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INVESTIGATION OF CONVERSION OF N-BUTANE TO LIGHT OLEFINS ON CATALYSTS
Pd/]y-A|203 AND Pd/SIOz

Abstract: The results of the conversion of n-butane on supported palladium catalysts in a stationary
mode in the temperature range of 400-600 °C, at atmospheric pressure and a volumetric feed rate of n-butane
of 250 h-" are presented. The catalysts were obtained by the method of incipient wetness impregnation using
y-Al03 and SiO (silica gel) as supports, the palladium loading was 1 and 3%. It was found that, along with
the dehydrogenation of n-butane, cracking processes occur in parallel, leading to the formation of both olefins
(ethylene, propylene) and alkanes (methane, ethane, propane), isomerization of n-butane to isobutane, and
other reactions. Hydrogen contained in contact gases is equivalent to the amount of dehydrogenation and
degradation products. In trace amounts, non-condensed liquid products such as pentane and aromatics are
present in the gas phase. The catalysts were studied by SEM-EDS to determine the morphology of catalysts
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and the elemental composition of individual sections of their surface, and the specific surface area of the
catalysts was also determined.
Key words: catalyst, palladium, alumina, silica, dehydrogenation, alkanes, n-butane, olefins.

Introduction

Light alkanes are the main components of natural gas and crude oil. Despite the long-
standing interest in hydrocarbon dehydrogenation reactions, the development of new active,
selective, and energy-efficient catalysts remains an urgent problem. Catalytic dehydrogenation of
light alkanes can effectively produce olefins and hydrogen. Light olefins, such as ethylene,
propylene, and butenes, are bulk commodities and important building blocks for the production of
value-added polymers [1, 2]. The demand for these olefins has been growing rapidly in recent years
[3]. Today, this problem is especially due to the necessity of processing associated petroleum gases,
which are still flared in large quantities in oil-producing regions. The processing of hydrocarbon
gases can be carried out via two main routes: oxidative dehydrogenation, producing light olefins and
water, and non-oxidative dehydrogenation, yielding light olefins and hydrogen. The last route is
preferable, since both products are highly demanded by the petrochemical industry. In reviews [4,
5], existing dehydrogenation catalysts were reviewed; however, very limited information is available
in the literature on the use of palladium catalysts in the non-oxidative dehydrogenation of light
alkanes.

In a study [6], the addition of Ga to Pd/Al,O; significantly affects palladium dispersion,
catalytic activity, and selectivity in the n-butane dehydrogenation reaction at 500 °C. Ga changes the
surface properties of Pd, inhibiting hydrogenolysis and carbon deposit coking, leading to higher
selectivity for n-butenes compared to monometallic Pd catalysts.

Miller and co-workers conducted ethane and propane dehydrogenation on Pd intermetallic
alloy catalysts: Pd-Zn [7], Pd-In [8], Pd-Fe [9]. All catalysts exhibited higher dehydrogenation activity,
olefin selectivity, and stability compared to monometallic Pd catalysts. It was proposed that the high
olefin selectivity arises from geometrically isolated Pd active sites located near inactive metallic
promoters (geometric effect). At the same time, inactive metal changes the electronic structure of
the Pd 4d orbital (electronic effect) [7-9]. In another study [10], well-dispersed Pd nanopatrticles were
prepared and encapsulated within IPC-2 and IPC-4 zeolites using the ADOR approach based on a
3D-2D-3D structural transformation. Pd nanoparticles inside zeolite channels prevent their
agglomeration and sintering during the reaction of butane dehydrogenation, whereas Pd NPs in
catalysts synthesized by the impregnation method tend to grow in size under reaction conditions
[11]. A series of Pt-, Pd-, and Ru-based metals promoted by a second non-noble metal (Zn, Cu, Sn,
or Fe) were synthesized and confined inside silicalite-1 crystals using a ligand-protected method.
The second metal effectively stabilized and dispersed the noble metal atoms within the rigid S-1
zeolite framework via Si—-O-M bonds, in this way enabling a reduction in the loading of expensive
noble metals. The resulting bimetallic catalysts exhibited excellent performance in the non-oxidative
propane dehydrogenation reaction.

Studies directly comparing Pd/y-Al,Os; and Pd/SiO, catalysts in the non-oxidative
dehydrogenation of n-butane under the same reaction conditions are still limited. In particular, there
is insufficient information on how palladium dispersion, its real content on the support, and the
distribution of metal particles affect the activity and selectivity of the reaction. For this reason, further
investigation of the physicochemical properties of these catalysts and their behavior during the
reaction is necessary.

The aim of this work is to study how the type of support and palladium loading influence the
catalytic performance in non-oxidative n-butane dehydrogenation, with special attention to the
relationship between metal dispersion, metal-support interaction, and the formation of C,-C. olefins.

Materials and methods

The catalysts with a palladium content of 1 % and 3 % were synthesized on y-Al,O; and SiO,
supports by the impregnation method, where a salt with the active metal is dissolved in water, with
the solution volume equal to the pore volume of the support. The work began with the preparation of
the supports: fractions with a size of 1.5-1.8 mm were selected by sieving and calcined in a muffle
furnace at 400°C for 3 hours. Then, the pore volume of the prepared supports was determined. The
support was impregnated with the resulting solution and left overnight. The process of n-butane
conversion is carried out in a flow-reactor with a fixed bed catalyst. The volume of the catalyst was
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5.2 ml. The experiment was carried out in the temperature range from 400 to 600 °C at atmospheric
pressure, with a feed rate of 250 h™'. Gas supply from the cylinder was carried out from top to bottom
with flow control by means of a flow regulator. Uniform heating of the reaction zone was ensured by
an electric furnace. At each temperature point, the process was maintained continuously for 30
minutes, and the composition of the reaction products was analyzed at fixed time intervals for all
investigated catalysts. Under the conditions of the experiment, liquid products were absent. Gaseous
products entered the analytical system and were analyzed by gas liquid chromatography (GLC) on
a chromatograph “Chromatek Kristall 5000.2” with a flame ionization detector.

Scanning electron microscopy (SEM) was used to assess the uniformity of the distribution of
the metal on the surface of the carrier and for the local determination of the elemental composition.
Photomicrographs were obtained using an electron microscope JSM 6610LV. The accelerating
voltage was 20 kV, with a resolution from 1 to 500 um. This method is based on the registration of
characteristic X-ray radiation generated by irradiation of the surface with an electron beam, which
allows for the precise determination of the elemental composition at selected points of the sample.

The BET (Brunauer-Emmet-Teller) method was used to determine the specific surface area
of the catalysts.

Results

The results of conversion of n-butane over Pd-containing catalysts supported on y-Al,Oz are
presented in Tables 1 and 2. As can be seen, from the data in Table 1, for the 1% Pd/y-Al,O3; sample,
an increase of both the conversion of n-butane and the yield of olefin hydrocarbons is observed with
increasing temperature reaching 45 and 31%, respectively, at 600 ° C. The selectivity towards olefin
formation in the studied temperature range varies from 68.9% to 76.3%.

Sample 3% Pd/y-Al,O3 exhibits lower catalytic activity compared to sample 1% Pd/y-Al,Os.
Thus, the yield of olefins at 600 °C is 23.9%, which is 7.1% lower than for the 1% Pd/y-Al,O3; sample.

Table 1 — Influence of temperature on the main indicators of the process of conversion of n-
butane on Pd/y-Al.O3 catalysts

Selectivity, %

T, | x| v s, S 12« 21 8| 38 18¢| g
Catalyst oC % % % 8 = (i < = Fcﬁ = ci £
S | 20| S o > | 20| &

T < w & m <
400 4 3.1 76,3 14 3,7 0,5 57 | 70,0 | 186 | —
450 3 2,5 73,0 1,6 3,6 0,9 51 | 67,0 | 21,7 -
1% Pd/y-Al203 500 5 3,7 71,8 3,0 8,2 22 | 100 | 596 | 146 | 24
550 16 12,3 78,4 32 | 121 | 55 | 130 | 59,9 | 50 | 1,3
600 45 31,0 | 68,9 34 | 214 | 95 | 170 | 424 | 43 |19
400 7 4,7 68,0 18 | 133 | 0,2 64 | 61,4 | 169 | -
450 4 3,0 69,0 27 | 105 | 07 58 | 625 | 179 | -
3% Pd/y-Al203 500 6 4,2 73,3 2,8 7,0 1,2 55 | 66,6 | 13,3 | 3,6
550 14 105 | 76,9 32 | 124 | 55 | 12,1 | 59,3 | 56 | 2,0
600 36 23,9 67,0 39 | 234 | 99 | 195|376 | 38 |19

Note: T — The reaction temperature; X — conversion; Y — yield of C2-Ca olefins; S — selectivity for the formation of C2-C4
olefins

Data on the composition of the products of n-butane conversion over 1% Pd/y-Al,Os; and 3%
Pd/y-Al,Os catalysts are given in Table 2. The main products are hydrogen, methane, ethane and
olefins. Normal pentane and isopentanes are presented in small quantities and at a temperature of
500 °C and higher, the formation of aromatic hydrocarbons in small amounts (benzene, toluene) are
observed. The obtained reaction products contain ethylene, propylene and butene isomers. The
concentration of methane, ethane and olefins in the reaction products grows with increasing
temperature of process, and the total content of Cs-Cs alkanes decreases, mainly due to the
conversion of n-butane. The concentration of aromatic hydrocarbons varies slightly with increasing
temperature. The largest amount of olefin hydrocarbons is formed over the 1% Pd/y-Al.Oz sample.
At 600 °C, butenes (19%) prevail, while the yields of propylene are 7.7%, and ethylene is 4.3%.

Based on the experimental findings, the conversion of n butane is not limited to
dehydrogenation. The reaction system also involves parallel cracking processes, leading to the
formation of lower alkanes (CH,, C,H¢, C3Hg), the isomerization of n butane isobutane, and a series
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of consecutive reactions involving intermediate compounds, namely aromatization and
dehydrocyclization.

Table 2 — The composition of the products of the conversion of n-butane on catalysts Pd/y-

Al;O3
Yield of products,%

o () (] o (%] ()
Catalyst TC | X% | & | 5 | 5| & 2|25 8
s | 8| g | 2| 8| 5|25 %
T S i} & m < <
400 | 4 | 006 | 01 | 004 | 002 | 02 | 29 | 967 | -
450 | 3 | 006 | 01 | 003 |003]| 02 | 23 | 974 | -
1% Pd/y-Al:03 500 | 5 | 015 | 03 | 012 | 011 | 05 | 30 | 956 | 01
550 | 16 | 050 | 1.2 | 0,69 | 087 | 20 | 94 | 851 | 02
600 | 45 | 152 | 56 | 397 | 428 | 7.7 | 190 | 570 | 09
400 | 7 | 01 | 07 | 02 | 001 ]| 04 | 43 | 942 | -
450 | 4 | o1 | 04 | - |003]| 03 | 27 | 964 | -
500 | 6 | 02 | 03 | 01 | 007 | 03 | 38 | 951 | 0.2
3% Pd/y-Al20s 550 | 14 | 04 | 11 | 06 | 07 | 16 | 81 | 872 | 03
600 | 36 | 14 | 52 | 31 | 35 | 7.0 | 134 | 657 | 07

Note: T — Temperature of reaction; X — Conversion

The results of n-butane conversion on SiO, samples containing 1 and 3% palladium are
presented in Tables 3 and 4. According to Table 3, samples 1% Pd/SiO, and 3% Pd/SiO; are
characterized by almost the same total catalytic (estimated by the degree of conversion of n-butane)
and dehydrogenating activity. The conversion of n-butane at 600 °C for both catalysts is 23%, while
the selectivity to olefin hydrocarbons on the 1% Pd/SiO, sample is slightly higher than for the 3%
Pd/SiO, sample.

Table 3 — Influence of temperature on the main indicators of the process of conversion of n-
butane on catalysts Pd/SiO,

Selectivity, %

T, | X | v, s, S | 8| 8 £ S 1 9o o
Catalyst c | w | % | » | 8§32 2| 2|85 |59 &
S | Z20| £ o S | 20| %z

T < w a m <
400 4 35 | 81,9 | 03 0,5 0,1 04 | 814 | 172 | -
450 4 3,6 82,1 0,3 0,6 0,2 0,5 814 | 17,1 -
1% Pd/SiO: 500 5 37 | 798 | 05 31 15 | 48 | 735 | 156 | 1,1
550 7 55 | 750 | 05 | 134 | 81 | 21,8 | 451 | 100 | 1.1
600 23 16,2 70,2 0,5 250 | 18,0 | 37,3 | 149 3,2 1,1
400 5 3,7 82,7 0,2 0,5 - 0,1 82,6 | 16,6 -
450 4 36 | 822 | 04 | 07 0,1 04 | 81,7 | 168 | -
3% Pd/SiO: 500 5 38 | 80,8 | 04 2,3 1,0 32 | 76,6 | 157 | 08
550 7 47 | 714 | 22 | 131 | 6,4 | 198 | 452 | 11,6 | 1,7
600 23 | 154 | 678 | 16 | 2641 | 157 | 376 | 145 | 32 | 13

Note: T — Temperature of reaction; X — conversion; Y — yield of C2-C4 olefins; S — selectivity for the formation of C2-C4
olefins

Analysis of the n-butane transformation process using 1% Pd/SiO, and 3% Pd/SiO, catalysts
reveals a similar product profile for both systems. The principal reaction outputs are olefin
hydrocarbons in the C,-C, range and saturated hydrocarbons (alkanes) from C; to Cs. Secondary
products, including hydrogen, methane/ethane (C,-C, alkanes), and aromatic species, are present
only in small quantities, as detailed in Table 4.

At the same time, it can be noted that significant differences are observed in the content of
hydrogen, methane, ethane and olefins in gaseous products obtained on Pd-containing catalysts
prepared on the carrier of y-Al,Os and SiO.: over Pd/y-Al,O; samples more cracking products,
especially at high temperature, while over Pd / SiO, catalysts show much higher selectivity to Cs
alkanes, meaning butenes are the dominant products (Tables 2 and 4).
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Table 4 — The composition of the products of the conversion of n-butane on Pd/SiO,

Yield of products, %
S ) 1) c n n
T, X, @ [ < [} O 0 0
Catalyst oc % 2 S § S |20 £ % S %
S 4 i £ |2 S |20 | Z
T = L o o <
400 4 0,01 0,01 | 0,01 - 0,02 3,5 96,4 -
450 4 0,01 0,02 | 0,01 | 0,01 | 0,02 3,5 96,4 -
1% Pd/SiO2 500 5 0,02 0,09 | 0,05 | 0,07 | 0,22 3,4 96,1 | 0,05
550 7 0,04 0,62 | 0,36 | 0,59 1,59 3,3 93,4 | 0,08
600 23 0,12 3,73 | 205 | 4,16 | 8,61 3,4 77,6 | 0,26
400 5 — — — - - 3,7 96,2 -
450 4 - - - - - 3,6 96,3 -
3% Pd/SiO2 500 5 - 0,1 - - 0,2 3,6 96,0 -
550 7 0,1 0,6 0,3 0,4 1,3 3,0 94,2 0,1
600 23 0,4 3,8 2,1 3,6 8,6 3,3 78,0 0,3
Note: T — Temperature of reaction; X — Conversion

Figure 1 shows the comparative characteristics of the catalytic activity of the studied catalysts
during the conversion of n-butane to C,-C4 olefin hydrocarbons at 600 ° C and a Weight Hourly
Space Velocity (WHSV) of 250 h=. It can be seen that the 1% Pd/y-Al.O3z has the highest activity
and selectivity towards olefins. The n-butane conversion and the yield of olefin hydrocarbons on this
sample are 45 and 31.0%, respectively. An increase in the concentration of palladium deposited on
y-Al,O3 leads to a decrease in catalytic activity and selectivity. The lowest activity in the process of
n-butane dehydrogenation is shown for catalysts prepared on silica gel support. Moreover, the
concentration of introduced palladium does not significantly affect the catalytic properties of samples
based on SiO,.

80 m Conversion = Yield of olefins 1 Selectivity of olefins

70
PN C

[

60

50 A

40
30 1

] -
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10 4 —_—

0 - |

1% Pd/y-Al203 3% Pd/y-Al203 1% Pd/SiO2 3% Pd/SiO2

Figure 1 — Comparative activity of palladium-containing supported catalysts (T = 600 °C)
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Table 5 shows the elemental composition at the selected sites for all Pd-containing catalysts.
It can be seen that the samples supported on y-Al.O3 are characterized by a uniform distribution of
palladium with an average content of 1.23% for the 1% Pd/y-Al,O3 sample and 3.18% for the 3%
Pd/y-Al,Os. The 1% Pd/SiO; catalyst is also presented in Table 5, loading of palladium is evenly
distributed on the catalyst surface. Its average content is 0.86%, which is slightly less than the
calculated amount of palladium. For the 3% Pd/SiO, catalyst, the elemental composition of three
sections was also studied, the obtained data indicate that palladium on silica gel is not distributed
evenly. The palladium content reaches 3.30% in some spots, while in others it is 2.11%. The average
palladium content was found to be 2.58%, which is lower than the nominal value.

This heterogeneity in palladium distribution may be attributed to limitations of the
impregnation procedure, local variations in the porosity of the SiO. support, and possible
agglomeration of Pd species during drying and calcination. Such non-uniform distribution of the
active metal may affect the local catalytic activity and overall performance of the catalyst.

Table 5 — Elemental composition for the selected sections of the catalysts Pd/y-Al,O3

Section Loading of Pd
1% Pd/y-Al203 3% Pd/y-Al203 1% Pd/SiO> 3% Pd/SiO2
1 1,14 3,29 0,94 3,30
2 1,28 3,08 0,84 2,32
3 1,26 3,18 0,81 2,11
average 1,23 3,18 0,86 2,58
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Discussion

The summarized data on n-butane conversion over the studied catalysts, together with their
elemental composition and specific surface area, are given in Table 6. As can be seen, the actual
palladium content is slightly higher than the nominal value on y-Al,Os, whereas in contrast, for silica
gel samples, measured Pd concentration is lower than the calculated amount. This difference may
be attributed to the special physicochemical properties of the supports. y-Al,O3; contains a significant
number of hydroxyl groups and coordinatively unsaturated A" sites. As a result, palladium may be
anchored more firmly to the surface of the support. Such interactions may conserve palladium and
minimize metal loss during drying, calcination, and reduction steps. In addition, strong fixation of Pd
species within the alumina surface layer may contribute to the slightly increased measured metal
content. On the other hand, silica gel is chemically more inert and exhibits weaker metal-support
interactions. Palladium precursor species may be less strongly bound to the SiO, surface, leading
to partial metal loss during preparation steps. Furthermore, differences in pore structure and surface
chemistry may result in non-uniform metal distribution, which could explain the lower experimentally
determined palladium content compared to the nominal value.

Catalysts supported on y-Al,O3; exhibit a relatively lower specific surface area compared to
silica gel-based samples. For instance, the 1% Pd/y-Al,O; catalyst possesses a surface area of 232
m?/g, which is 123 m?/g lower than that of the corresponding 1% Pd/SiO, sample. Despite the lower
surface area, the 1% Pd/y-Al,O; catalyst demonstrates the highest catalytic performance in the
conversion of n-butane to C,-C, olefins. At 600 °C, it achieves an olefin yield of 31.0% at an n-butane
conversion of 45%. This suggests that the reaction is influenced more by metal-support interactions
and electronic effects than simply by surface area. The enhanced performance of Pd/y-Al,O3 can be
attributed to stronger metal-support interactions and the acid-base properties of alumina. In addition,
the presence of moderate Lewis acidity on y-Al,Oz; may promote 3-H elimination and facilitate olefin
desorption, thereby enhancing selectivity toward C,-C, olefins while suppressing deep cracking and
coke formation. In contrast, silica-supported catalysts, despite their higher surface area, exhibit
weaker metal-support interactions, which can result in less stable active sites and slightly lower
catalytic efficiency. The lower activity observed for the 3% Pd samples may be explained by the
formation of larger palladium particles. As the particles grow, the number of well-dispersed active
sites decreases, which can negatively affect selective dehydrogenation. The long-term stability and
resistance to catalyst deactivation were not studied in detail in the present work, since the main focus
was on the effect of the support type and palladium loading on the activity and selectivity in n-butane
conversion. In addition, only trace amounts of aromatic compounds were detected, while heavy liquid
products were not observed. This may suggest that the formation of coke precursors under the
studied conditions was limited. However, a more reliable evaluation of catalyst stability requires
longer catalytic tests together with characterization of the spent catalysts.

Despite the formation of by-products, the process shows relatively high efficiency toward the
formation of valuable C,-C, olefins. In particular, the 1% Pd/y-Al,O; catalyst provided 45% n-butane
conversion and a 31% olefin yield at 600 °C. At the same time, the by-products formed during the
reaction, including hydrogen and light alkanes, may also be considered useful for petrochemical and
refining applications. It should also be noted that in industrial practice unreacted n-butane can be
recycled back into the process, which makes it possible to increase the overall conversion of the
feedstock while maintaining sufficiently high selectivity toward olefins.

Table 6 — The conversion of n-butane on palladium-containing catalysts (T = 600 °C) and
their specific surface area

Catalyst Actual cor01/tent of Pd, Specific suzrface area, Conversion, Yield of olefins, %
() m?3/g %
1% Pd/y-Al203 1,23 232 45 31,0
3% Pd/y-Al203 3,18 221 36 23,9
1% Pd/SiO2 0,86 355 23 16,3
3% Pd/SiO2 2,58 322 23 15,5
Conclusion

The obtained results show that palladium catalysts can effectively convert n-butane into C,-
C, olefins. Their performance depends strongly on both the palladium loading and the type of
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support. The 1% Pd catalysts demonstrate better activity and selectivity than the 3% Pd samples,
mainly due to improved metal dispersion and a higher number of accessible active sites, while higher
loading promotes particle aggregation and side reactions. Among the studied systems, Pd/y-Al,O3
exhibits the best catalytic behavior, which can be attributed to stronger metal-support interactions
and the contribution of surface acid-base sites to C-H bond activation. Overall, the 1% Pd/y-Al,O;
catalyst provides the most balanced combination of activity and selectivity and appears promising
for the efficient utilization of light alkanes as feedstock for petrochemical production. The obtained
results contribute to the understanding of structure-performance relationships in Pd-based
dehydrogenation catalysts and may serve as a basis for rational design of selective systems for light
alkane.
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Pd/y-Al>03 XKOHE Pd/ SiO, KATAITU3ATOPbI KATbICbIHOA K-B¥TAHHbIH TOMEHI'T ONE®UHAEPTE
AWHANYbIH 3EPTTEY
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Makanada H-6ymaHHbIH nannadulidi mackiMandarbiuKa OMbIPFbI3blIFaH KamasnusamoprapbiHoa
400-600 °C memnepamypa aparnbifrbiH0a, cmayuoHapbiK xardatida, ammocqhepariblK KbiCbiMOa, 2a30biH
kenemOik  xbindamobirbl 250 caram™' H-6ymaHHbIH e32epici KenmipineeH. Kamanuszamopnapdbi
macbivandarbilumblH — bliiFasl  CbilbIMObIFbl  HezidiHde  CiHipy  odiciveH  QasiprnaHObIl,  nannadul
KoHuyeHmpauyusicel 1 meH 3%, macbimandarbiwu pemiHde y-Al;O3 xoeHe SiO, (cunukazesib) arbIHObI.
Kamanusamopnap akcniepumeHm andbiHOa peakmopda CymekneH mombiKCbi30aHObIpblIObl. H-6ymaH
OeaudpneyimeH bipee KpeKkuHe, usoMeprieHy, biObipay peakuyusnapbl Xypedi, byn mysinzeH onepuHOepMeH
(amuneH, nponuneH, 6ymeH-1, yuc- xeHe mpaHc-b6ymeHbi-2) MeH arikaHOapMeH (MemaH, amaH, fpornaH,
u3obymat) danendeHedi. H-6ymaH usobymarra usomepnedi, an 6acka peakyusnapObiH kernemi a3. KoHmakm
2a30bIH KypambiHOarbl aHbIKmarnfsaH cymekmiH kernemi deacudpriey MeH biObipay eHiMOepiHe akguganeHmmi.
Peakuyus eHimOepiHiH KypambiHOa koHOeHcayusinaHbaraH cylibiKk NeHmaH MeH apoMammbl KOCbifibicmapOobiH
i3i mabbinadbl. KamanusamoprapdbiH MeHwikmi 6emi BAT adiciveH aHbikmanbin, COM-3LC apKbinbi
6emiHiH XUMUSINbIK Kypambl aHbIKmMarnobi.

TyliiH ce30ep: kamanu3zamop, nannadull, anoMuHul okcudi, KpemHuli okcudi, deaudpiey, ankaHoap,
K-6ymaH, onegbuHoep.
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MCCNEQOBAHUE NPEBPALLEHUA H-BYTAHA B HU3LLUE ONE®UHbI HA KATATTU3ATOPAX
Pd/y-Al,03 W Pd/SiO;

lNpedcmasneHs! pe3ynbmamel KOHeepcuu H-bymaHa Ha HaHEeCEeHHbIX nannaduesbix kKamanusamopax
8 CmayuoHapHOM pexume 8 uHmepesasne memnepamypsi 400-600 °C, npu ammocgepHom OasrneHuu u
obbemHolU ckopocmu nodayu H-6ymaHa 250 4~l. Kamanusamopbl nony4yeHbl MemoOoM MPOnuUMmKU o
enazoeMKocmu Hocumernel, 8 Kayecmee KomopbiXx ucrionb3oganu y-Al,Oz u SiO. (cunukazens),
KOHUeHmpauyus nasnnadusi 8 Hux cocmasensna 1 u 3%. YcmaHoeneHo, 4mo Hapsady ¢ deaudpuposaHUeM H-
bymaHa napasnniesibHO NpomeKarm Mpouecchl KpekuHaa, npueodsujue K obpa3osaHulo Kak osie¢huHo8
(amuneH, nporusneH), mak U arnkaHo8 (MemaH, amaH, rpornaH), usomepusauyuu H-bymaHa 8 u3obymaH u
Opyeue peakyuu. Bodopod, codepxauwjulicss 8 KOHMaKmMHbIX 2a3ax, sKkeusaneHmeH Konuyecmsy rnpodykmos
OeauldpuposaHuss u Oecmpykuyuu. B cnedoesix konudyecmeax 6 2a3osol ¢hase npucymemesyom
HECKOHOeHcUpoBaHHble XXUOKUe MpoOyKmbl, makue KakK [eHmaH U apoMamu4yeckue COeOUHEHUS.
Kamanusamopsi uccrniedogaHbl memodom COM-3/]C ¢ onpedeneHuem anneMeHmMHo20 cocmasa omoesibHbIX
y4acmkos rnogepxHocmu, a makxe onpedesneHa nnowads ydenbHol nosepxHocmu memodom b3T.

Knroyeenlie csioea: kamanusamop, nannadull, oOKkcud artoMUHUS, OKCUO KpeMHus, OecudpuposaHue,
arnkaHbl, H-6ymat, ofe¢buHsbl.
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TAY-KEH XXOHE METAJITYPIUA KELWEHIHIH TEXHOIEHAIK KANABIKTAPbIH
BUONOINANbIK LLAMMANAY 8AICIMEH ©HAEY

AHOamna. byn wmakanada KasakcmaH PecnybnukacbiHbIH may-KeH Memarsypausi KelweHiHiH
mexHoz2eHOIK KandbiKmapbl mycmi XeHe cupek kezdecemiH memarndapObiH rnepcriekmugarbi eKiHWi pemmik
Kke3i pemiHde Kapacmblpbinadbl. 3epmmey HbicaHbl pemiHOe bankaw 6alibimy abpukacbiHbIH MbIC
KkeHOepiH 6alibimy KandbiKmapb! anbiHObI, ofap cunukammsl MmampuuameH (Si = 36 %) xoHe Cu (=0,32 %)
meH Zn (=0,77 %) Kandbik menwepnepiHiH 6onybiMeH cunammanadel. ICP-OES oadicimeH onapdbiH
XUMUSITIBIK, 2paHyfIOMempusifibiK  XoHe (u3UKa-XUMUSbIK KypambiHa KeweHOi manday xypeisinoi.
Llukisammebl dalibiHday npouecmepi, OHbIH iWiHOe ycakmay, Malidanay xeHe xikmey 3epmmerndi, coHOal-akK
matidanay pexumoOepiHiH oHmaulnaHObIpbiybl Xypeidindi. benwek enwemiH <40 Mkm OeliH aszalimy
wadmanay muimdinieiH apmmeipyObiH Hezisai hakmopbl ekeHi kepcemindi. Mukpogmroudmik 6eny meH
buowalmanayObl KaMmumbiH  UHMezgpayusiiaHFaH Kalma eHOey  MEexXHOS02usiCbl  YCbIHbIIObI.
Mukpogbniroudmik 6eny npouyeci makcammabi pakyusida mbicmbiH 0,52-0,58 %-ra OeliH cenekmusmi
KOHUeHmprieHyiH xoHe 70-75% OJOeHeeliHde arnblHyblH KaMmamachl3 ememiHi aHbikmandsl. OHmalinsi
XarOalnapda (pH 1,8-1,9; T = 31-32°C) xypaizineeH 6uonoausinsik waliManay HomuxeciHoe memandapobl
6enin any depexeci Cu 60-63 %, Zn — 55-58 % OeliH xememiHi kepcemindi. AnbiHFaH Hamuxernep

©P.H. AxurynoBa, B.X. Mycabaesa, A K. XXycynoBa, A.Temupoa, A. AGbinarixaH, 2026

ISSN 2788-7995 (Print) [IIokopiM yHHBEpCUTETiHIH Xabapiubichl. TexHuKanbIK FelabiMaap Ne 2(22) 2026 704
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(22) 2026


mailto:srkonuspayev@mail.ru
http://orcid.org/0000-0002-9436-6147
mailto:pika@ipc.tsc.ru
http://orcid.org/0000-0002-7569-0902
mailto:dana.tleugabylova@mail.ru
https://orcid.org/0000-0002-7013-7585
mailto:antonvosmerikov@gmail.com
http://orcid.org/0000-0003-2876-8647
http://orcid.org/0000-0003-2876-8647
mailto:srkonuspayev@mail.ru
http://orcid.org/0000-0002-9436-6147
http://orcid.org/0000-0002-7569-0902
https://doi.org/10.53360/2788-7995-2026-2(22)-72

