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Me30mopuCTi OKCHIN Talli0 Ta aITIOMIHIIO (3 aTOMHHUM
BigHomeHHsM Ga/Al = 4/1 1 1/4) Oynu cuHTe30BaHi
LUISIXOM PO3LICTUIEHHS 3 BUKOPUCTAHHSM BYIJIEBOIHOTO
Matepiany CMK-3, sxuif € HeratuHOW0 Komieto SBA-15
y skcoTi 3pazka Ta Ga(NO;);/Al(NO;); y sKocTi TpOTO-
TUMIB OKCUIHOI (paszu. [1igroToBeHi MaTepiaau IPOUIILTH
KaTeropu3allito 3 JornoMorow peHrreHoaudpaxiii (XRD)
ta N,-¢izuuHoi copOuii. byno Biakpuro, 1m0 3 BUKOpHUC-
TaHHSM TIPOCTOTO MPOCOYYBAHHS 33 BOJIOTOEMHICTIO
MOXXHa OTPUMAaTH ME30MOpPUCTI OKCHUAU BUCOKOTO
mopsinky Ga- Ta Ga-Al 3 TekcaroHaJbHOK CTPYKTYPOIO
SBA-15. Marepianu, okucneni npu 823 K mokazanu
192-322 M*1! muromoi moBepxHi 3a MetomoM BET i
cepenHiii posmip mop 6.4 -6.7 HM. Jlama mnUTOMa
TIOBEPXHS Ta 3arajbHUA PO3MIp IOp 3MEHIIWIIUCS, NPU
YoMy CepelmHill miaMeTp Mop JHemio 30iIbIIUBCS MpU
OueIIOMy aToMHOMY BimHomeHHI Ga/Al. Byno BuBuYeHO
KaTaJIiTHYHY Jil0 BCIX MIATOTOBaHMX MarepianiB y
mpoleci  JeriApoHi3amii mpomaHy 10 TPOIHY NpU
HasBHOCTI CO,. HaiiBuiumii eKBiBaJieHT NHpoOMaHy Oyiio
oTpuMaHo 3 05oky Ga,03, X0ua JayKe MIBUIKO IS OKCHIT
BTPaTHB aKTHBHICTb, 1 MiC/ 2 TOAMH pOOOYOro 4acy BiH
cTaB Maibke HeakTMBHUM. Me3onopucri okcuan Ga- Ta
Ga-Al (Ga/Al=4/1) mManmum [emo HWKYY MOYaTKOBY
aKTHBHICTb, ajieé B TIPOIECI JEaKTUBYBAIUCS 3HAYHO
noBubHIIIE . CENeKTUBHICTh MPOIHY, OTPUMAHOIO 3
ME30MOPUCTHX OKCHJIB OyJla TaKOoX BHIIOK, HIXK 33
HasiBHOCTI Ga,O3; OTpUMaHOro 4epe3 TepMajbHe PO3IIer-
JICHHSI HITpaTy ralito.
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Mesoporous Ga- and Ga-Al oxides were prepared by
nanoreplication technique usng CMK-3 matrix as a rigid
template. The catalytic performance of mesoporous Ga,Os; and
mixed Ga,0s-Al,0; materials were invegtigated in the
dehydrogenation of propane to propene with CO, at 823 K.
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[. Introduction

Nano-replication is recently explored as a new method
for the synthesis of mesoporous metal oxides. Various
mesoporous oxides, e.g. MgO, ZnO or TiO,, were
successfully prepared using siliceous or carbon
mesoporous sieves as hard templates [1-3].

In this work, mesoporous Ga- and mixed Ga-Al
oxides with different atomic ratio of Ga/Al were prepared
by nano-replication. We used CMK-3 carbon sieve, that is
a negative replica of SBA-15, as a rigid template. The
obtained materials were characterized with various
physicochemical methods and tested in the dehydrogenation
of propane to propene in the presence of CO,.

Il. Experimental

SBA-15 was synthesized under acidic conditions
using Pluronic P123 triblock copolymer and tetraethyl
orthosilicate (TEOS) as a silica source according the
procedure described elsewhere [4]. CMK-3 carbon was
prepared according to the literature procedure [3].

Pure Ga,0; and Al-Ga mixed mesoporous oxides with
the atomic ratios of Ga/Al equal to 1/4 and 4/1 were
obtained by the modified nano-replication method
reported in the literature [1].

The catalytic properties of mesoporous oxides were
studied in the dehydrogenation of propane in the presence
of CO,. This process was carried out in a flow-type quartz
reactor packed with 200 mg of catalyst (grain size 0.2-0.3
mm) at 823 K and under atmospheric pressure. The gas
reaction mixture, flowing at a constant rate of
30 cm®min™, consisted of C3Hy:CO,:He=1:5:9 (vol.%).

Ill. Results and discussion
Fig.1 displays the XRD patterns of pure SBA-15,
CMK-3 as well as Ga and Ga-Al oxides obtaining by

nano-replication. In the 2¢=1-6° range the pattern of
SBA-15 shows three diffraction lines indexed to the
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(100), (110) and (200) reflections characteristic for 2D
hexagonal phase (space group p6mm). The negative
replica of SBA-15 (CMK-3) exhibits one intensive (100)
reflection slightly shifted towards a higher 2 theta value.
Similarly, all the materials prepared by nanoreplication
have one intensive reflection indexed to (100) and in
some cases additional two weak (110) and (200)
reflections. The appearance of these lines clearly indicates
that mesoporous structure of SBA-15 materials can be
replicated by using CMK-3 as a templating agent. By
using the simple incipient wetness impregnation highly
ordered mesoporous Ga- and Ga-Al oxides with a
hexagonal structure of SBA-15 can be obtained.
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Fig. 1. XRD patterns of SBA-15 (a), CMK-3 (b), Ga-Al-O
(Ga/Al = 1/4) (c), Ga-Al-O (Ga/Al = 4/1) (d), as well
as used (€) and fresh (f) mesoporous Ga,0s-m

The catalytic performance of the mesoporous oxides was
studied in the dehydrogenation of propane to propene in the
presence of CO, at 823 K. The variation of propane
conversion and propene selectivity over all the tested materials
is reported in Fig.2. For comparison the results collected for
the reference Ga,Os-t sample, obtained by the thermal
decomposition of gallium nitrate, are shown as well.

The highest conversion of propane was achieved over
Gay0s-t, however this sample rapidly lost activity and after 2
h of reaction it was almost inactive. As we reported in our
previous paper such fast deactivation of Ga,0;-t is due to
coke deposition [5]. The mesoporous Ga,0;-m and Ga-Al-
0O(Ga/Al=4/1) materials exhibit slightly lower initial activity
than Ga,0Os-t, but both materials are deactivated much slower
during the dehydrogenation process. This is probably due to
the mesoporous structure that is less sensitive on pore
blocking with coke.

Over all the investigated mesoporous materials
obtained by nano-replication the primary product,
propene, was produced at very high selectivity (> 93 %).
It is also clear that the selectivity to propene drops
slightly with the decrease in the Ga/Al atomic ratio of the
mesoporous material. Moreover, propene was produced
over Ga,0s-t with much lower selectivity (85-92%) than
in the presence of mesoporous Ga,O;-m (95-97%). Such

difference in propene selectivity is probably caused by various
phase compositions of both Ga,0; materials. Zheng et al. [6]
found that in the dehydrogenation of propane with CO, a- and
b-Ga,O; are more selective phases than d- and gGa,0;.
Morovere, the presence of large size mesopores can promote
the dehydrogenation reaction due to the rapid diffusion of the

products from pores preventing successive reactions
decreasing the process selectivity.
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Fig. 2. Catalytic performance of mesoporous oxides

in the dehydrogenation of propaneto propene
in the presence of CO, at 823 K

Conclusion

The nano-replication technique was successfully
applied for the synthesis of mesoporous Ga and Ga-Al
mixed oxide materials. All the materials showed high
specific surface areas (192-322 m®g') and pore
architecture similar to that of SBA-15 (hexagonal
structure). Pure mesoporous Ga,O;-m and mixed Ga-Al-
O(Al/Ga=1:4) exhibited a high activity and selectivity to
propene. These materials appeared to be much higher
stable in comparison with Ga,0O; obtained by thermal
decomposition of gallium nitrate.
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