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BAC PEJAKTOP:
BEHBEPUH Banepuii BacnibeBny, MeIuIHA FRUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran PecryOnmukacet [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTabIFIHBIH - JIUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTY.IbI, (6ac peJaKTOpABIH OpbIHOAcaps!), QH3HKa-MaTeMaTHKa FhUIBIMAPBIHEIH
JnokTopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnaan Mupxaiizapyibl, (6ac pemaktopaslH opbiHOacapel), npodeccop, KP  YFA
KoppecroHaeHT-My1reci, Ph.D GHOXHMusI jKoHE MOJIEKYIANIbIK TeHETHKA Caachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyiran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM 3KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FhUIBIMU-3ePTTeY OPTalbIFBIHBIH 0ac FHUIBIMU
kpi3meTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenaipyibl, OHOMOrus FBUIBIMIAPBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka rbUIbIMIApbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTAMIaHABIPY» Ka(eapachIHBIH
Menrepyuici, (Cankr-TlerepOypr, Peceit), H = 14

JIOKIIHNH Bstuectas HoranoBuu, MeuiHa FHUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP YFA akanemuri,
«PERSONA xaJbIKapaJblK KIMHUKAJIBIK PEMPOIYKTOIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baaguvup I'puropbeBuy, OuoOmorust FbUIBIMAAPBIHBIH —JOKTOpPBL, —mpodeccop, Yysamr
pecryOnrKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBalrl MEMJIEKETTIK arpapiiblK yHHBepcHTETh Denepanabik
MEMJICKETTIK OFO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYIIEpIK oHE Teparus KaelpachlHbIH MEHIEPYILICi,
(YeGokcaper, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeDKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsexcanipoBuY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa IITATHl YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOpECcopb
(Prm, Urtamus), H =26

MAJIBM Amnna, dapmaneBTHKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MeuHa yHUBEPCHTETIHIH
(bapmanepTika dakyasTeTiHiH Aekansl (JIoommn, [onsma), H =22
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JKOHE BETEPUHAPIBIK MEIWIMHA JAeHapTaMeHTiHiH Oac roumbiMu Kbi3MeTkepi (Hyp-Cynran, Kasakcranm), H=1

TUTUHSAHY Uon MuxaiiioBuy, (hr3nka-MareMarika FbUIbIMIAPBIHBIH JOKTOPBI, akaieMuK, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MolioBa TexHUKaIBIK yHIBepeuTeTi (Kummues, Monyosa), H = 42

KAJIMMOJIJAEB Maxcar Hyponxinyisl, du3rka-MaremMaTnka FbUIBIMIAPBIHBIH JOKTOpBI, mpodeccop, KP
YFA akanemuri (Anvarsl, Kazakcran), H=7

BOULIKAEB KyanTtaii Arasbiyjibl, Ph.D. Teopusbik xoHe sSaponblK (Gu3nKa KadeapachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibiMaap HHCTHTYTH (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbiaars! Kasak yirTeik yausepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBuy, (r3ika-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpanHa YFA
akazemuri, KonnanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=5
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axagemuri, Kasakcran-bpuran texuukaisik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
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TOKJAJIBI 202403
HALII/IOHAHBHOI/I AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacniibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akagemuk HAH PK, mupexrop
MemuumHckoro eHtpa YrpasneHus jenamu [pesunenta Pecrryonuku Kasaxcran (Anmarst, Kasaxcran), H= 11

PEJAKINUOHHAMA KOJJET US:

PAMA3AHOB Tiekkaya CaburoBud, (3aMECTHTEINb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHueCcKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiiiapsud, (3aMeCTHTEITb ITAaBHOTO PEIAKTOPa), Poheccop, WieH-KOPPECTIOHICHT
HAH PK, Ph.D B obnacti GMOXHMHH ¥ MOJEKYISIPHOH TeHeTHKH, [eHepanbHblil qupekTop HarpmoHansHOro nenTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHI'-CY KBak, noktop ¢unocoduu (Ph.D, Groxumutsi, arpoxumust), mpodeccop, [IaBHbI HayYHbIH COTPY/IHUK,
HayuHo-mccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-HCCIIeI0BaTeNbCKU MHCTUTYT
6uonayku u 6norexrororau (KRIBB), (Iouon, Kopest), H = 34

BEPCUMBAEB Paxmerka:kun UckenaupoBuy, TOKTop OHoNornyecknx Hayk, npogeccop, akanemuk HAH PK,
EBpasuiickuii HaumoHanbHbIi yHuBepeurteT uM. JI.H. I'ymunesa (Hyp-Cynran, Kazaxcran), H =12

ABUEB Pydar, noxrop TexHHUIeCKHX Hayk (Omoxumus), podeccop, 3aBemyronmid kadenpoi «OnTHmMusaims

XUMHYECKOU 1 OHOTEXHOIOTMIeCKOH anmaparypsy, CaHkT-IleTepOyprekuii rocyjapCTBeHHBIHA TEXHOIOTUYECKHI HHCTH-
TyT (Cankr-ITerepOypr, Poccus), H =14

JIOKIIIMH Bsiuecia HoraHoBW4, JOKTOp MEIMIMHCKUX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIIHHIYeCKoro neHTpa penpomykroioray «PERSONAY (Anvarsr, Kazaxcran), H=8

CEMEHOB Baagumup I'puropbeBuy, T0KTop OHOIOIMYECKHX HayK, IPO(eccop, 3aCiTy’KeHHBIN JesITeb HayKI
Yygarickoit PecriyOnumku, 3aBemyronmii kadeapoid Mopdomoruu, akynepeTsa 1 tepanuu, OesepanbHoe rocy1apcTBeHHOS
OromKkeTHOE 00pa3oBaTeIbHOC YUPEKICHHE BBICIIErO o0pazoBaHust «UyBalICKHil TOCYIApCTBEHHBIH arpapHbIit
yauBepcuteT» (Uebokcapsl, Uysamnickas Pecryomuxa, Pocenst), H =23

DAPYK Acana Jlap, npodeccop Kortemka BOCTOUHOM MemMIMHBI Xamaapaa ainb-Mapkusa, (haKyisTeT Boc-

TOYHOM MeauiHbl YauBepcutera Xamapaa (Kapaun, [akucran), H =21

HIENETKHH Hrops AJlekcanapoBhY, TOKTOp MEAULIMHCKHX HayK, podeccop YHuBepcuteTa mrara MoHTaHa
(CLIA), H=27

KAJIAH/IPA TIserpo, noxrop ¢unocodun (Ph.D, dusuka), mpodeccop MHCTUTYTA O M3YYEHUIO HAHOCTPYKTY-
pupoBaHHbIX MatepuanoB (Pum, Utamus), H =26

MAJIBM AnHa, 1okTOp (hapMarieBTHIeCKUX Hayk, mpodeccop, nekan dapmareBTiudeckoro haxynsrera JIroomiH-
CKOTO MEJIMIIMHCKOro yHuBepcurera (Jlrobmus, [ombuia), H =22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEJIBCKOXO3SICTBEHHBIX HAyK, YICH-KOPPECIIOHICHT
HAH PK, maBHbIil Hay4HbII COTPYIHHK JlenapraMeHTa )KUBOTHOBOJCTBA M BeTeprHapHOit Memuimubl TOO «HayuHo-
MPOM3BOCTBEHHBIN LIEHTP KNUBOTHOBOZICTBA U BeTeprHapum» (Hyp-Cynran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBH4, TOKTOp (PU3UKO-MAaTEMaTHYECKHX HayK, aKaJeMHK, IPE3UICHT AKaJeMHH HayK
Monpossl, Texanueckuii yausepcuteT Monnoss! (Kummnes, Monzosa), H =42

KAJIMUMOJIJAEB Maxkcar HypaauioBuy, T0KTop (hH3MKO-MaTeMaTHuecKuX Hayk, mpodeccop, akanemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOULIKAEB Kyanraii AsrassieBn4, noxrop Ph.D, npernonasarens, ToneHT kadeapsl TEOPETHUSCKOH H sIepHOI
m3ukn, Kazaxckuii HaroHANBHEI yHUBepeuTeT nM. anb-Dapadu (Anmarsl, Kazaxcran), H= 10

QUEVEDO Hemando, npodeccop, Harmonanbheiit aBroHomHbIi yHuBepeuTer Mekeuku (UNAM), UuctutyT
sepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:xaHoBHY, TOKTOp (H3HKO-MaTeMaTHISCKHX HayK, Ipodeccop Kadeapsl TEOPEeTHISCKOU 1
spnepHoit (hrsuky, Kazaxckuii HaoHAIBHEL yHIBepcuTeT UM. anb-Dapadu (Amvarsl, Kazaxcran), H="7

KOBAJIEB Aunekcanap MuxaiiioBuy, JTOKTOp (HU3MKO-MaTeMaTUYECKuX Hayk, akageMuk HAH VYkpaunsl,
WHCTUTYT NPUKNIaHOM MaTeMaThky 1 MexaHuku (JloHenk, Ykpauna), H=5

TAKUBAEB Hypramn JKa6araeBud, JoKTop (pU3MKO-MateMaTHISCKHX Hayk, npodeccop, akanemuk HAH PK,
Kazaxckuii HaMOHAIBHEI yHEBepcuTeT UM. anb-Dapadu (Ammarsl, Kazaxcran), H=15

XAPUH CrauucnaB HukonaeBuy, TOKTOp (M3MKO-MAaTeMAaTHYECKUX HayK, mpodeccop, akanemuk HAH PK,
Kazaxcrancko-bpuranckuit texanuecknii ynusepeuret (Anmarsl, Kazaxcran), H =

JABJIETOB Ackap EpoyaanoBud, TOKTOp (M3MKO-MaTeMaTH4YecKHX Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHEIN yHUBepcHTeT UM. anmb-Dapadu (Ammarsl, Kasaxcran), H =12
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Abstract: Results of the hydrogenation process of isoprene and piperylene
mixtures, as well as their mixtures on multicomponent skeletal nickel catalysts
are reported in this article. Hydrogenation of piperylene and isoprene proceeds
at a higher rate (W=215-220 cm*/min-g Ni) on Ni-Mo-Cu alloy catalyst than on
skeletal nickel (W=112-115 cm*/min-g Ni). The results of chromatographic analysis
indicate that the hydrogenation of piperylene proceeds with high selectivity. The
selectivity coefficient K is 0.95 and 0.98 on skeletal nickel and Ni-Mo-Cu catalyst,
respectively. At hydrogenation of the piperylene-isoprene mixture the piperylene
conversion rate (P > J) is prevailed. At piperylene conversion degree P=50 % the
isoprene J conversion is 35-37 % on Renea Nickel. 34 % on Ni-Mo-Cu catalyst.
The selectivity degree of hydrogenation of this mixture is S ;= 0.34-0.36 on
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Renea Nickel, S, = 0.40 on Ni-Mo-Cu. It was found that during hydrogenation
of piperylene and isoprene mixtures on Ni-Al-Mo-Cu (42-50-3-5 %) catalysts the
mono- and disubstituted acetylenes are saturated with a high degree of conversion
compared with isoprene.

Keywords: selective hydrogenation, isoprene, piperylene, skeletal nickel
catalysts
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AHHoTanus. by Makanasa ke KOMIOHEHTT] KaHKAJIbl HUKEJTh KaTajau3aropiap
KaTBICHIH]IA M30IIPEH, TUIIEPUIICH JKOHE OJIapIbIH KOCIATAPhIH THPIEY MPOIeci-
HiH HoTWXenepi kentipireH. Kankanbl HukenMeH cambicTeipranga (W=112-115
cv®/MuH T Ni) Ni-Al-Mo-Cu KOpBITIIACHIHBIH KaTaIM3aTOP KAThICHIHIA TUIIEPUIICH
MEH W3OMpPEHIl THAPJICY >KOFapbLKbUIIAMIBIKIEH kypemi (W=215-220 cm?/
MuHT Ni). XpoMmarorpausuiblK Tajnay HOTHXKEIepl NMUIIEPHIICHHIH THIPICHYI
JKOFaphl CENEKTUBTLIIKIIEH XKypeTiHin kepceTeni. Coiikecinme, K cenekTuBTiIik
ko3 dunmenTi kaHkamel Huken MeH Ni-Mo-Cu karammzatopsiaaa 0,95 sxoHe
0,98 xypaiinpl. [lunepuiieH-U30MpeH KOCTACHIH THIPIEY Ke3iHAe MHUIepPHICHHIH
KOHBEPCHS KbULIAMABIFBI 0ackiM Oomasel (P > J). [TunepuneHHiH KOHBEpCUsIaHy

109



ISSN 2224-5227 3.2024

nopexecinne P=50% m3onpennin kouBepcusicol Peneit aukemnine 35-37% Kypanis1,
ann Ni-Mo-Cu karanuzaropbiaa 34 %. byt KocnaHbIH THIPICHYHIH CEIEKTUBTLIIK
nopexeci Peneit nukeninge S = 0,34-0,36 , an  Ni-Mo-Cu karanusaTopbiia
S, = 0,40. IMunepwuien — uzonpen Kocnanapein Ni-Al-Mo-Cu (42-50-3-5 %)
KaTanmu3aropiiap KaTbICBIHAA THIpIEY Ke31HJe MOHO-)XOHE ajJMacThIpbUIMaraH
arleTHIICHIEp M30IIPEHMEH CaNBICTHIPFaH/a YIIKeH TpaHchopMarus nopexkeciMmer
KaHBIKTHIPBIIATHIHBI AaHBIKTAJIJIBI.
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AHHOTauMsi: B HacTosmed cTarbe MPUBEACHBI PE3yIbTAaThl MpolEecca
UIPUPOBAHUS CMECEH H30IIPEHa, TUIIEPHIICHA U X CMECEl HA MHOTOKOMITOHEHTHBIX
CKEJIeTHBIX HUKEJeBBIX Karanm3aropax. Ha karammzatope mu3 cruraBa Ni-Al-
Mo-Cu ruapupoBaHue MUTIEPUIICHA W HM30MpEeHa WAET C OONBIIONH CKOPOCTHIO
(W=215-220 cm’/muuT Ni), B ominune or ckemeTHoro Hukens (W=112-115
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cM?/muHT Ni). Pesynbrarhl XpoMarorpaudyeckoro aHajiu3a CBHICTEIbCTBYIOT,
YTO THUIPUPOBAHME [UIECPUICHA IIPOTEKAET C BBICOKOW CEJIEKTHBHOCTEIO.
Koadppuunent cenexrusnoctn K cocrapnser 0,95 u 0,98 Ha ckeneTHOM HUKENE U
Ni-Mo-Cu karanu3arope, COOTBETCTBEHHO. [ [py ruaprpoBaHIY CMECH TUTICPUIICH-
M30IIPEeH IpeodiagaeT CKOPoCTh mpeBparieHus nunepmwieHa (P > J). [lpu crenenn
npespanienus nmunepuieHa P=50 % kouBepcus uzornpena J cocrasnset 35-37 % Ha
Nial. 34 % - na Ni-Mo-Cu karanu3zarope. CTerneHb CelIeKTUBHOCTH 'HIPUPOBAHUS
stoit cmecu S = 0,34-0,36 ma Nial, S = 0,40 na Ni-Al-Mo-Cu.YcranosneHo,
YTO MPY THAPUPOBAHNH cMecel murepuiieH — n3onper Ha Ni-Al-Mo-Cu (42-50-3-
5 %) KaTanmu3aropax MOHO- U JM3aMEIICHHbIC alleTHIICHBI HACHIIIAIOTCS ¢ OOMBLION
CTEIICHBIO MTPEBPALLCHUS 10 CPABHEHHUIO C U30IIPEHOM.

KiroueBble cjl0Ba: CEJICKTUBHOE THIPUPOBAHUE, HW3OMPEH, MHUIIEPHUIICH,
CKEJICTHBIC HUKEJIEBbIC KaTaIN3aToOpPhI.

Introduction

Hydrogenation of unsaturated hydrocarbons is an industrially important
process underlying the production of fuels that meet modern requirements for their
quality, polymers, synthetic rubbers. Modernization of existing, development of
new effective, environmentally friendly (Shafigulin et al., 2017; Mikhailova et al,
2014), economically more profitable technologies is a priority direction of modern
science and economics (Khorkova et al, 2010; Konkova et al, 2013). An important
point here is the development of inexpensive catalysts based on new materials that
provide an acceptable value of catalytic activity comparable to that shown by the
catalysts currently used in industry (Lakshmi et al, 2016).

The most applicable for this purpose are nickel-based hydrogenation catalysts,
which have high activity and relatively low cost compared to catalysts based on
noble metals (Kasyanova et al, 2016; Putilin et al, 2015; Statsenko et al, 2016;
Kairbekov et al, 2023).

In industry, nickel catalysts are mainly used for hydrogenation processes. This
is due to the high activity and selectivity, ease of preparation and regeneration,
stability of operation in a long cycle, resistance to poisoning by catalytic poisons
(Karakhanov et al, 2014; Boymans, 2015). It has been shown that the modification
of skeletal nickel by various metals makes it possible to regulate the properties of
the catalyst in a wide range (Jeldybaeva et al, 2022; Jeldybayeva et al, 2021).

Thus, the search for new cheap, highly active and selective catalysts for
hydrogenation of individual unsaturated hydrocarbons and their technical mixtures
is a task of great practical importance.

In this paper, studies were carried out on the selective hydrogenation of isoprene,
piperylene and their mixtures on skeletal nickel catalysts made of Ni-al and Ni-Al-
Mo-Cu alloys.

Materials and methods
Raw materials, catalysts, experimental methods
Table 1 shows the physicochemical characteristics of piperylene and isoprene.
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Table 1: Main physicochemical characteristics of piperylene and isoprene
Connection The structural | Mole- | Boiling | Density | Ref- Solubility in:
formula cular |point, N ¢ ractive
weight | °C index | Wwater | etha- | hexane
”L'-;D nol
Isoprene CH,=C-CH=CH, | 68.12 34.07 | 0.6806 | 1.4194 | not o
(2-methyl-1 soluble
3-butadiene) CH,
Piperylene CH,=CH- 68.1244.07 (¢)| 0.6910 | 1.3883 | not o
(1,3-pentadiene) | CH=CH-CH, 42.03 (t) | 0.6760 soluble

Preparation of catalysts. The weighed amount (0.4-0.8 g) of the ground,
powdered Ni-Al-alloy from the fractions of 0.06-0.20 mm was treated with
a 20 % KOH solution at a temperature of 96 °C in a boiling water bath for
2 hours. The obtained products were washed from the alkali by decantation
with distilled water 4-5 times, until a negative reaction to OH-ions in washing
water was obtained. The catalyst was then washed with a solvent in which
the hydrogenation process was carried out (Jeldybayeva et al, 2021).

Methodology of the study. Hydrogenation was carried out in a
thermostatically controlled catalytic “chamber” at atmospheric pressure and
a temperature of 20 °C. Simultaneously, the reaction rates (the amount of
absorbed hydrogen per unit time, cm?/min) and the catalyst potential (mV)
relative to the calomel reference electrode were recorded according to the
methodology (Kairbekov et al, 2021). Before the reaction, the catalyst was
treated with hydrogen in a solvent (¥ = 25 cm®) until a reversible hydrogen
potential was established. Hydrogenation was carried out in the kinetic mode
(700-800 pumps/min).

The selectivity index (o) was determined graphically using equation (1).
Theselectivity index is determined by both kinetic and thermodynamic factors,
together reflecting the presence of energy and structural correspondence:

-
= kx5, ey

where K, K, are the hydrogenation rate constants of the 1st and 2nd
substances; B, B, are the adsorption coefficients of the hydrogenated
substances on the hydrocarbon surface.

The degree of selectivity (S) of hydrogenation of the mixture of substances
was calculated by formula (2):
l-a

2)
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The ratio of adsorption coefficients B./B, was determined using equation

(3):

Wo _ HpB. Gy
W, K,B,C, (3)

where K, K, are the rate constants of the hydrogenation reaction of
1.2 substances, B, B, are the adsorption coefficients of the components of
the mixture, C, C, are the concentrations of the components in the initial
mixture.

The selectivity coefficient, migration coefficient and hydrogenation
isomerization coefficient of isoprene and piperylene were determined by the
following formulas (4-6).

alkenes output By
K, = ; ’ )
cutpur (alkenetalkans) U
. output (cis—alkene—2+trans—alkens—2) (5)
migr  putput (alkene—1l+ciz—alkene—2+trans—alkens—2)
cutput trans—alkene—2,% (6)

ism  putput (cis—alkene—2+trans—alkens—2).%

Chromatographic analysis was performed on a Chromos GC-1000
chromatograph (“Chromos”, Russia) with a flame ionization detector in
isothermal mode using a BP21 capillary column (FFAP) with a polar phase
(PEG modified withnitroterephthalate) 50 mlong and 0.32 mm inner diameter.
The column was maintained at a temperature of 90 °C, the temperature in
the evaporation chamber was 200 °C, the carrier gas was helium, the volume
of the injected sample was 0.2 pl. During the experiment, 2-3 samples of the
liquid reaction mixture were taken for analysis (Jeldybayeva et al, 2021).

Results and discussion

Isoprene hydrogenation

To clarify in detail, the mechanism of hydrogenation of mixtures of
hydrocarbons, the hydrogenation of individual components was previously
studied. The connection of hydrogen to the conjugated system of isoprene
bonds on the studied catalysts goes in all possible directions (scheme 1):
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CH3-CH-CH=CH:
|
+Hi(1.2) CH: u-isoamylene +H
——* 3- methylbutene-1
1 23 4 | +H(4  CH=C-CH-CH +H;
CHz=C-CH=CH " !
| CH: - isoamylene
CHs 2- methylbutene -1
isoprene,

2-methyloutadiene 1,3 | +Ha(3,4)

f————
CH:; [-izoamylene
1- methylbutene -2
+2H3(1.23.4)

CH:-CH-CH=CHz
|

CH:  isopentane
2- methylbutane

Scheme-1

CH;-C=CH-CH3 +Ha
|

The rate of hydrogenation of isoprene to the absorption of about half
of the calculated amount of hydrogen remains constant. At the moment of
attachment of one mole of hydrogen, a sharp fracture is observed ("critical
point of the conjugated system"), and then the intermediate isoamylenes are
saturated at a significantly slower rate (1.5-2 orders of magnitude) than the

diene bond (Fig. 1).

Modification of the skeletal nickel Mo-Cu leads to a decrease in the
adsorption capacity of the catalyst for isoprene (AE=190 mV) and an increase
in selectivity from 0.96 to 0.98 (Table 2).

E.mV

(]

Figure 1: Kinetic and potentiometric curves of isoprene hydrogenation (A, =100 cm*H,)

In ethanol on skeletal nickel catalysts made of alloys:
1-Ni-al (50-50 %), 2-Ni-Al-Mo-Cu (45-50-5) (m-0.8 g)
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%, mol
100

920

Composition of the raection mixture
8

0 20 40 60 80 100

1-isoprene, 2-B-isoamylene, 3-y-isoamylene, 4-o-isoamylene, 5-isopentane.

Figure 2: Composition diagrams of isoprene hydrogenation catalyst
on Ni-Al-Mo-Cu skeletal catalyst

According to the chromatographic analysis of the catalyst composition
during the isoprene hydrogenation reaction (Table 2, Fig. 2), it follows that
at the first stage - before the absorption of approximately I mole of hydrogen
- isoamylene is predominantly formed on the studied catalysts (Selectivity
factor of isoprene = 0.96-0.98), and isopentane is formed only in insignificant
amounts (1-2 %). The formation of alkanes in the first step of the reaction
can be explained on the basis of a multi-step mechanism of hydrogenation
of alkadienes, including the formation of semi-hydrogenated forms of the
compound, which may not be desorbed (Kairbekov et al, 2023).

Table 2: Hydrogenation of isoprene, piperylene and their mixtures on skeletal nickel catalysts

(m, =0.8g, Temp 20 °C,P,, 0.1 MPa, V=30 ml)
Hydrocarbons Alloy Wcee AE beg., mV Ky K igrcc- K e
composition | cm?/min-g
Ni
Isoprene Ni-Al 115 220 0.96 0.61 0.76
Ni-Al-Mo-Cu 220 190 0.98 0.59 0.73
Piperylene Ni-Al 112 270 0.95 0.61 0.74
Ni-Al-Mo-Cu 215 210 0.98 0.58 0.72
Piperylene - w AE J a |B, /1S K, K,
Isoprene beg., |P=50|P=100 B, piperylene | isprene
mV % %
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1:1 Ni-Al 117 260 35 90 |[0.64|1.6] 036 | 0.98 | 0.98
1:3 Ni-Al 120 | 240 37 93 [0.66 |45 034 | 098 | 0.98
1:1 Ni-Al-Mo-Cu | 218 | 220 34 87 10.60| 1.7 | 040 | 099 | 0.99

P, J — degree of conversion of piperylene, isoprene (relative %) at absorption of 50 cm’® of H,

Hydrogenation of piperylene

For hydrogenation reactions, piperylene with a ratio of trans/cis-
stereoisomers equal to 2 was used (Table 2, Fig. 3.4). Fracture on the kinetic
curve of hydrogenation of piperylene (A, =100 cm®) corresponds to the
addition of 1 mole of hydrogen to piperylene (Fig. 3). The absorption of 2
moles of hydrogen proceeds at a significantly lower rate (by 1-2 orders of
magnitude).

On a Ni-Al-Mo-Cu alloy catalyst, piperylene is hydrogenated at a higher
rate (W =215 cm*/min-g Ni) than on skeletal nickel (W = 112 cm?*/min-g Ni).
The results of chromatographic analysis indicate that the hydrogenation of
piperylene proceeds with high selectivity. The Selectivity factor is 0.95 and
0.98 on skeletal nickel and Ni-Mo-Cu catalyst, respectively (Kairbekov et
al, 2023).

When piperylene is hydrogenated on skeletal nickel catalysts (Table 2,
Fig. 4), pentene-1, cis- and trans-pentenes-2 are formed, and in insignificant
amounts - pentane (Selectivity factor = 0.95 on Nial, Selectivity factor =0.98
on Ni-Al-Mo-Cu). The formation of pentene isomers is shown in Scheme 2

below.
CH=CH-CE=CH-CH,

T

H.C-HCFCH H:C-HC=CH-CH=CH: H:C—HITC{

T L LT

H,C-HC=CH — [ BCCH-CHCHSCH: | — HCHO=CH
. | — x — N

CH

1]. H, C—CI-I—C:H -CH=CH. EC 4
[H-C—HC=C:H [ H cm:a::—: J

\ Pmteu 1 / H c’

H. C—HJ:=-CH Hi C—Hq=CH—C:H -CH. H.C- HC C:H
CI—I
B
trans-Pensen— 21 ciz-Penten-2
Scheme-2
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The ratio of the rates of formation of pentene-1; trans-pentene-2; cis-
pentene-2 is approximately constant and is 2:2:1 (Fig. 4). After piperylene
disappears from the reaction mixture, pentene-1 is hydrogenated at a higher
rate. At the same time, the content of trans-pentene-2 and cis-pentene-2
increases (mainly the trans isomer), which indicates the isomerization of
pentene-1.

When hydrogenating alkadienes (piperylene, isoprene), high selectivity
(Selectivity factor of isoprene), constancy of the ratios of the amounts
formed by C.-alkenes, as well as their lack of isomerization at the first stage
are associated with adsorption displacement of alkenes by alkadienes on the
surface of catalysts.

W 3
oiV.cm® /min

&0
40
-0 TN vo
= »cme
LN, >
o ——
20 40 &0 20 1 4]
800
600 E - -
- 2
o
400 1=
E.mWV

Figure 3: Kinetic and potentiometric hydrogenation curves of piperylene (A, 100 cm?) in
ethanol on skeletal nickel alloy catalysts:

1 - Ni-Al-Mo-Cu (42-50-3-5%), 2 - Ni-al (50-50%) (m = 0.8 g)

H2=

%. mol
100
90
80
70
60
50
40
30
20
10
0

Composition of the reaction mixture

0 20 40 60 80 100
1 - trans-piperylene, 2 - cis-piperylene, 3 - trans-pentene-2, 4 - cis-pentene-2,
5 - pentene-1, 6 - pentane.

Figure 4: Diagram of the composition of the hydrogenation catalyst of piperylene
on a skeletal catalyst from the Ni-Al-Mo-Cu alloy (42-50-3-5 %)
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Hydrogenation of mixtures of piperylene with isoprene

To assess the possibility of joint removal of piperylene impurities from
isoprene, along with monosubstituted acetylenes, by selective catalytic
hydrogenation, the hydrogenation processes of the following mixtures were
studied: piperylene-isoprene (100:100 cm® H,), on catalysts made of Ni-al
(50-50 %), Ni-Al-Mo-Cu (42-50-3-5 %) alloys in ethanol at a temperature
of 20 °C (Table 2, Fig. 5).

The results of the hydrogenation curves (Fig. 5) and chromatographic
studies (Fig. 6) of the mixture of piperylene-isoprene on skeletal nickel
catalysts from Ni-al and Ni-Al-Mo-Cu alloys in ethanol showed that the
hydrogenation+ rate of the mixture before absorbing about half of the
calculated amount of hydrogen remains constant, and then the fracture and
saturation of the formed piperylenes and isoamylenes is observed at a much
lower rate.

When hydrogenating the piperylene-isoprene mixture on skeletal nickel
catalysts, the conversion rate of piperylene (P > J) predominates. At the
degree of conversion of piperylene P=50 %, the conversion of isoprene J
is 35-37 % on Raney nickel, 34 % on Ni-Mo-Cu catalyst. The degree of
hydrogenation selectivity of this mixture is = 0.34-0.36 on Raney nickel, and
0.40 on Ni-Mo-Cu.

The saturation of the piperylene-isoprene mixture is characterized by the
preferential addition of hydrogen to the piperylene. Piperylene is saturated
more intensively than isoprene. The degree of conversion of hydrocarbons
at the time of absorption of 50 cm® of H, on a Ni-Mo-Cu catalyst is 36 and
22 % for piperylene and isoprene, respectively.

The alkadien mixtures used are hydrogenated at a higher rate on aNi-Mo-
Cu catalyst (W =218 cm*/min-g Ni) than on Raney nickel (W = 117-120 cm?/
min-g Ni). The addition of the Mo-Cu composition reduces the adsorption of
alkadienes on the catalyst surface (AE =240-260 mV on Raney Anickel AE
=220 mV on Ni-Al-Mo-Cu). ’
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W_cm® 'min

20

E.mV

Figure 5: Kinetic and potentiometric hydrogenation curves
1.3 — mixtures of isoprene — piperylene (100:100 cm® H,) in ethanol on skeletal nickel catalysts
from alloys:
1 —Ni-Al-Mo-Cu (42-50-3-5 %), 2 — Ni-al (50-50 %) (m = 0.8 g)

%, mol
50

45
40
35
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Composition of the reaction
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100
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10 — cis-pentene-2, 11 — pentane.

Figure 6: Diagrams of the composition of the hydrogenation catalyst of piperylene and isoprene

on a skeletal
catalyst from the Ni-Al-Mo-Cu alloy (42-50-3-5 %)
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The introduction of small Mo additives to the Ni-al alloy in combination with Cu,
slightly reducing the strong promotional effect of Cu, contributes to the formation of
a selective and stable catalyst. A favorable combination of Mo and Cu is associated,
apparently, with the presence of the following factors: the introduction of Mo
promotes the strengthening of the Me-H bond due to the formation of Mo oxides,
while Cu additives lead to an increase in the adsorption capacity of the -C=C- bond
of alkanes. Modification of Mo complicates the phase composition of the catalyst
both due to partial oxidation of Ni and the formation of significant amounts of
ALO,. When Mo and Cu are co-administered, the stabilizing effect of the formed
metal oxides is enhanced, which prevents the catalyst from recrystallization and
reduces activity.

Conclusion

On a Ni-Al-Mo-Cu alloy catalyst, piperylene and isoprene are
hydrogenated at a higher rate (W = 215-220 cm*/min-g Ni) than on skeletal
nickel (W = 112-115 cm*/min-g Ni).

According to the chromatographic analysis of the catalyst composition
during the hydrogenation reaction of isoprene, it follows that in the first stage
- before the absorption of approximately I mole of hydrogen - isoamylene is
predominantly formed on the studied catalysts (Selecticity factor of isoprene
= 0.96-0.98), and isopentane are formed only in insignificant amounts (1-2
%).

Hydrogenation of piperylene also proceeds with high selectivity. The
selectivity factor is 0.95 and 0.98 on skeletal nickel and Ni-Mo-Cu catalyst,
respectively.

The hydrogenation of the piperylene-isoprene mixture is dominated by
the conversion rate of piperylene (P > J). At the degree of conversion of
piperylene P=50 %, the conversion of isoprene J is 35-37 % on Raney nickel,
34 % on Ni-Mo-Cu catalyst. The degree of hydrogenation selectivity of this
mixture is 0.34-0.36 on Raney nickel, and 0.40 on Ni-Al-Mo-Cu.
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