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Abstract:- A technology has been developed to obtain a strong carrier of a catalyst for primary reforming of natural gas based on 

alumina and calcium hydroxide or carbonate with a ratio of Ca/Al2O3 = 3,5÷3,8. The reforming catalyst has a mechanical strength of no 

change of 44,5 MPa/5 m2; the volumetric yield of methane at 500°C is -35,5%, and at 700°C it is -3%. 
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Introduction. 

One of the most rational ways to intensify chemical production 

is to reduce the dry matter content and introduce new, more 

efficient catalysts. In Uzbekistan and abroad, research is 

underway in the development of catalysts for the production of 

synthesis gas, as well as for existing industrial enterprises, as 

well as for alternative production processes. 

 

Literature analysis. 

The supported type catalysts are produced for the hydrocarbon 

conversion process: GIAP-3-64, GIAP-8, GIAP-18, KR-1, K-

87, K-905, AKI-M, NIAP-03-01, KATASSO 25-4Q; 57-4Q, 

RK-211, RK-20, R-67-7H, Refor-Max 300 and mixed type 

GIAP-16, GIAP-19. 

Mixed catalysts have 23-26% NiO in their composition, which 

is 2-3 times more than in supported catalysts. Mixed catalysts 

lose their strength when heated in air above 8000C. 

Due to the high nickel content and the application method, mixed 

catalysts lose their strength; during reduction, nickel goes into a 

low-active form both during preparation and during operation. 

Due to these shortcomings, the average duration of mixed 

catalysts rarely exceeds 3 years [1]. 

Therefore, all well-known foreign companies use supported 

catalysts for hydrocarbon gas conversion processes. 

The supported catalysts contain 7.5-14% NiO on a ceramic 

corundum support of α-Al2O3, used in pure form or with 

additives. 

Haldor Topsoe catalysts also use magnesium spinel-based 

supports. Carriers used by JonsonMatthey and Clariant are 

composed of calcium aluminate. 

Calcium monoaluminate CaO ∙ Al2O3 was obtained in Nicece by 

the reaction of limestone with alumina at 1480-15200С. 

By treatment with monoaluminate calcium, carriers with high 

mechanical strength were obtained [1]. 

The work [2] is devoted to the production of corundum support 

with a bulk density of 0.90-0.98 kg / dm3, water absorption of 

19-21.7%, and mass fraction of Al2O3 -99.5-99.7%. 

Using alumina containing a certain amount of α-Al2O3 and 

aluminum hydroxide in the form of hydrogillite, the carrier was 
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obtained with water absorption of 23-24% and a strength of 520-

680 kg / cm2. 

It is known [3] that CaO c ∙ Al2O3 forms the compounds CaO ∙ 

2Al2O3, 3СaO ∙ Al2O3, 5СaO∙Al2O3 and others, depending on the 

ratio of CaO ∙ Al2O3 and the firing temperature. With the ratio 

CaO ∙ Al2O3 = 0.354: 0.645, the invariant point in the CaO ∙ 

Al2O3 system corresponding to calcium monoaluminate is at a 

temperature of 14000С. Therefore, the temperature of calcination 

of the carrier with the addition of calcium should not be lower 

than 14000C. 

For a uniform separation of calcium, it is recommended to add 

calcium in the form of a nitric acid aqueous solution. 

The primary reforming catalyst carrier of the ChKR-3-06 brand 

prepared according to the technology developed in Uzbekistan 

at Maxam-Chirchik JSC consisted of Al2O3 with the addition of 

4-5% CaO. A 20 ton pilot-production batch was produced, which 

was successfully tested in the reforming furnace of Maxam-

Chirchik JSC. 

The catalyst has the following characteristics: carrier moisture 

content (17-18.5)%, mechanical tensile strength at crushing at 

the end-18 MPa / cm2, mass fraction of nickel in the enumerate 

to NiO,% -10.5 ± 1.5, mass calcium fraction in terms of CaO,% 

-4 ± 1, mass fraction of aluminum in terms of Al2O3,% -82 ÷ 

95.5, activity-volume fraction of residual methane,%: at 5000С -

37, at 7000С -8. 

The catalyst for quality, activity, the catalyst for quality, activity 

meets the requirements of the normative document Kat 6.3-106: 

2006, however, mechanical strength in comparison with the best 

analogues is not enough. 

Methods and materials. 

The aim of the work was to obtain durable media and primary 

reforming catalyst. Alumina state standard 30559-98, calcium 

hydroxide TU-6-18-75-75, graphite, wood flour, nickel nitrate, 

aluminum nitrate, magnesium oxide were used as raw materials 

for the preparation of supports and catalysts. 

Results and discussion. 

For comparison, we selected a Catalco DonhsonMattey catalyst 

- 25-4 Q and 57-4 Q, whose support consists mainly of calcium 

and aluminum oxides and has a strength of 50-60 MPa / cm2. 

 It is well known that the mechanical properties of a 

carrier depend on the structure, chemical and phase composition 

of the material. X-ray diffraction studies of the ChKR-3-06 

catalyst and the DonhsonMattey company showed that the 

catalyst support consists mainly of calcium dialuminate CaО • 

2Al2O3 and in the α-form contains 21.75% CaO, while the 

catalyst support ChKR 3-06 corresponds to hexaaluminate 

calcium in β-form CaО • 6Al2O3 which is less stable than α-form 

of calcium dialuminate. 

Based on the results of x-ray studies, we can conclude that with 

an increase in the mass fraction of calcium oxide, the strength of 

the carrier increases. This is due to the greater binding of calcium 

oxide to alumina. In the case of CKR-3-06, the amount of CaO 

is insufficient for more complete binding to Al2O3 and transition 

to a stable α - form. In addition to the phase composition of the 

carrier, it is necessary to take into account the effect of fineness 

of grinding of reagents, calcination temperature of samples, and 

exposure time at a given temperature [4]. 

The search for ways to increase the strength of the carrier was 

carried out in two directions: 

-the introduction of magnesium oxide instead of calcium oxide 

in the carrier to form high-strength aluminum-magnesium 

spinel.  

-an increase in the mass fraction of calcium oxide in the 

composition of the carrier. 

Magnesium-aluminum carriers. 

 The starting components for aluminum-magnesium carriers 

were: magnesium oxide and magnesite state standard 1216-87, 

containing at least 87% magnesium and alumina state standard 

6912 - 87. Nitric acid was used as a plasticizer, and wood flour 

was used as a steam generator. 

The dry components of the mixture were mixed, then HNO3 was 

added with a mass fraction of 38% to obtain a pasty mass, which 

was transferred to an electromechanical Z-shaped mixer, where 

it was mixed for 40-60 minutes. The resulting homogeneous 

mass was molded, first dried in air, then dried in an oven at a 

temperature of 100-1200C for at least 8 hours, then calcined at a 

temperature of 14000C. 

Carrier samples were prepared with the following composition: 

mass fraction of MgO - 27.6%, Al2O3 - 72.4%, wood flour (pore 

former) 10% of (Al2O3 + MgO). Nitric acid with a mass fraction 

of 38% was used as a plasticizer. The resulting mass was dried 

and calcined at a temperature of 14000C formed into tablets. 

The strength of the obtained carrier sample was not high 6.4 MPa 

/ cm2, the water capacity was 29.5%. Obviously, the temperature 
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strength of the carrier was affected by insufficient temperature 

and exposure time at a given temperature. 

Calcium alumina carriers. 

Carriers based on calcium and aluminum oxides were prepared 

as follows: the calculated amount of Al2O3 and Ca(OH)2 or 

CaCO3 in dry form was thoroughly mixed with a plasticizer, 

which was used either distilled water or nitric acid with a mass 

fraction of 20% until a moistened mass was formed, which was 

then placed in a Z-shaped mixer, where it was stirred for an hour 

until a plastic, well-formed mass was obtained. Rectangles with 

a thickness of ~ 10 mm were formed from the resulting mass, 

first dried in air and then in an oven at a temperature of 3500C 

for 5 hours, after which they were calcined at a temperature of 

14000C. 

The calcined samples were crushed to particle sizes of 0.15 mm 

or less, the resulting powder was moistened with 4 ÷ 6.5% water 

by weight of the powder, thoroughly mixed and stabilized on a 

tablet machine. 

The obtained tablets were used as a carrier for preparing the 

catalyst by impregnating them three times with a solution of 

nitrate salts of nickel and aluminum in a ratio of 3: 1. Mass 

concentration of nickel 630 g / dm3. After each impregnation, the 

catalyst samples were dried for 5 hours at a temperature of 250-

3500С, the temperature rise rate was 600С per hour. After drying, 

the catalyst samples were still calcined for 5 hours at 5000C. 

It should be noted that carrier samples prepared by mixing Al2O3 

and CaCO3 and plasticized by HNO3 impregnated with nickel 

nitrate were destroyed, while carrier samples prepared on water 

with Ca(OH)2 were not destroyed. 

Conclusions and suggestions. 

Based on the results of the study, the following technology for 

preparing a durable support and an active catalyst for the primary 

reforming of hydrocarbon gases has been proposed. 

The technology is as follows:  

1. Mixing of aluminum oxide and calcium hydroxide with water, 

based on the content of CaO 17-18.4%. 

2. Forming the resulting paste in the form of sausages. 

3. Sinking and drying the molded paste at 3500C. 

4. Calcination at a temperature of 14000C. 

5. Grinding calcined sausages. 

6. Humidification of the obtained powder, molding on a tablet 

machine. 

7. Three-time impregnation with a solutionNiNO3 :Al(NO3)3 = 

3:1. 

8. Drying after each impregnation at a temperature of 250 - 

3000C. 

9. After the last impregnation, calcination at a temperature of 

5000C. 

The grade of catalyst is ChKR-3-07. 

Comparative characteristics of the primary hydrocarbon 

reforming catalysts produced by various firms according to our 

proposed technology are presented in table 1. 

From the table it follows that the catalyst CKR 3-07 in all 

respects is not inferior to the best world standards. 

table 1 
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