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Abstract: Mixtures of light alkanes simulate associated gas of oil production, the problem ofprocessing of
which remains relevant both in the world and in Kazakhstan. New supported catalysts based onplatinum metals
have been proposedfor the dehydrogenation reaction ofa mixture oflight alkanes to the corresponding olefins
prepared by the impregnation method according to moisture capacity. The structure offreshly prepared and
spent catalysts 3% Pt, Pd, Ru on y - Al203were prepared by physicochemical methods TEM, SEM, BET. The
particle size distribution curves were made up to determine the distribution ofparticles on the surface ofthe
catalysts. The conversion ofa mixture oflightalkanes in a reducing environmentwas carried out in a laboratory
flow-type installation on a stationary catalyst bed at atmospheric pressure. The conversion ofa mixture oflight
alkanes on platinum metals supported on y - Al203infour modes is presented on comparative tables in the
temperature range 0f350-600°C. The highestyield was observed at 3% Ru / y- Al203with thejointfeeding of
a light alkanes mixture with water at 500°C. Water does notparticipate in the composition ofthefinal reaction
products but shifts the equilibrium in the system, forming dissipative structures on the catalyst surface.
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TOTbLW,CbI3AAHIABIPY OPTAAA XELLIT AIKAHAOAP LLOCMAJIAPbLIH AETVIAP/EY
KE3IHAE OTbIPIbI3bI/ITAH MAATUHA METAAPDI

AugaTna: MyHailimeH Gipre BHAIPINETIiH inecne rasabli, LypaMblHAATbI XKELiN ankaHaapAbLy, LocnanapblH BUaey
npo6nemacsl anempge ge, LlasaucTaHga aa B3eKTi npobnema 6onbin Tabbinagbl. XKewin ankaHgapapil LocnacbiH
TilicTi onedmHaepre aervapney YuiH, biaran CbliibiMAbINbITbI 60MAbIHLLA CiLgipy 3aicCiMeH MnaTuHanbl MeTanaap
Herisingeri TacbiMangarbillya OThIPrbi3biiraH >Kalla KaTanmsaTopnap ycbiHbiAgbl. XXaua faiibiHaanraH
>K3He UOoMfaHbiMraH KaTanmsaTopnapibll UypbiibiMbl y-Al203 TackiMangarbilibiHa OTbIprbidbiiraH 3%
Pt, Pd, Ru MoM, P3M, B3T dwmsnka-xumusnbil, 3gicTepiMeH 3epTTengi. KaTammsaTopnapably 6eTiHae
OBNWEKTEPAiL, TapanyblH aHbluTay yWiH 6enrini 6ip Bnwemaep 6OMbIHILA UMCbILTAP TYPrbidbingbl. XKewin
anKaH4apably, LOCMacklH TOThILCbI3AaHy OpTackiHAa TYpAeHaipy aTmMocdepanbilubiCbiMAa, KaTanm3aTopabiL,
cTauvoHap/bly, UabaTbiHAa arbiHAbl T T Ti 3epTXaHarbll LOHAbIPrblaa >Kyprisingi. y-Al203 TacbiMangarbilbiHa
OTHIPrbI3bIIraH MaaTwHa Herisingeri  MeTanfapfarbl >Keuin ankaHfapabll, LocnacbiH KOHBepcusiaygbiy,
canbIiCThIpMasbl KecTenepi 6epinreH, onap TopT pe>kumae, 350-500°C TemnepaTypa apanbirbiHaa icTeniHai.
AnbIHraH OHIMHIL, el YAkeH whbirbiMbl 3% Ru/y-Al203 KaTanm3aTopblHAa >Keuin ankaHaapably, LocnacbiH
500°C-Ta cymeH bipre 6epy KesiHae OGaiiuangbl. Cy peakuMsiHbIL COLrbl OHiMAEPIHIL LypaMblHa LaTbIicnai,
KaTanm3aTopbll 6eTiHAe AuccMnaTyBTI LypbINbIM Lypa OThIpbIM, >Kyieaeri Tene-TeuaikTi birbICTbipabl.

TYMHdi cB3gep: germapney, kKaTanm3aTop, TOMEHTI alkaHaap, CyTeK, aTuneH, NnponuneH, onednHaep
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HAHECEHHBbIE MAATVHOBbLIE METAJIIbI MNP AETVAPNPOBAHWN CMECHK
NErKNX ANKAHOB B BOCCTAHOBUTENIbHOW CPEAE

AHHOTAUMA: Cmecn Nerknx aakaHoB MOAEAMPYIOT MOMYyTHbIA ra3 HedhTenobbIun, Nnpobnema nepepaboTKu
KOTOpPbIX OCTaeTCcAa aKkTyanbHO Kak B mupe, Tak u KasaxcTaHe. lMpefnoXKeHbl HOBble HaHECEHHblE
KaTaaM3aTopbl Ha OCHOBE MNNATWHOBLIX MeTannoB [ANA peakuuu [eruapupoBaHus CMECU NEerkmx
a/KaHOB B COOTBETCTBYyHOLWME ONe(MHbl, NPUrOTOBNEHHbIE METOLOM MNPOMUTKW MO BNaroéMKOCTMW.
CTpyKTypa CBe>KENPUIroTOBNEHHbIX M 0TpaboTaHHbIX KaTannsaTopos 3% Pt, Pd, Ru Ha y-Al203 6binn
nccnefoBaHbl  (OUM3MKO-XMMMUYeCKMMKU MeTogamu MIOM, POM, B3T. OAna onpegeneHus pacnpegeneHus
4yacTWUL, Ha NOBEPXHOCTW KaTain3aTopoB OblIM MNOCTPOEHbI KPUBLIE pacnpefeneHns yacTul, no pasmepam.
MpeBpaLLleHne CMeCU NErknx ankaHoB B BOCCTaHOBUTENbHON cpede NPOBOAMAM Ha nabopaTOpHON YyCTaHOBKe
MPOTOYHOrO TUMa Ha CTaLWOHApPHOM CNoe KaTanu3aTopa npu aTMocepHoM AasneHun. MpeAcTasneHsbl
CpaBHUTENbHbIE Tabnuubl KOHBEPCUM CMECU NErKUX aNkaHOB Ha NNaTWHOBbIX MeTannax, HaHeCeHHbIX Ha
y-Al203B yeThbipexpe>kumax, B UHTepBane TemnepaTyp 350-5000C. HanbonbLunii Bbixoa Habnogancsa Ha 3%
Ru/y-Al O npu coBMECTHOIA Nogaun CMecy Nerkmnx ankaHos ¢ Bofgoi npu 500cC. Boga, He yyacTBYs B COCTaBe
KOHeYHbIX NPOAYKTOB peakuun, CMelaeT paBHOBECUA B CUCTEMe, 06pa3ys Ha NOBEPXHOCTU KaTanusaTopa
auccunaTuBHbIE CTPYKTYPbI.

KntoyeBble CnoBa: fernaprpoBanie, KaTanm3aTop, HA3WMWE afkaHbl, BOAOPOA, 3TWEH, NPONUNeH, 0NetUHbI

Introduction

The problem of associated gas processing is
still relevant in the world. According to the World
Bank, at the end of 2016, Kazakhstan is on the
14th place in terms of flaring associated gas. In
2016, about 2.7 billion cubic meters of gas were
burned on torches in the Republic but this prod-
uct could be used with a certain economic benefit.
Associated gas is a valuable petrochemical raw
material consisting of alkanes Ct- C4 it also con-
tains significant amounts of hydrogen sulfide and
other harmful impurities. The following factors
prevent from successful processing of associated
petroleum gas: the necessity of collection; sepa-
ration from moisture, harmful impurities and de-
livery to the place of processing. All this requires
significant processing costs due to the remoteness
of oil fields from industrial centers.

The main method of associated gas process-
ing is the conversion of alkanes to olefins, i.e.
dehydrogenation. It is known that the need for
olefins is growing and it is necessary to look for
new ways to obtain them. Processing can be car-
ried out in two directions: by oxidation of light
alkanes with the production of olefins and hy-
drogen binding to water; in the reducing medi-
um with the production of olefins and hydrogen.
The second direction is preferable because both
products are in demand in the economy. When
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selecting dehydrogenation catalysts in a reduc-
ing medium, hydrogenation catalysts were used
[1], which at high temperatures carry out a di-
verse reaction and take into account the achieve-
ments of non-equilibrium thermodynamics [2].
Earlier in [3] we reviewed the platinum catalysts
supported on aluminum oxide.

The authors provide information on the de-
hydrogenation of alkanes C3-C4 [4-6] to obtain
the corresponding olefins. Thus, according to [4]
it was found that the catalyst PtSnNa/y-Al203at
a molar ratio Sn/Pt 6:1 shows the best rates of
conversion of propane 26.97% and the selectivi-
ty of propylene is 99.18%.The authors of [5] pre-
pared a catalyst PtSnK/y-Al203for the reaction
of dehydrogenation of isobutane to isobutene
and noted that the good indicators of the conver-
sion of isobutane 46.59 £0.83% and the selectiv-
ity 0f 99.34 +0.49% are obtained when the ratio
of Pt to Snis 1:1 , the concentration of HPtCI6
is 7.72 *10-4mol/L, at the temperature of 500°C
and content of K is 0.8%.

The researchers [6] studied the SnPt/ TiO2
catalyst in the reaction of dehydrogenation of
light alkanes. It was found that the structure and
catalytic properties are closely related to the
interaction between the metal and the carrier,
which is regulated by heat treatment at different
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temperatures and environments. According to the
results of studies, the most active catalyst and the
strongest interaction is formed in the reducing
environment.

EXPERIMENTAL PART

The objects of study is a mixture of light
alkanes, which is filled with gas cylinders in in-
dustry, consisting of a mixture of C - C4 in the
text marked as MLA. MLA was not cleared of
the number of deodorants that are added in order
to make gas the smell since sulfur compounds are
present in associated gases.

Experiments on the conversion (catalytic
dehydrogenation) of light alkanes in the reducing
medium were carried out on a laboratory instal-
lation of a flow-type with a fixed catalyst bed at
atmospheric pressure.

The catalysts were prepared by the impreg-
nation method according to the water capacity of
the Pt, Pd, Ru salts to the granulated industrial
Y- Al2°3.

The following procedure represents the
preparation of the catalysts. Before applying the
active metal, Y- Al23granules were subjected
to the following treatment, calcined at 400 °C for
4 hours to desorb substances that could be ad-
sorbed during its storage. Then the capacity of
the carrier was determined. The active metal was
dissolved in a volume of water corresponding to
the amount of water that the carrier can absorb.
After impregnation, the catalyst was dried and
experimentally reduced in a stream of hydrogen
directly in the reactor.

RESULTS AND DISCUSSION

The conversion of a mixture of light alkanes
was performed in the following modes. Mode Ne
1 — a mixture of light alkanes (MLA) was sup-
plied to the catalyst reduced in the reactor. Mode
Ne 2 — hydrogen was supplied with the MLA.
Mode Ne 3 — water was supplied with the MLA
and mode Ne 4 — hydrogen and water were sup-
plied with the MLA.

The yield of olefins is shown in Table 1. The
conversion of a mixture of light alkanes when
passing through a bed of a reduced stationary
catalyst is low and ranges from 1-2%, with in-
creasing temperature from 350 to 500°C. When
mixed together, the mixture of light alkanes and
gaseous hydrogen rises, especially on ruthe-
nium. The yield of olefins increases at 500 °C,
for example, on platinum 6.2%, on palladium
4.0%, and on ruthenium 10.0% when the mixture
of light alkanes is supplied with water. When a
mixture consists of light alkanes, water, and hy-
drogen, the yield of olefins also increases on ru-
thenium at all temperatures between 6.6% and
7.4%. Water and hydrogen that are not involved
in the formation of target products were intro-
duced based on the achievements of non-equilib-
rium thermodynamics and we associate this with
the formation of uniformly adsorbed dissipative
structures on the surface, which, according to [2],
create non-equilibrium conditions on the catalyst
surface, which shifts the equilibrium towards the
formation of the target products in our case ole-
fins and hydrogen.
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Table 1. Conversion of a mixture of light alkanes (MLA) on 3% of platinum metals supported on
Y-Al203granules in flow-type mode at atmospheric pressure, with the catalyst volume of 5 cm3

Mode t’C
MLA H2
350 120
Without 400 120 -
additives 450 120 -
500 120 -
350 120 50
Hydrogen 400 120 50
450 120 50
500 120 50
350 120 -
Water 400 120 -
450 120 -
500 120 -
Water + 350 120 50
hydrogen 400 120 50
450 120 50
500 120 50

We studied the fresh and spent samples
of catalysts to evaluate the active center of the
catalyst. Scanning electron microscopy (SEM)
makes it possible to estimate particle sizes on
the surface of catalysts with varying degrees of
resolution. SEM images were taken at an accel-
erating voltage of 20 kV, a resolution of 0.5 pm.
SEM images for fresh and spent 3% Pd/Al203
catalysts are presented in Fig. 1 and 2. We ob-
serve a scaly-layered structure on the surface of
the fresh catalyst (Fig. 1). This structure is pre-
served on the spent catalyst (Fig. 2), but it can be
seen that the particles become noticeably larger,
while there is some blurring between the parti-
cles, which is apparently due to the carbonization
of the spent catalyst.

Fig. 1. SEM images offresh 3% Pd/AI1203
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Feed rate, hour-l Olefin content , %a

HO Ru Pd Pt
0,2 14 0,4

- 1,0 16 0,4

- 12 2,0 1,0

- 16 2,2 12

- 16 16 0,8

- 18 18 12

- 2,0 2,0 18

- 24 2,4 2,2
620 2,0 2,0 12
620 24 2,2 14
620 2,6 34 2,4
620 10,0 4,0 6,2
620 6,6 2,0 14
620 6,8 2,2 16
620 6,9 3,0 2,6
620 74 50 4,2

Similar images were taken for 3% Pt/Al203
and 3% Ru/AlI203(Fig. 3 and 4). Pictures of spent
platinum and ruthenium catalysts in contrast to
palladium are clearer, which, apparently, can be
attributed to lower surface carbonization.

If the structure of the fresh and spent cata-
lysts on the Pt/Al203 surface is the same (Fig.3),
there is a change in the layered structure on the
spent Ru/Al203 samples (Fig.4) to the needle
one. At experimental temperatures in the range
of 350-500 °C, ruthenium is recrystallized with
a change in both the size and the crystalline form.
Figure 4 (a) shows a scaly-layered surface, and
on 4 (b) a needle-like structure.

The same samples of catalysts (3% Pd/
Al203 3% Pt/AI203 3% Ru/Al203 were taken by

20ky X30-000 0.5mT1T 1061 08 40 SEI

Fig. 2. SEM images ofspent 3% Pd/A Ifl.
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(@) (b)

Fig. 3. SEM images 0f3% Pt/Al1203 (a)fresh and (b) spent catalyst.

(@) (b)

Fig. 4. SEM images o0f3% Ru/Al203 (a)fresh and (b) spent catalyst.

(a) ()

Fig. 5. TEM images 0f3% Pt/Al203 (a)fresh and (b) spent catalyst.

(@) (b)

20 rm

Fig. 6. TEM images 0f3% Ru/Al203(a)fresh and (b) spent catalyst.
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transmission electron microscopy (TEM). Figure
5 and 6 show TEM images of platinum and ru-
thenium catalysts, where there are no significant
differences between the fresh and the spent cat-
alyst. We can observe a plain allocation of parti-
cles on the surface.

The SEM images were spent to plot the par-
ticle size distribution, a typical relationship is
shown in Figure 7. The particle size varies from
1to 9 mm and the maximum is 2.5 mm, simi-
lar dependencies are obtained on other catalysts,
they differ in particle sizes and different maxi-
mum in size. The graph shows the dimensions in
mm, which can be converted to real dimensions
depending on the resolution of the images.

The prefix SEM makes it possible to deter-
mine the chemical composition of points. The re-
duced catalyst granule was split in half, as shown
in Figure 8. The chemical composition was de-
termined by the granule diameter at the marked
points, which is presented in Table 2. On a fresh

catalyst, the maximum ruthenium content on the
granule surface is 2.22%. It was expected that the
content of ruthenium would decrease towards the
center of the granule. However, it turned out that
ruthenium is almost evenly distributed in the vol-
ume of the granule. Moreover, in the fresh cat-
alyst, the content of ruthenium varies between
1.72 and 1.82, and in the spent catalyst it shows
2.21 - 2.49%. At high temperatures, ruthenium is
migrated over the y-Al203 granule volume.

Table 2. The chemical composition of the
points marked in Figure 8, according to the
responses of the SEM spectra prefix

Number of Fresh 3 2 Ru/ZAI203 Spent 3 % Ru/AIZ203

points Ru content Ru content
1 2.22 2.76
2 182 221
3 174 2.34
4 1.86 2.38
5 172 2.36
6 1.76 2.49
7 177 2.27

The values of specific surfaces of fresh and
spent catalysts are presented in Table 3. The initial
T-AiZ23 was 209.5 m2g, a decrease in the specific
surface area was observed in all cases. As for ruthe-
nium, itis 179.1 m2g; palladium decreases to 133.9
m2g, and for platinum up to 168.9 m2g. Applying
the metal on the carrier leads to a complex interac-
tion in the surface, which decreases the total surface
of the catalysts. An interesting picture is observed
by comparing fresh and spent catalyst. In rutheni-
um and platinum, the surfaces of spent catalysts
are reduced, which is associated with sintering and

Fig.8. Chipped granules offresh (a) and spent(b) catalyst 3% Ru / Al203
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Table 3. Catalyst specific surfaces and pore sizes

Catalysts
Y-Al O
3%Ruly-Al O (fresh)
273
(spent)
3UPUY-ALD, (fresh)
(spent)
UPUY-ALQ, (fresh)
(spent)

coarsening of particles, while for palladium, on the
contrary, the surface increases from 133.9 to 166.6
m2g. Micro and mesopores were found on the stud-
ied catalysts.

Conclusion

The catalysts are subjected to significant
changes by conversion of a mixture of light al-
kanes in the range of 350 - 450 ° C and the fol-
lowing conclusions can be drawn:

HE®TEIA3SOBAA MHXEHEPUNA

2

SSA, m /A4 Pore size, nm
6 6
209,5 7*10 -23*10
6 6
179,1 5,5*%10 -23,5*10
6 6
149,9 6*10 -22,5*%10
6 6
133,9 5,5*10 -26 *10
6 6
166,6 5,5*10 -22*10
6 6
168,9 5*10 -24,5*10
6 6
138,8 7*10 -24*10

» Particles on the surface are sintered and
coarsened, which in platinum and ruthenium
leads to a decrease in the specific surface area. In
palladium, on the contrary, there is an increase in
the specific surface area.

» Carbonization of the surface is observed
on all spent catalysts.

The highest yield of olefins 10% is observed
when a mixture of light alkanes with water is fed
to the reduced catalyst at 3% Ru / Al203
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