
MUTpalus, CIIaB.
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