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THE INFLUENCE OF TEMPERATURE CHANGE ON THE PROCESS OF OBTAINING
HIGHER ALCOHOLS FROM SYNGAS

Abstract. The work is devoted to the study of the effect of temperature changes on the process of
obtaining higher alcohols from synthesis gas, using perovskite-like catalysts. Currently, perovskite-like
oxides are considered as promising catalysts for the Fischer-Tropsch synthesis due to their high activity,
stability, selectivity, and low cost. Catalyst samples were obtained by coprecipitation under mild hydrothermal
conditions and by the citrate method.The morphology, structure, and composition of the catalysts were
characterized by SEM, BET, XRD and elemental analysis and tested in the synthesis of alcohol from
synthesis gas (Fischer-Tropsch synthesis). Catalytic tests of the samples were carried out on a Fischer-
Tropsch synthesis unit. Experimental results have shown that the temperature interval in which the obtained
catalysts are active and selective is not wide. At temperatures below 210°C, the catalysts are inactive, and at
temperatures above 240°C, they are non-selective. At a temperature of 300°C, the main product is methane.
Comparison of catalysts shows that LaCoO3 / KIT-6, having an increased specific surface area, is much more
active. The highest productivity of alcohol synthesis was obtained on a sample of a reduced catalyst based on
perovskite LaCoO,/KIT-6 at 240°C.Ata temperature of 240°C, all catalysts show high selectivity for alcohols.

Key words: Fischer-Tropsch synthesis, perovskite catalyst, reaction temperature.

Introduction. Currently, special attention is paid to perovskite catalysts. Perovskite oxides with a structure
of the ABO, type have been studied for the synthesis of alcohols due to their flexibility in catalyst design
and preparation. A and B ions of sites can be easily partially replaced by other elementsin the structure of
perovskite, that leads to numerous derivatives of perovskite structures with physical and chemical properties
that can be adapted for a specific purpose [1-3]. Cations usually have ionic radii close to oxygen, and can be
represented by rare earth (La, Pr, Sm, Ce), alkaline earth (Ca, Mg, Ba, Sr) or alkali (Na, K) metals. Cations
in position B should have a much smaller ionic radius, and most transition metals (Fe, Ni, Co, Cu, Ti, Cr, Ru,
Mn) can act in this capacity [4]. Perovskite-like cobalt-containing catalysts are preferred for Fischer-Tropsch
synthesis due to their characteristics of low activity for the water-gas conversion reaction, high selectivity
for linear hydrocarbons, and better resistance to water deactivation (by-product of the SFT reaction) [5,6].
Cobalt has significant hydrogenating activity, therefore, some of the CO inevitably turns into methane. This
reaction accelerates sharply with increasing temperature; therefore, cobalt catalysts cannot be used in the
high-temperature Fischer-Tropsch process [7]. Thus,the reaction temperature is very important for cobalt
catalysts.

This article compares the results of the catalytic hydrogenation of carbon monoxide to obtain higher
alcohols, using perovskite catalysts at different temperatures. Catalysts containing cobalt were usedto study
the process of hydrogenation of carbon monoxide.

Experimental part. Catalysts sampleswere prepared in two ways. LaCoO,/KIT-6 was obtained by the
citrate method. For this, 6 g of mesoporous silicon support KIT-6 [8] were mixed with 60 ml of distilled
water, then 0.03 mol of cobalt nitrate and lanthanum nitrate, 60 ml of ethanol and 23 g of citric acid were
added. Then the suspension was slowly evaporated under continuous stirring at a temperature of 75 °C until
a thick gel was formed, which was finally dried under an IR lamp and triturated. The powder was subjected
to heat treatment similar to the two samples. Then this sample was washed from the main amount of KIT-6
silica with 500 ml of 7% NaOH solution at 75°C for 15 min, filtered and washed on a paper filter with 8 L of
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distilled water at 75 °, then dried under an IR lamp. A series of oxides of the perovskite type LaCoO3 (1: 1,1:
1.5) were obtained by coprecipitation under mild hydrothermal conditions, as described in detail in [9]. The
catalyst preparation sequence is shown in Figure 1:

The catalysts used in this work were characterized using those methods and tools that were described in
detail in our previous work [10].

Presipitating

agent
® Precursor A @ gmnog;?eous_l}i
@ Precursor B spersi particles

Suspension Decantation of
of Aand B particles by adding a
precipitating agent

Heat treatment
Figure 1. Scheme of the sequence of preparation of catalysts by the coprecipitation method

Materials and methods. The methods used are briefly summarized below. The specific surface area of
all samples was determined by the Brunauer-Emmett-Teller (BET) method. The texture characteristics of the
samples were studied from the adsorption isotherms of N, at a temperature of 150°C using an ASAP-2400
unit (Micromeritics, United States). The phase composition of the samples was determined by X-ray phase
analysis (XPA) on a D-8 diffractometer (Bruker) using Cu-Ka radiation when scanning by points with an
interval of 0.05° in the range of 26 angles from 20 ° to 80 °.To determine the temperature of heat treatment,
thermal analysis (TA) of dry samples was carried out in air and in a flow of a mixture of 40 ml / min of argon
with hydrogen at a heating rate of 10 K/ min. The study was carried out on a Netzsch STA-409 thermograph.

Catalytic tests of the samples were carried out on a Fischer-Tropsch synthesis unit under the following
conditions: composition of the initial working mixture CO: H,: N, = 3: 6: 1 (nitrogen as an internal standard),
mixture flow rate 1 I/h, sample weight 2 g, temperature 210°C, 240°C, 300°C, pressure 20 atm.Before catalytic
tests, the catalysts were activated in hydrogen, including slow heating at a rate of 2 deg / min to 500°C and
holding in an isothermal mode for 2 hours. During heat treatment, the perovskite structure is successively
destroyed (Co*" — Co*” — Co°) with the formation of highly dispersed cobalt on a lanthanum-containing
oxide substrate. The maximum reduction temperature was selected from the thermal analysis data (DTA/ TG)
and corresponded to the temperature of the beginning of the second stage of cobalt reduction (Co?** — Co").
Thehy drogen feedrateis 3 1/h x gcat.

After the stages of activation and cooling of the catalyst in the reactor to room temperature, the catalytic
unit was pressurized. Then, argon was fed into the reactor through a gas flow meter at a rate of 2 L/h, and
the thermostat was heated to the operating temperature of SFT (210°C, 240°C, 300°C). After the reactor
temperature reached the steady state mode, the argon flow was changed to the flow of the initial reaction
mixture (H, / CO / N, = 6/3/1). The mixture was fed from a balloon through a high pressure reducer. After
establishing the desired gas flow, the pressure in the reactor was increased to 2MPa. At the beginning of the
test, the initial reaction mixture supplied to the unitwas analyzed 4—5 times on an LKhM-8MD chromatograph.
The final reaction mixture resulting from the reaction passed through a thermostatically heated manifold and
separators. The frequency of analysis of the final reaction mixture is 2 times every hour on LKhM-8MD and
once on a Tsvet-530 chromatograph. For a correct comparison of the activity of the catalysts at the outlet (the
rate of CO - W (CO) conversion) and the selectivity parameters in a flow-through reactor, it is necessary to
measure them at a comparable degree of CO conversion. The tests were carried out in a periodic mode for
9-10 h with a stop overnight.

Results and discussion. According to the results of catalytic tests, the presented catalyst samples were
active in the temperature range of 240°C. At the same time, a change in the reaction temperature directly
affects the ratio of selectivity to methane, alcohols and paraffins. It is well known, that the adsorption and
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dissociation of CO on the catalyst surface strongly depends on the reaction temperature [ 11], and CO adsorption
is inversely proportional to the temperature. This reduces the alcohol yield at temperatures above 300°C. In
addition, the reaction of methanation and water gas shift becomes quite dominant at higher temperatures.

Figure 2 shows the selectivity (A) and the yield of alcohol products (B) depending on the reaction
temperature. High selectivity for alcohols in all catalysts is found at a temperature of 210°C. As mentioned
above, at a temperature of 300°C, the selectivity drops sharply and does not exceed 11%. As for the yield of
alcohols, catalysts are inactive at a temperature of 210°C. At 240°C and 300°C, the LaCoO3 / KIT-6 catalyst
is more active, but the selectivity at 300°C is very low.

120
Sron, % 100
B LaCo03-1
80
60 ® LaCo03-2
40 M LaCoO3/KIT6
20
0
2100C 2400C 3000C
A)
90
80
70
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>~ 20
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0 -
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Figure 2. Selectivity (A) and the yield of alcohol products (B) depending on the reaction temperature.

As shown in Figure 2 (B), at 240°C, the LaCoO,-1 and LaCoO, / KIT-6 samples show sufficient activity.
Comparison of the catalysts shows that LaCoO, / KIT-6, having an increased specific surface area, is much
more active.

In this regard, it can be seen that the optimal temperature for the process of obtaining alcohols from
synthesis gas using cobalt-containing catalysts with a perovskite structure is 240°C.

Conclusions. The work is devoted to the study of the effect of temperature changes on the process of
obtaining higher alcohols from synthesis gas using perovskite-like catalysts. Catalyst samples were obtained
by coprecipitation under mild hydrothermal conditions and by the citrate method. The morphology, structure,
composition of the catalysts were characterized by SEM, BET, XRD and elemental analysis and tested
in the synthesis of alcohol from synthesis gas (Fischer-Tropsch synthesis).Catalytic tests of the samples
were carried out on a Fischer-Tropsch synthesis unit. Experimental results have shown that the temperature
interval in which the obtained catalysts are active and selective is not wide. At temperatures below 210°C, the
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catalysts are inactive, and at temperatures above 240°C, they are non-selective. At a temperature of 300°C,
the main product is methane. Comparison of the catalysts shows that LaCoO,/KIT-6, having an increased
specific surface area, is much more active. The highest productivity of alcohol was obtained on a sample of
a reduced catalyst based on perovskite LaCoO,/KIT-6 at a temperature of 240°C. At a temperature of 240°C,
all catalysts show high selectivity for alcohols.
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CHUHTE3 I'A3JJAH )KOT'APBI CHUPTTEPII AJTY IPOHECIHE TEMIIEPATYPA
O3I'EPICIHIH 9CEPI

AHHoOTanus. JKyMbIC MEpOBCKUT TOpi3Al KaTaau3aTopyiapAbl KOJAAHBII CHHTE3 Ta3blHAH >KOFaphl
CIHUPTTEP/Ii aTy MPOIECIH/IE PeaKInsl TeMIIepaTypachlHbIH ©3TepyiHiH 9CepiH 3epTTeyre apHamFaH. Kaszipri
YakKbITTa MEPOBCKUT Topi3ai okcuarep Pumiep-TponmcuHTe3iHIH MepCreKTHBAIbl KaTaau3aTopbl OOJIBII
caHanazpl, ce0eli omapablH OeICeHITIT, TYPAKThUIBIFBI, TaFAM/IbIIBIFB] )KOHE KYHBIHBIH TOMEH OOJYHI.
Karanuzarop cplHaMamapbl jKyMcak THIPOTEPMUSUIBIK JKarnaina Oipre TYHIBIPY JKOHE LMTPAT 9IiCiMEH
anpiHabl. Karanusaropnapasia Mopdonorusicsl, KypsutbiMbl, Kypambl SEM, BOT, POA xone anemeHTTIK
aHaJM31 KOJJaHy apKbUIbl CHUIATTAJIbI )KOHE CHHTE3 Ta3blHAH CIUPTTEP CHUHTE3iHAe Tekcepinai (Pumep-
TpomncunTesi). YaArinephiH KaTaduTHKAJbIK ChIHAKTapbl Puinep-Tpomnmr cuHTe3ney KOHABIPFBICHIHIA
xyprizingi. Toxipnbe HOTHKENepi KOpCEeTKeHNIEH, allbIHFaH KaTajau3aropiap OeJNCeHl JKOHE TaHIaMallbl
OonarblH TeMmeparypaiblk Juana3on emec. 210°C-tTaH TeMeH TeMIieparypaja Karaiu3aropiap OenceHIi
emec, an 240°C-taH >xorapbl Temreparypana onap tanramabsl emec. Ax 300°C Temmeparypana Herisri oHIiM
meTan Gonazpl. Karamuszaropnapasl canbicTeipy kepcerkenaed, LaCoO,/KIT-6, mennnikTi GeTiHiH aygaHbl
YJIKeH OOJFaHABIKTaH, dNjeKaiina oencenmi. CiupTTepiH eH >KOFapbl OHIMIUTITT IEPOBCKUT LaCoO3/KIT—6
TOTBIKCBI3IaHFaH KaTaim3arop yiricinme 240°C temneparypazna anbiazabl. 240° C Temmeparypana 6apibik
KaTaJ3aTopiiap CIUPTTEpre >KOFapbl TAIFaMIBUIBIK KOpCeTeIi.

Tyiiingi ce3aep: @umep-Tporn cuHTE31, IEPOBCKUT KYPBUIBIMJIBI KATAIA3aTOP, PEAKIIHS TEMITEPaTyPaCh.
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BJIUAHUE UBMEHEHUA TEMIIEPATYPbBI HA TPOLUECC NOJYYEHUSA BBICIIINX
CIIMPTOB U3 CUHTE3-TA3A

AHHoTanus. Paborta nocssimieHa N3y4eHUIO BIMSHUS U3MEHEHHS TEMIIEPATyphbl Ha MPOLECC MOyYCHHUs
BBICIIMX CIIMPTOB M3 CHHTE3-Ta3a C UCIOJIb30BAHUEM TIEPOBCKU TOMOAOOHBIX KaTrajau3aTtopoB. B Hacrosmiee
BpeMs MIEPOBCKUTONOJO0OHbBIE OKCHIBI PACCMATPUBAIOTCSA KaK MEPCICKTHBHBIC KaTaau3aTopbl JJIsi CHHTE3a
@umepa-Tponiua, 6aaronaps cBoeil BEICOKOM aKTMBHOCTH, CTAOMIJIBHOCTH, CEJIEKTHBHOCTH M HEBBICOKOH
nere. OOpa3ibl KaTaau3aToOpOB OBUIM MOJTYYEHBI METONAMH CO OCAXKACHHS B MSTKHUX THAPOTEPMaIbHBIX
YCIIOBHSIX U IUTPATHBIM MeTOZI0M. Mopdoorus, CTpyKTypa, COCTaB KaTaJIn3aTOpOB ObLIN OXapaKTePHU30BaHbI
¢ nomouipto COM, BOT, POA u 31eMEHTHBIM aHAJIN30M M MIPOTECTHUPOBAHBI B CHHTE3 CIUPTA U3 CHHTE3-
raza (Cunre3 ®umepa-Tpomma). Karanutuueckue ucmbiTanus oOpas3loB BBINONHSIIMCH Ha YCTaHOBKE
cunre3a QPumepa-Tpomnma. DKCEpUMEHTANbHBIE PE3YJbTaThl MOKA3aJd, YTO TEMIEPAaTypHOE OKHO, B
KOTOPOM MOJTyYEHHBIC KaTaau3aTOpbl aKTUBHBI M CENICKTHBHBI, He MHUPOKo. [Ipu Temneparypax Himke 210°
C karaiu3aTopbl HEaKTHUBHBIL, a IpU Temreparype Boime 240°C - HecenektuBHbI. [Ipu Temneparype 300°C
OCHOBHOM NpOoyKT - MeTaH. CpaBHEHHE KaTanu3aropoB nokasbisaet, uto LaCoO /KIT-6, nMes yBenmuueHHy10
VACTBHYIO TOBEPXHOCTb, HAMHOTO akTuBHee. HamOomnpinas mpogyKTHMBHOCTH CIMpTa Oblla MOJy4YeHa Ha
o0pasie BOCCTaHOBIEHHOTO Karanusaropa Ha ocHose neposckura LaCoO,/KIT-6 npu Temneparype 240°C.
[Tpu Temmeparype 240°C Bce KaTamu3aTopbl OKa3bIBAIOT BBICOKYIO CEJICKTUBHOCTB Ha CITUPTEHI.

KitroueBble ciioBa: cunres @umiepa-Tpomnina, IepoOBCKUTHBINA KaTannu3aTop, TeMIeparypa peakiuu.
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29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.

CoTpyasHMKH U KOJLJIeTH.
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