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HYDROGENATIONOF ACETYLENE COMPOUNDS
ON MULTICOMPONENT RANEY NICKEL
(SKELETON CATALYST)

Abstract. This work presents the results of a study of the catalytic activity and selec-
tivity of multicomponent Raney nickel in the hydrogenation of phenylacetylene and hexine-
2.Hexin-2 is hydrogenated on Raney nickel selectively and stereospecifically, with the
formation of mainly cis-hexene-2. The activity, selectivity and isomerizing ability of
modified Raney nickel obtained from Ni-Al-Me and Ni-Al-Me; -Me; alloys (where Me-Cu,
Ag, Zn, Ti, Zr, Sn, Pb, Ta, Bi, Cr, Mo, Mn, Fe, and Pd) in the reactions of hydrogenation
of phenylacetylene, hexin-2 substantially depend on the nature of the additives introduced
into the Ni-Al alloy.In hexin-2 hydrogenation reactions, multicomponent Raney nickel
exhibit high stereociphicity. The yield ratio of cis-hexene-2 / trans-hexene-2 is 16-25,
depending on the nature of the modifying additive.

Keywords: acetylene compounds, phenylacetylene, hexine, hexane, hydrogenation,
Raney nickel, catalytic “bedpan”, modifying additives, activity, selectivity.

Introduction. One of the large-scale processes of petrochemicals and oil
refining is the catalytic hydrogenation of unsaturated hydrocarbons. Hydrogenation
processes have become urgent due to the presence in the olefin gas molasses of
impurities of acetylide and diene hydrocarbons, the removal of which is an
important task.Although a number of liquid purification processes using solvents
for the selective removal of acetylene hydrocarbons have been developed, their
selective catalytic hydrogenation is more economical [1].

Currently, various supported catalysts are used in industry as selective hydro-
genation catalysts to increase the surface of the active component, prevent sinte-
ring, and save expensive metal. Platinum group metals: Pt, Ph, Ru, Pd supported
on carriers are used as active components of supported catalysts for hydrogenation
of multiple carbon-to-carbon bonds.In addition to the platinum group metals,
copper, cobalt, nickel, applied to various media.Despite the high selectivity of
hydrogenation, the use of catalysts containing noble metals increases the cost of the
process. The most applicable is a nickel-based hydrogenation catalyst having high
activity and relatively low cost compared to noble metal catalysts [2].

Multicomponent Raney nickel successfully used in various hydrogenation
processes are recognized as highly effective from an industrial point of view. This
is due to: high activity and selectivity; simplicity of preparation and regeneration;
stability in work, resistance to poisoning.Intensive studies of recent years have
shown that the modification of Raney nickel with various metals makes it possible
to control the properties of the catalyst in a wide range [3].
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Alloying nickel-aluminum alloys with additives of various (s-, p-, d- and f-)
metals makes it possible to control the activity, stability, and specificity of the
action of skeletal catalysts obtained from them in the reactions of hydrogenation of
organic compounds. For a particular catalytic hydrogenation process, the intro-
duction of additives in a certain ratio of Ni:Al:Me is optimal.

EXPERIMENTAL PART

A portion (0.4-0.8 g) of crushed, powdery alloy, fraction 0.06-0.20 mm (alloy
composition is given in table) was treated with a 20% KOH solution at a tempe-
rature of 96 C, in boiling water bath for 2 hours. Washing of the water obtained
from alkali was carried out by distilled water by decantation 4-5 times, until a
negative reaction to OH™- ions in the wash water. Then, the catalyst was washed
with a solvent in which hydrogenation (ethanol) was carried out.

Hydrogenation of phenylacetylene and hexin-2 on multicomponent Raney nickel in ethanol

Content of phenylacetylene hexin-2

Alloy .

composition Ni-Al-Me w w AEi K w AEi Ks
wt.% c=C | c=C " * C=C "

Ni-Al 50-50 68 82 330 | 0.82 107 270 | 0.91
Ni-Al-Cu 40-55-5 100 210 180 | 0.89 140 190 [ 0.96
Ni-Al-Cu 30-60-10 100 240 160 | 0.89 209 170 | 0.97
Ni-Al-Ag 48-50-2 82 130 310 | 0.88 137 280 | 0.93
Ni-Al-Zn 43-44-13 117 258 170 | 0.89 160 200 | 0.96
Ni-Al-Zn 28-36-36 126 290 160 | 0.90 283 200 | 0.96
Ni-Al-Ti 47-50-3 97 134 350 | 0.87 110 310 | 0.94
Ni-Al-Zr 45-50-5 56 89 300 | 0.86 94 260 | 0.90
Ni-Al-Sn 45-50-5 67 95 340 | 0.89 97 280 | 0.93
Ni-Al-Pb 40-50-10 63 156 260 | 0.91 200 230 | 0.96
Ni-Al-Ta 45-50-5 133 222 330 | 0.89 189 290 | 0.95
Ni-Al-Bi 45-50-5 69 128 320 | 0.90 175 250 | 0.95
Ni-Al-Cr 47-50-3 70 84 290 | 0.84 116 300 | 0.95
Ni-Al-Mo 45-50-5 69 111 350 | 0.85 118 280 | 0.91
Ni-Al-Mn 40-50-10 34 50 290 | 0.83 58 310 | 0.89
Ni-Al-Fe 45-50-5 25 47 260 | 0.85 60 280 | 0.91
Ni-Al-Pd 48-50-2 68 89 360 | 0.88 90 300 | 0.93

Ni-Al-Ti-Mo 44-50-3-3 72 100 290 | 0.87 132 260 | 0.90
Ni-Al-Mo-Cr 44-50-3-3 75 112 280 | 0.88 92 270 | 0.92
Ni-Al-Cr-Cu 42-50-3-5 95 160 310 | 0.88 152 290 | 0.96
Ni-Al-Ti-Cu 42-50-3-5 69 110 270 | 0.86 113 250 | 0.92
Ni-Al-Ti-Cu 42-50-3-5 72 83 330 | 0.81 75 280 | 0.90
*W — activity of the catalyst, cm® min.g Ni; AEi. — initial shift of the catalyst potential,

mV; Ks — selectivity coefficient.
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Hydrogenation was carried out in thermostabilizedcatalytic "bedpan™ [4,5] at
atmospheric pressure and a temperature of 20 °C. The reaction rate (the amount of
absorbed hydrogen per unit time, cm®/min) and the catalyst potential (mV) relative
to the calomel reference electrode were recorded simultaneously according to the
procedure [4,5]. Before the reaction, the catalyst was saturated with hydrogen in a
solvent (volume 25 cm?®) until a reversible hydrogen potential was established.
Hydrogenation was carried out in kinetic mode (700-800 swings / min).

In this paper we have studied the catalytic activity and selectivity of multi-
component Raney nickel in the reactions of hydrogenation of phenylacetylene and
hexin-2.

RESULTS AND DISCUSSIONS

The activity of multicomponent Raney nickel during the phenylacetylene
hydrogenation (table) depends on the nature of the modifying additives.The
introduction of Ta, Zn, Cu, Mo-Cu, Ti and Ag into the alloy leads to an increase in
Raney nickel activity (Wc = c = 82-133 ¢cm®/ min.g Ni).Additives Zr, Mn and Fe
reduce it (Wc=c = 25-56 cm® min.g Ni).Cr, Pd, Sn and Ti-Cu do not significantly
affect the activity of the catalyst (Wc -c = 67-72 cm® min.g Ni).

The introduction of most modifying additives is associated with an increase in
selectivity with the exception of Cr, Mn, and Ti-Cu (Ks = 0.81-0.84. Wc=c / Wc -
¢ =1.2-1.4).The greatest effect falls on Pb, Bi, Zn, Cu, Sn, Ta, Pd, Mo-Cu and Mo-
Cr (Ks = 0.88-0.91 Wc = ¢ / Wc = c= 1.5-2.4).The potential shift AEc - ¢ depending
on the nature of the additive varies between 160-360 mV. On catalysts modified
with Cu Zn, AEc =c is 160-180 mV, while Mo, Ti and Pd increase the adsorption
strength (AE = 350-360 mV).

Hydrogenation of phenylacetylene in hexane proceeds at a lower rate and
selectivity than in ethanol.

Hexin-2 on Raney nickel is hydrogenated selectively and stereospecifically,
with the formation of predominantly cis-hexene-2.

The potentiometric data (table) indicates strong adsorption of hexin-2 on
multicomponent Raney nickel (AE = 230-310 mV), with the exception of Ni-Cu
catalysts (AE = 170-190 mV).The metals Zn, Pb, Cu, Ta, Bi, Mo-Cu, Ag and
Ti-Mo are effective additives that increase the activity of the catalyst by 1.3-
2.8 times (Wc¢=c = 132-283 cm®/ min.g Ni) / Ti, Zr and Cr-Cu almost do not change
it (Wc=c = 94-113 cm® min.g Ni), while Mn and Fe have a negative effect
(Wc=c =94-113 cm® min.g Ni).The nature of the modifying additives significantly
affects both selectivity (Ks = 0.89-0.97 depending on the nature of the element) and
the non-isomerizing ability of the catalyst (cis-hexene-2 / trans-hexene-2 = 16-25).

Thus, the activity, selectivity and isomerizing ability of modified Raney nickel
obtained from Ni-Al-Me and Ni-Al-Mei-Me; alloys (where, Me-Cu, Ag, Zn, Ti,
Zr, Sn, Pb , Ta, Bi, Cr, Mo, Mn, Fe and Pd), in the reactions of phenylacetylene
hydrogenation, hexin-2 significantly depend on the nature of the additives
introduced into the Ni-Al alloy.
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A sharp decrease in the potential shift of the catalysts (AE) in the second half
of the processes during the hydrogenation of phenylacetylene and hexin-2 on multi-
component Raney nickel (table) indicates a higher adsorption of alkynes compared
to intermediate alkenes on the surface of the catalysts [4-6]. This is probably due
to the high selectivity of hydrogenation of alkynes: Ksphenylacetylene = 0.81-0.91,
Kshexinz = 0.89-0.96, depending on the nature of the modifying additive:
solvent-ethanol (table). The observed pattern on the studied catalysts:
Kshexin-2<Ksphenylacetylene, 1S apparently associated with a different effect of the kinetic
factor (Kstyrene/ Kphenytacet>Kcis-, trans-hexene-2 / Knexin-2) 0N selectivity processes [6].

Judging by the value of the shift in the catalyst potential AE (table), the zero
order in acetylene hydrocarbons, we can conclude that these compounds displace
both hydrogen and the solvent from the surface of the catalysts [5].The reaction is
limited by the activation of hydrogen.The hydrogenation processes of [4] alkynes
can be attributed to those implemented by the 111 mechanism. Sokolsky.

The process of interaction of alkyn-2 with hydrogen in general terms reflects
the scheme proposed in [7, 8]:

+2H: (a)
» R-CH,-CH:-R
+ H: () ’T‘ +H
R-C=C-R *» cis -R-CH=CH-R’
fE @ N

*  isomeric n-alkanes

Hydrogenation of hexin-2 on multicomponent Raney nickel proceeds
stereospecifically, with the formation of mainly cis-hexene-2 (figure). In the first
half of the process, in the presence of hexin-2, trans-hexene-2 and hexane are
formed in small quantities (1-2%). By the moment of absorption of 1 mole of
hydrogen, the content of cis-hexene-2 reaches a maximum (77-90%, depending on
the nature of the modifying additives).Thus, the maximum cis-isomer content on a
skeletal catalyst made of Ni-Al-Cu alloy (40-55-5%) is 86%, on Raney nickel —
77%.The stereospecificity, characterized by the ratio of cis-hexene-2 / trans-
hexene-2, is 16-25 on catalysts with various modifying additives. The greatest ste-
reospecificity is shown by catalysts containing Cu, Mo-Cu, Pb, Ta, Zn, Bi and Cr.

After the disappearance of hexin-2 from the reaction mixture, the cis-hexene-
2 content curve changes sharply, because cis-trans-isomerization proceeds along
with saturation. Hexane and trans-hexene-2 accumulate at close rates (figure). The
isomerization coefficient of hexene-2 (Kisom,) varies from 0.65 to 0.72, depending
on the nature of the modifying additive.

According to the reactivity, the starting and intermediate compounds can be
arranged as follows: hexin-2> cis-hexene-2> trans-hexene-2.

A comparison of the data of chromatographic studies of the hydrogenation of
hexin-2 and hexene-1 (table) allows a deeper understanding of the mechanism of
cis-trans-isomerization.Hydrogenation of hexine-1 from the very beginning of the
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Diagrams of the composition of catalyzate

process is accompanied by the formation of cis-hexene-2 and trans-hexene-2, with
the amount of trans-isomer prevailing.In the presence of hexene-1, there is no delay
in isomerization, in contrast to strongly adsorbed hexin-2 [4, 9]. The conditionality
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of isomerization processes by the presence of tightly bound hydrogen is confirmed
by the data [10], which indicate a strong decrease in the yield of hexene-2 (and the
bond migration coefficient -C=C-) with a decrease in the weight of the Raney
nickel.

Conclusion. The activity, selectivity and isomerizing ability of modified
Raney nickel obtained from Ni-Al-Me and Ni-Al-Me;-Me; alloys (where Me-Cu,
Ag, Zn, Ti, Zr, Sn, Pb, Ta, Bi, Cr, Mo, Mn, Fe and Pd), in the reactions of
hydrogenation of phenylacetylene, hexin-2 significantly depend on the nature of
the additives introduced into the Ni-Al alloy.

In the hydrogenation reaction of hexin-2, multicomponent Raney nickel
exhibit high stereociphicity. The yield ratio of cis-hexene-2/trans-hexene-2 is 16-
25, depending on the nature of the modifying additive.
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Pe3iome
K. Kauivipbexos, 1. M. [locenowvibaesa, C. M. Cyiimbaesa, I1I. Capuesa

ALETHIJIIEH KOCBUIBICTAPBIH KOIT KOMITOHEHTTI
KAHKAJIbI HUKEJIBAI KATAJIM3ATOPJIAPJA TUJIPJIEY

JKympicTa (eHMIaneTHIEH MEH TeKCHH-2 THIpJEY peakuusUIapbIHAArbl KOm KOM-
MOHEHTTI HUKEJbJl KaTallu3aTopJap/blH KaTAIMTHKANIBIK OCJICEHIUIIIT MEH TalFamIias-
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JIBUTBIFBIH 3€PTTEY HOTHXKeNepi KenrtipinreH. I'ekcuH-2 Hukenb Peneline xebiHece Iuc-
reKceH-2 Ty3€ TaJFaMIias3/ibl )KOHe cTepeocenuprKanbik ruapiaeneni. Ni-Al-Me xone Ni-
Al-Mel-Me2 kyiimanapeiaan (me-Cu, Ag, Zn, Ti, Zr, Sn, Pb, Ta, BI, Cr, Mo, Mn, Fe xone
Pd) anpiaran TypAaeHmIpiATeH KaHKAIBI HUKEIbII KaTalu3aTopap/IblH OCJICEH I, Taj-
FaMIIa3/IbUTBIFBI XKOHE H30MepIeHTIH Kabineri Ni-Al KyliMachlHa SHTI31ICTIH KOCTIATapIbIH
TaOuraThIiHa OaiimaHbICTEL. [ eKCHH-2 TUApIICY peakIusuIapbiH/Ia KO KOMIOHCHTTI KAHKAJIBI
HUKEJbJII KaTaju3aTopiap >KOFapbl crepeolrduKkanblk kepineni. Lluc-rekceH-2/rpaHc-
TeKCCH-2 IIBIFYBIHBIH KATBIHACHI TYPJCHIIPYIN KOCIAHBIH TaOWFAaThIHA OaiIaHBICTHI
16-25 kypaiinp!.

Tyiiin ce3mep: aleTUICH KOChUIBICTAPHI, (CHUITAIICTHIICH, TEKCHH, TeKCaH, THAPIICY,
HUKEJb/II KaTalu3aTopiap, KaTATUTHKAIIBIK YHPeK, MOAUMUIMPICHTIH Kocnanap, Oei1ceH-
UTIK, TaJFaMIIa3IbIIbIK.

Pe3tome
K. Kaupbexos, U. M. [[rcenovibaesa, C. M. Cyimbaesa, I1I. Capuesa

I'MJIPUPOBAHME ALIETUJIEHOBBIX COEJIMHEHWI HA
MHOI"OKOMITOHEHTHBIX CKEJIETHBIX HUKEJIEBBIX KATAJIM3ATOPAX

B paboTe npuBeeHbI pe3ysbTaThl UCCIEAOBAHUS KATAIUTHIECKOH aKTHBHOCTH U Ce-
JICKTUBHOCTH MHOTOKOMITOHCHTHBIX HHKEJIEBBIX KaTaJM3aTOPOB B PEAKUUSIX THAPHPO-
BaHMs (eHUIIAETHIICHA U TeKCHHa-2. [ ekcuH-2 Ha HUKelle PeHe ruipupyercs CeNeKTHBHO
u crepeocrenn(pUIHO, ¢ 00pa30BaHHEM IPEUMYIIECTBEHHO IHC-TeKCEHa-2.AKTHBHOCTD,
CENICKTHBHOCTh M HM30MEpH3YIOIIasi CHOCOOHOCTb MOIM(MUIMPOBAHHBIX CKEJIETHBIX
HHKEJIeBbIX KaTanu3aropos, nonydeHHslx u3 Ni-Al-Me u Ni-Al-Mei-Me; cnnaBos (rae
Me-Cu, Ag, Zn, Ti, Zr, Sn, Pb, Ta, Bi, Cr, Mo, Mn, Fe u Pd), B peakuusx rugpupoBaHus
(eHMNALETHIICHA, TEKCHHA-2 CYIIECTBEHHO 3aBHCSAT OT HPUPOJBI 100ABOK, BBOJUMBIX B
Ni-Al criaB. B peakuusx rujpupoOBaHUsl T'€KCHHA-2 MHOTOKOMIIOHEHTHBIE CKEJIETHBIE
HHKEJIeBbIE KaTaJIn3aTophbl NPOSBISIIOT BHICOKYIO cTepeoluuaHocTb. OTHOLIEHHE BBIXO-
JIOB LIUC-TE€KCEeH-2/TpaHC-TeKCeH-2 cocTaBiseT 16-25 B 3aBUCMMOCTH OT HPUPOIBI MOAH(DU-
LUpYyIoIei 1o6aBKy.

KnaioueBble cjioBa: aneTWICHOBBIC COCIUHEHUS,(DCHNIALCTIIICH, T€KCHH, TEKCaH,
THAPUPOBAHNE, HHUKEIEBBIE KaTalM3aTOPhl, KaTaIWTHYECKas yTKa, MOAMGHUIMPYIOLINC
JI00aBKH, aKTUBHOCTB, CEICKTHBHOCTD.
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