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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 2100C, the catalysts are inactive, and at 
temperatures above 2400C, they are non-selective. At a temperature of 3000C, 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 LaCoO3/KIT-6 at 240°C.Ata temperature of 2400C, 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 ABO3 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. LaCoO3/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].

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 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].

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 N2 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-Kα radiation when scanning by points with an interval of 0.050

in the range of 2θ 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: H2: N2 = 3: 6: 1 
(nitrogen as an internal standard), mixture flow rate 1 l/h, sample weight 2 g, temperature 210°С,
240°С, 300°С, 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 (Co3+ → Co2+°

→ Co0) 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 
(Co2+ → Co0). Thehy drogen feedrateis 3 l/h × 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 (H2 / CO / N2 = 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 
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Materials and methods. The methods used are briefl y summarized below. The specifi c 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 N2 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-Kα radiation when scanning by points with an 
interval of 0.050 in the range of 2θ 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 fl ow 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: H2: N2 = 3: 6: 1 (nitrogen as an internal standard), 
mixture fl ow rate 1 l/h, sample weight 2 g, temperature 210°С, 240°С, 300°С, 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 (Co3+ → Co2+° → Co0) 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 (Co2+ → Co0). 
Thehy drogen feedrateis 3 l/h × 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 fl ow 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 fl ow was changed to the fl ow of the initial reaction 
mixture (H2 / CO / N2 = 6/3/1). The mixture was fed from a balloon through a high pressure reducer. After 
establishing the desired gas fl ow, 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 fi nal reaction mixture resulting from the reaction passed through a thermostatically heated manifold and 
separators. The frequency of analysis of the fi nal 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 fl ow-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 2400C. At the same time, a change in the reaction temperature directly 
affects the ratio of selectivity to methane, alcohols and paraffi ns. It is well known, that the adsorption and 



128

ISSN 2224-5227 6. 2021

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 2100C. As mentioned 
above, at a temperature of 3000C, the selectivity drops sharply and does not exceed 11%. As for the yield of 
alcohols, catalysts are inactive at a temperature of 2100C. At 2400C and 3000C, the LaCoO3 / KIT-6 catalyst 
is more active, but the selectivity at 3000C is very low.

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 2400C. 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 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 
2100C. As mentioned above, at a temperature of 3000C, the selectivity drops sharply and does 
not exceed 11%. As for the yield of alcohols, catalysts are inactive at a temperature of 2100C. At 
2400C and 3000C, the LaCoO3 / KIT-6 catalyst is more active, but the selectivity at 3000C is 
very low.

Figure 2. Selectivity (A) and the yield of alcohol products (B) depending on the reaction temperature.

As shown in Figure 2 (B), at 2400C, the LaCoO3-1 and LaCoO3 / KIT-6 samples show 
sufficient activity. Comparison of the catalysts shows that LaCoO3 / KIT-6, having an increased 
specific surface area, is much more active.
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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 2400C, the LaCoO3-1 and LaCoO3 / KIT-6 samples show sufficient activity. 
Comparison of the catalysts shows that LaCoO3 / 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 2400C.

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 2100C, the 
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catalysts are inactive, and at temperatures above 240oC, they are non-selective. At a temperature of 3000C, 
the main product is methane. Comparison of the catalysts shows that LaCoO3/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 LaCoO3/KIT-6 at a temperature of 240°C. At a temperature of 2400C, 
all catalysts show high selectivity for alcohols.
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СИНТЕЗ ГАЗДАН ЖОҒАРЫ СПИРТТЕРДІ АЛУ ПРОЦЕСІНЕ ТЕМПЕРАТУРА 
ӨЗГЕРІСІНІҢ ӘСЕРІ

Аннотация. Жұмыс перовскит тәрізді катализаторларды қолданып синтез газынан жоғары 
спирттерді алу процесінде реакция температурасының өзгеруінің әсерін зерттеуге арналған. Қазіргі 
уақытта перовскит тәрізді оксидтер Фишер-Тропшсинтезінің перспективалы катализаторы болып 
саналады, себебі олардың белсенділігі, тұрақтылығы, талғамдылығы және құнының төмен болуы. 
Катализатор сынамалары жұмсақ гидротермиялық жағдайда бірге тұндыру және цитрат әдісімен 
алынды. Катализаторлардың морфологиясы, құрылымы, құрамы SEM, БЭТ, РФА және элементтік 
анализді қолдану арқылы сипатталды және синтез газынан спирттер синтезінде тексерілді (Фишер-
Тропшсинтезі). Үлгілердің каталитикалық сынақтары Фишер-Тропш синтездеу қондырғысында 
жүргізілді. Тәжірибе нәтижелері көрсеткендей, алынған катализаторлар белсенді және таңдамалы 
болатын температуралық диапазон емес. 2100С-тан төмен температурада катализаторлар белсенді 
емес, ал 240oС-тан жоғары температурада олар талғамды емес. Ал 3000С температурада негізгі өнім 
метан болады. Катализаторларды салыстыру көрсеткендей, LaCoO3/KIT-6, меншікті бетінің ауданы 
үлкен болғандықтан, әлдеқайда белсенді. Спирттердің ең жоғары өнімділігі перовскит LaCoO3/KIT-6 
тотықсызданған катализатор үлгісінде 240°C температурада алынды. 2400 С температурада барлық 
катализаторлар спирттерге жоғары талғамдылық көрсетеді.

Түйінді сөздер: Фишер-Тропш синтезі, перовскит құрылымды катализатор, реакция температурасы. 
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ВЛИЯНИЕ ИЗМЕНЕНИЯ ТЕМПЕРАТУРЫ НА ПРОЦЕСС ПОЛУЧЕНИЯ ВЫСШИХ 
СПИРТОВ ИЗ СИНТЕЗ-ГАЗА

Аннотация. Работа посвящена изучению влияния изменения температуры на процесс получения 
высших спиртов из синтез-газа с использованием перовски топодобных катализаторов. В настоящее 
время перовскитоподобные оксиды рассматриваются как перспективные катализаторы для синтеза 
Фишера-Тропша, благодаря своей высокой активности, стабильности, селективности и невысокой 
цене.  Образцы катализаторов были получены методами со осаждения в мягких гидротермальных 
условиях и цитратным методом. Морфология, структура, состав катализаторов были охарактеризованы 
с помощью СЭМ, БЭТ, РФА и элементным анализом и протестированы в синтез спирта из синтез-
газа (Синтез Фишера-Тропша). Каталитические испытания образцов выполнялись на установке 
синтеза Фишера-Тропша. Экспериментальные результаты показали, что температурное окно, в 
котором полученные катализаторы активны и селективны,  не широко. При температурах ниже 2100 

С катализаторы неактивны, а при температуре выше 240оС - неселективны. При температуре 3000С 
основной продукт - метан. Сравнение катализаторов показывает, что LaCoO3/KIT-6, имея увеличенную 
удельную поверхность, намного активнее. Наибольшая продуктивность спирта была получена на 
образце восстановленного катализатора на основе перовскита LaCoO3/KIT-6 при температуре 240оС. 
При температуре 2400С все катализаторы показывают  высокую селективность на спирты.

Ключевые слова: синтез Фишера-Тропша, перовскитный катализатор, температура реакции.
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Нигметова Роза Шукургалиевна, которая 18 лет была заведующей лабораторией сверхчистых 
металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 
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старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.
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