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HYDROGENATION OF BENZENE IN BATCH REACTOR

Abstract. In this article is considered hydrogenation of benzene in liquid phase at
presence rhodium support catalyst.where as carrieris usedpillar structural montmorillonite
obtaining from bentonite clay..The degree of using an internal surface of porous system is
depended.of the size particles.Increase the concentration of chromium above 20 mmole per
gram of clay does not lead to the further growth of distance. It is probably connected by that
in a solution there are not hydrolized forms of chromium chloride which do not influence
formation pillar structures. Modifying montmorillonite minerals containing in bentonite
clay gives to them heat resistance. The specific surface of samples(containing 15-30 mmole
Cr3*) were defined after heat treatment at 180°C are 240-260 m?/g and increasing the tem-
perature up to 500-560°C decreases this value insignificant to 220-240 m?/r, accordingly.
Not modified bentonite clay lost their porosity at 140°C, and a specific surface made
20 m?/g.

Besides reaction of hydro-dehydrogenation of cyclic hydrocarbons a huge interest are
represented in hydrogen technology. Everyone mole of benzene and its derivatives atta-
ching of three and more quantities of hydrogen, and are unique objects at storages and
transportation of hydrogen. Thereby, necessity to develop of catalysts of hydro-dehyro-
genation also follows under rather soft conditions. developed rhodium support catalyst for
hydrogenation of benzene and defined the factor of efficiency using the internal surface of
porosity systems. Presence of water in hydrogenated system leads to phasic course of
restoration of benzene on a surface of the catalyst with formation cyclohexane and cyclo-
hexene. The received experimental results expand a circle of data in the field of hydro-
dearomatization motor fuels, especially transformations of aromatic hydrocarbons cyclo-
alkans.

Keywords: hydrogenation, benzene, liquid phase, rhodium, catalyst,cycloalkane.

Introduction. Decrease in the maintenance of aromatic hydrocarbons,
especially benzene in motor fuel is an actual and urgent problem. Toxic action of
benzene and a product of its incomplete oxidation benzpyrene - cancerogenic
substance accumulated in an environment, renders negative influence on safety of
ability to live of people and fauna [1]. Necessity to improve technology of oil
refining and its separate stages for reduction of the maintenance of benzene and its
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derivatives. One of such processes is catalytic hydrodearomatization-transfor-
mations of aromatic hydrocarbons tocyclohexane and its derivatives. However, the
maintenance in oil distillates heterocyclic compoundswhich deactivate catalysts,
demand their perfection and more detailed studying of the mechanism catalytic
transformation of hydrocarbons [2-8].

Besides reaction of hydro-dehydrogenation of cyclic hydrocarbons a huge
interest are represented in hydrogen technology. Everyone mole of benzene and its
derivatives attaching of three and more quantities of hydrogen,and are unique
objects at storages and transportation of hydrogen. Thereby, necessity to develop
of catalysts of hydro-dehyrogenation also follows under rather soft conditions.

The aim of the present work was studying the hydrodearomatization of
benzene-the component of motor fuels at presence rhodium support catalysts where
as carrier is used pillar structural montmorillonite obtaining from bentonite clay.
Pillared clays have significant potential for application in industry and in
petrochemistry but relatively few studies of these types of materials have been
carried out [ 9].

EXPERIMENTAL PART

Catalysts and their preparations. For preparation rhodium support catalyst
(0,5-1,0 mass. % Rh) was used chloride of rhodium-RhClIs-3H-0, as a carrier was
used modifiedbentonite clay. For modifying natural clay topillar structural form
were used polyhydroxocomlexes of chromium [5].

To aqueous solution of chloride chromium gradually flowed the solution of
sodium hydroxide at gradual hashing up to pH~3-4. Concentration of chloride
chromium was paid off proceeding from calculation 5-30mmole Cr3* per gram clay.
Suspension bentonite (~1,0 mass. %) received by intensive hashing it in water
during 4 h, pH-water extract of clay makes -8-9. Acidity of environment supervised
by means of digital pH meter OP-208/1. In order to prevent coagulation of a
solutionpolyhydroxocomlexes of chromium, it was slowly added to suspension of
clay. «Reserve of basicity » Cr®*:’OH-allowing to prevent coagulation chloride of
rhodium made 1/3. After endurance processed suspensions of clay during 24 h, a
deposit was washed by water and condensed.The sample, after separate from a
liquid phase, dried at first at the room temperature, and then at 110°C (2h) with the
subsequent rise the temperature up to 180°C (4h). After cooling the firm mass was
pounded to a powder, it was sifted in fractions with the certain sizes of particles.
Fractions of particles modifying clay in the further was impregnated with aqueous
solution o rhodium-RhClz-3H.0 (0,5-1,0 mass% Rh ). The received dense mass
was dried on a water bath, then subjected heat treatment during 6 h at 180°C.

Definition of catalytic activity. Before experience sample ofthe catalyst 0,1g
was reduced by hydrogen at 250 °C during 4 h. After reduction the catalyst was
cooled in the environment of hydrogen up to a room temperature and under a layer
of cyclohexane was transferred to a steel autoclave with working capacity 100 cm?®
the supplied by mixer and a sampler. For the hydrodearomatization is taken 50 cm?®
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mixture of benzene and cyclohexane/V (benzene:V(cyclohexane) = 1:1/ Dilution
by cyclohexanewas made for dispersion of heat allocated athydrogenation of
benzene and aspiration process to spend in conditions of ideal mixture. Initial rate
of hydrogenation was defined bydifferential graphic method fromthe change
concentration of benzene independence of time.Pressure of hydrogen was measured
by a manometer and varied in an interval 0.5-6.0 MIIa, and temperature of reactions
changed from 120 up to 200 °C.

X-raying analyse of samples was obtained on diffractometer using CuK -
radiation. A specific surface of catalysts it wasdefined by adsorption method.

The analysis of reaction products were spent by Chrom-4. Length of a column
is 3 m,diameter - 3 mm filled by firm carrier « Chromaton-N» processed with liquid
phase « Polyethylenglycol adipate» (15 % mass. of the carrier).

Temperature of a column 100°C, temperature of the evaporator 150 °C. Gas
carrier-argon, velocity of the gas ocarrier - 50 cm®minute. 0,50-0,54 cm?/g,
interlaminar distances doo: from 0,90 up to 2,04 nanometers.

RESULTS AND DISCUSSION

Usingadsorbents of pillar structural form in catalyseand sorbtion processes
was an incitement for development of methods of their synthesis and their reception
from natural clay. Table 1 shows some physical characteristics ofrhodium support-
catalyst were as carrier is served pillar structural montmorillonite containing
inbentonite clay received from the South-Kazakhstan area of Republic Kazakhstan.
Modifying bentonite clay by polyhydroxocomlexes Cr(l11) leads to growth of a
specific surface from 64 up to 260 m?/g, total volume of porous from 0,18 cm®/g
up to 54 cm®/g, interlaminar distances from 0.90 up to 2.04 nm.

Table 1 — Some parameters of pillar structural montmorillonite modified by chromium

The maintenance S, dooznano | Total volume Loss of thermostability
of ions chromium, m/g meter of porous,
mmole/g.clay cmd/g T°C Ssp,m?/g

- 64 0,90 0,18 140 20
5 130 1,30 0,40 360 80
10 160 1,60 0,46 440 110
15 240 2,02 0,50 500 220
20 260 2,04 0,54 560 240
30 240 1,90 0,51 500 230

The maximal distance 2,00-2,04 nanometers corresponds to concentration of
chromium about 15-20 mmole per gram of clay where between the layers settle
down polyhydroxocomplexions of chromium [6].

Increase the concentration of chromium above 20 mmoleper gram of clay does
not lead to the further growth of distance. It is probably connected by that in a
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solution there are not hydrolized forms of chromium chloride which do not in-
fluence formation pillar structures. The similar phenomenon with polyhydro-
xocomplex ions of iron (I11) also was revealed in [7]. Modifying montmorillonite
minerals containing in bentonite clay gives to them heat resistance. The specific
surface of samples(containing 15-30 mmole Cr*) were defined after heat treatment
at 180°C are 240-260 m?g and increasing the temperature up to 500-560°C
decreases this value insignificant to 220-240 m?%r, accordingly. Not modified
bentonite clay lost their porosityat 140°C, and a specific surface made 20 m?/g.

Received modified montmorillonitewas used for preparation rhodium support
catalysts (0,5-1,0 mass. % Rh) which was used for hydrogenation of benzene.

The specific surface of support catalysts are enoughand firstly were defined
influence of an internal surface of catalysts to the hydrogenation rate of benzene.In
order to was defined a criterion Tyle -Zeldovich which directly proportional to the

resulted radius of the catalyst
k
=R, |—,
#=R,, D

where R ¢ — the resulted radius of particles of the catalyst (for spherical particle
Ro=R/3); k — a constant of rate of reaction; D — effective factor of diffusion of
reacting molecules on a surface inside of porous

For gases the factor of diffusion has the order of 0,1 cm?/sec, and for liquid
molecular diffusion -10-° cm?/sec. [8]. On their data, the factor of diffusion for gas
dissolved in a liquid has the same order, as for the liquid of 10° cm2/sec. At 120°C
saturated vapor pressure of benzene, is equal 2 bar. Fugacity of benzene vapor in
this condition is equal f ~ 0,80 bar. Activity coefficient of liquid benzene at 120°C
and 40 bar is equal 0.95. At the general of pressure of system 40 bar fugacity of
benzene is equal to 38 bar. Constant of phase balance: k=47.5 which allows to
judge that benzene is basically in a liquid phase Constant reaction rate of
hydrogenation of benzene was defined at presence of a powder of the catalyst with
the average size of particles about 0,1 mm which has value 2,3 10 sec 1. The factor
of efficiency - a degree of use of an internal surface is defined from the relation
the/g, and the value of the calculated by equality:

@ =[exp@)-exp(-@)1/ [exp(¢) + exp(-¢)] .

The calculated values of parameters for hydrogenation of benzene at presence
of porous catalysts are shown in table 2.

Data of table 2 shows, that using the catalysts with average diameter of artic-
les about 1 mm the factor of efficiency is 0.86 and at 2 mm - 0,63. On the basis of
these data, it is possible to conclude thatthe internal surface of system is used
effectively, at the size of particles of catalysts less than 0.8 mm.

For the subsequent experiences at the hydrogenation of benzene were used
catalysts with the average size of particles less than 0,4 mm. As experiences were
spent at intensive hashing (2000 rev/min) the influence of external diffusion can be
neglected.
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Table 2 — Change the factor of efficiency from the size of particles on the 0,5 % Rh/carrier
Condition: m (kt) =0,1 g, t = 120°C, P (H2) = 40 bar., C(benzene) = 2.8 mol/L

The average size of diameter of particles of the catalyst, mm 0] th ¢ 9
0,2 0,13 0,14 0,99
0,4 0,31 0,30 0,98
06 0,47 0,44 0,94
0,8 0,62 0,55 0,90
1,0 0,75 0,64 0,86
2,0 1,56 0,97 0,63

-+ W*lO,2 Monb/n*c

240 —

2,00

1,60

Condition: t = 120 °C; P(Hz2) = 40 bar. C(benzene) = 2.8 mol/L
Figure 1 — Change of rate hydrodearomatization as a functionof of the size catalyst particles

At the hydrogenation of benzene, in the studied conditions, the unique product
of reduction was cyclohexane.

The change acidity of support catalysts often leads to change its selectivity.

Well-known, preadsorbed water promotes formation variety acid and basicity
centers of surface [3].

Next experimentation carry on to figure out the influence of water to hydro-
genation of benzene at presencesupport catalysts where as carrier is used pillar
structural montmorillonite modifyingby polyhydroxocomplex chromium. Results
of hydrogenation of an aromatic ring are presented in table 3.

From table 3 follows, presence of water in system at hydrogenation of benzene
on 20 minute of process leads to formation of 6 % mass cyclohexeneand 28 %
mass.of cyclohexane . The further increase in volume of water leads to reduction
of an output of products of hydrogenation.

In our opinion, the aromatic ring, after connection of four atoms of hydrogen
is hydrogenated up to cyclohexane not leaving a surface of the catalyst. Alongside
with it, it is possible to believe, formed cyclohexeneis superseded by molecules of
water [10-12].
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Table 3 — Hydrogenation of benzene at presence of water on 0,5 % the Rh/carrier.
Condition: m (kt) =0,1r, t=120°C, P (H2) = 40 atm.

Initial mix, Output of products of hydrogenation (% mass.) on time, minute
ml CsH1o ‘ CeH12 CsH1o | CeH12 CsH1o ‘ CeH12
CeHs | CeHis H20 10 20 30

25 25 - - 30 - 58 - 74
25 20 5 25 20 4,0 36 3,0 48
25 15 10 3,0 18 6,0 28 5,0 41
25 10 15 2,0 14 3,0 24 3,0 30
25 5 20 1,0 10,0 2,0 14 2,0 18

The given circumstance testifies in favour of consecutive connection of
hydrogen to aromatic ring.

However, in reactionary system the formation of cyclohexadiene which should
be superseded also by molecules of water from the surface of catalyst is not obser-
ved. Probably, velocity of hydrogenation of cyclohexadiene prevails its desorption.
Alongside with it it is possible to believe, that formation intermediate cycloolefines
promotes character of adsorption of benzene which can be carried out in the form
of plane and costal orientation. Combinations of the support rhodium catalyst at
presence of molecules of water creates favorable conditions to destruction - elec-
tronic system of an aromatic ring, focusing costal adsorption of benzene. Probably,
in structure of the activated complex benzene participates with 4p-electrons of rings
which subsequently attaches four atoms of hydrogen. The given assumption does
not contradict 18-electronic rule [13].

Conclusion. Thus, it is developed rhodium supportcatalyst forhydrogenation
of benzene and defined the factor of efficiency using the internal surface of porosity
systems. Presence of water in hydrogenated system leads to phasic course of
restoration of benzene on a surface of the catalyst with formation cyclohexane and
cyclohexene. The received experimental results expand a circle of data in the field
of hydrodearomatization motor fuels, especially transformations of aromatic hydro-
carbons cycloalkans.
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A. Kupeusbaesa, b. Xaccankxooocaesa

INEPUOATBHI PEAKTOPIA BEH3O0JIIbI TUAPOT'EHU3AIIUAJIAY

Kenripinren crarbsina TachIMaaFbllIKa OTHIPFBI3BUIFAH POJUN KaTallM3aToOphl Ka-
TBICBIH/IA CYHBIK (pazana OeH30J11bI THAPOreHU3aLMsIIAY KaKapacTelpbluFad. Taceimania-
FBIII peTiHAe OCHTOHMUT Ca3blH KYPaWThIH MOHTMOPWIJIOHMT MHUHEpaJbl Iaii/IajibIHa/IbI,
BeHTOHHT ca3bIHa KeyeKTi KypbUIbIM Oepy YIIiH HOJHUIOJPOKCOKOMIUIEKC TY3ETIH XpOM
noHapsl naiaanansuFad. KeyekTi KypblabM amy OapbIChIHZIA 9pOip rpaMM TOIBIPAK ca-
3prHa 20 MMOITE XpOM HOHBIHBIH MOJIIepi )KeTKUTIKTI. KOHIIeHTpaIisHbl apTTRIpy Oaphl-
CBIH/Ia XPOMHBIH THAPOJIM3Te YIIBIPAHTBIHABIFE eCKepiIreH. MOHTMOPHIUIOHUTKE Oepii-
TeH KEyeKTi KYPBUIBIM TachIMAJJaFbllll OOWBIHA TEPMUSIBIK TYPAKTBUIBIK JKOHE OHBIH
MEHINIKTI ayjgaH OeTiHiH apTyblHa cebemmi Gonambl. Kypampeimga 15-30 mmons Cr3*
Meepi 6ap keyekTi KypbulbiMabl 6eHTOHUTTI 180 °C TemmepaTypachiHIa KbI3IBIPYFa
YUIBIPATHII OHJACT€HHEH COH OHBIH MEHIIKTI ayiaH Geri 240-260 M%/T, maMachkH, ai
temneparypansl 500-560 °C neiiin xorapbuiaTKanaa, mamana rana 220-240 M?/r, mama-
ChIHAa ©3repeTiH/Ir aHbIKTalIFaH. OHJeJIMereH OEHTOHUT Ca3 TOIBIPAKTaphl KEYEeKTiTiK-
tepin 140°C TemmeparypachiHaa KbI3AbIPFaH/Ia )KOFAITabl oHe 0yt 20 M%/T mamMaceIHIa
6onanel. KeyekTi KypbUIBIMHBIH IIIKI KybIC OETTEpiH MaiijianaHy, ajblHFaH OeJIeKTep-
IIiH eJImeM TypiHe OaimaHbICTH O0Nansl. ATalbIHFAH THAPIIEY — ACTHAPICY peaKIusIaphl
ra3 KYHiHAET1 CyTeKTi TachIMaliay JKOHE CakTay MoceseliepiMeH alHaBICAThIH CYTEKTiK
TEXHOJIOTHUS CaaChIH J1a KaTTHI KBI3BIKTHIPYIa. ApOMAaTTHl CaKHHAHBIH opOip MO e3iHeH
YII ece KOl MeJNIIepAeri CyTeriHi KypaMbIHA KOCHII amansl. JleMek, THIMII TeXHOIOTHs-
JIBIK JKaFJaiapaa THApIey YACPIiCiH Ky3ere achIpy YIIiH XUMIBUIBIK ©3TepiCTepAi OHTalIbI
KYPTi3eTiH KaTajam3aTropiap >KyHeJepiH ally *oHe oJapAbl CHHTE3Aey Maceneepi TyBIH-
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Jaiapl. ATanFaH Maceselepli IISIly >KOJIBIHAA TachIMaJIJarblill OETIHE OTBHIPFBI3bLIFaH
POJMIA KOCBUIBICTaphl KapacThIPbULABL. AJIBIHFAH KaTalu3aTopJIap/bIH iIIKi KybIC OeTTepiH
nalJananyibl CUMAaTTaUTBIH KOA(MQUIMEHT IIamMachl aHbIKTAIBIHABL YJEpicTi XKyprisy
OapbIChIH/A OpEKeTTeCy JKYHECIHAE a3/iaraH ¢y OOJTybl XUMHUSUIBIK PEaKLUSHBIH [IUKIIOTeK-
CCeH apKbUIbl CaThlaln OTETIHAITH KepceTeai. AJIIHFaH MAJIIMETTEpP apOMAaTHKAJIbIK CaKu-
HaJIbl KOCBUIBICTAPBl CYTEKIICH KaTalIu3aTop KATHICHIHAA [HKIOAJKaHIapFa alHaIbIpy
TYPFBICBIH/IAFBI MOTIMETTEepl KCHEHTEI.

Tyiiin ce3aep: runpiey, 6eH301, CYHBIK (aza, peakTop, poauii, KaTalIn3aTop, IIHKIO-
aJIKaH.
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I'MIPOTEHALIMA BEH3O0JIA
B PEAKTOPE INEPUOANYECKOI'O JEMCTBUA

B cratbe paccMmarpuBaeTCs THIPHPOBaHUE OCH30JIa B KUAKOU (pa3e B MPUCYTCTBUH
HAaHECEHHOTO POAMEBOTO KaTaiun3aTtopa. B kauecTBe HOCHUTEIS UCIIONB3YETCS CTOIOYATHINA
CTPYKTYPHBI MOHTMOPHIUIOHHT, TOJy4aeMbI U3 OCHTOHWTOBOH TNUHEBI. [loBhITIeHHE
KOHIIGHTpaluy XpoMma Beimie 20 MMOJIb Ha TpaMM TJIMHBI HE MPUBOIUT K JajbHEHIIEMY
POCTy paccTosiHus. BeposTHO, 3TO CBsI3aHO C T€M, YTO B pAaCTBOPE OTCYTCTBYIOT THAPOJIHU-
30BaHHBIE (POPMBI XJIOPHIa XpOMa, KOTOPhIE HE BIUSAIOT Ha (POPMHUPOBAHKE CTOJIOYATHIX
CTPYKTYyp. Moaudukanus MUHEPAIOB MOHTMOPWIUIOHHTA, COJEPKAIINXCS B OCHTOHH-
TOBOI1 INIMHE, IPUJAET UM TEPMOCTOMKOCTh. Y IeNbHasl TOBEPXHOCTh 00pa3LoB (coaepika-
mux 15-30 mmois Cr¥*), onpenenennas nocie tepmMootpadotku npu 180 °C, cocrasnser
240-260 m?/t, a moBbImeHNe Temuepatypsl 10 500-560 °C cHmKAeT 3To 3HAYEHHE HE3HA-
gurensHo 10 220-240 M2/T, cootBeTcTBeHHO. HemMoanuduuupoBanuas 6eHTOHUTOBAS TIIMHA
noTepsia nopuctocTs npu 140 ° C, a yaenbHas NoBepXHOCTh cocTauia 20 M%/r. CTeneHb
HCTIONB30BaHMUs BHYTPEHHEW MOBEPXHOCTH ITOPUCTOM CHCTEMBI 3aBHCHT OT pa3Mepa dJac-
TU1. Peaknum ruapupoBaHus — AETHAPUPOBAHIS IUKIHIECKUX YTICBOAOPOIOB OTPOMHBIN
HHTEpPEC NPEACTABIAIOT B BOJOPOIHOM TEXHOJOTMH ISl COXPaHEHHS Ta3000pa3HOTO
Bosopoaa. Kaxplit Mo OEH30J1a 1 €r0 IIPOU3BOJHbBIE IPUCOETUHSIOT TPU U O0Jiee KOJH-
4YecTBa BOJIOPOJIA, U SBISICTCS YHUKATBHBIM OOBEKTOM MPU XPAHCHUU U TPAHCIIOPTHPOBKE
razoo0pasHoro Bogopoja. Takum oOpa3oM, HEOOXOIUMOCTh Pa3pabOTKH KaTaJM3aTOpPOB
THIPOJCTHIPUPOBAHUS TalkKe BO3HHUKACT B JIOCTATOYHO MSTKHX YCIIOBHsX. Pazpaboran
POJMEBBI HOCUTENb KaTaju3aTopa Uil TWApPHpOBaHMs OeH3oia M omnpexaeneH koaddu-
LIUEHT MOJIE3HOr0 NECUCTBUS C UCIOIb30BAHUEM BHYTPEHHEN IOBEPXHOCTH IIOPUCTBIX CUC-
TeM. [IprcyTcTBHE BOJBI B THAPOTCHU3UPOBAHHON CHCTEME IMPUBOAMT K TIOATAITHOMY TIPO-
IIECCY BOCCTAHOBIICHHs OCH30J1a Ha IMOBEPXHOCTH KaTalM3aTopa ¢ 00pa3oBaHMEM IUKIIO-
TeKCaHa W IUKJIOTeKceHa. [loydeHHBIe JKCIepHMEHTANbHBIE PEe3yNbTAThl PACIIUPSIOT
KpYT MaHHBIX B 00JAaCTH THIPOAECAPOMATH3AIWH MOTOPHBIX TOIUIMB, OCOOCHHO IpeBpa-
IICHAH apOMAaTHYECKUX YTIIEBOJIOPOIOB B IIUKIIOAKAHBL.

KiroueBble coBa: ruapupoBaHue, OCH30M, XKHUIKas (as3a, peakTop, pOIwid, Kara-
JU3aTOP, IIUKIJIOATIKAH.
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