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INTRODUCTION CONCLUSION

Carbon based materials are active catalysts for the oxidative dehydrogenation Basic features of the reaction mechanism as well as the state of the catalyst
(ODH) reaction.l" Low dimensional carbon allotropes such as multiwalled carbon surface are similar for hydrocarbon substrates of alkylbenzene and alkane types.
ENOiL e (MW N homoggnelty pr_owde cumops b Cazij'f;:'d The redox cycle of surface C=0 and C-OH groups is the key process, which
e chara.cterls’gcs ol inedal caalysic. e wgll de_flngd sicilis ;d/c' OHJ[[ includes only a small fraction of surface O species and favourably occurs at the
sulilice _S|tes sl Ee oy G g En functlona_llz_a tlon. = the_ OT“J] YT zigzag-termination of sp? carbon planes. Higher activation barriers in the reduction
CNTS e L NG (i QCNT)' ENCIE m_echa_mlsnc Lol A000088 step well correlate with the higher stability of the aliphatic C-H bond in propane
quinone groups are believed to be the active sites.[*>l These e 8 s g S over the benzylic C-H bond in EB
nucleophilic oxygen species can selectively abstract hydrogen R '
atoms and the formed phenol groups are subsequently reoxidized by O.. rwo-site redox kinetics: 00 G50l mi® G fOuHs ST
We choose the ODH of propane and ethylbenzene (EB) as the model reactions in CHs LODH g X
order to establish a mechanistic model for carbon-catalyzed ODH. 0O O /‘\ OH OH @f\
_ R L \
The knowledge about coverage and heat of adsorption of reactants on the surface Zlgzag e e ton Styrene
of a catalyst can contribute to a better understanding of the complex microkinetics. Ethylbenzene ‘ :::::::tt:: “
We focus on quasi in situ adsorption microcalorimetry, wherein the adsorption of Tarskmar IR
propane and EB on the active catalyst surface are investigated. A broad-based bt G20 G OCNT catalyst S G0 5
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calculations) led to a comprehensive model for carbon-catalyzed ODH. regenerated by O, (reoxidation). the polymer industry.
quasi in situ Adsorption Microcalorimetryl' Catalystl'and Catalytic Performance

To investigate the catalytically relevant surface sites, the active surface of CNT catalysts under ODH reaction conditions was conserved by

switching from the ODH feed to He and subsequent cooling of the reactor prior to its transfer to the calorimeter without getting contact to ambient. 400 C, 50 ml min"’
C;Hg/O,/He = 10/5/85
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The calorimeter cell is used as a fixed bed flow reactor, wherein the catalytic eferencebell sa!lﬁe" s eatalvet Ea’ reoxidation 72 69
reaction is carried out. The feed is introduced through a capillary. The P L kJ/mol tubular 45 19.8
catalytic performance is monitored by an on-line micro-GC (Varian CP-4900) JOEHCLE LR L T = constant 0 reactor
for product analysis. After reaching the steady state performance the reaction X /° 9 9 calorimeter
is stopped. The cell is purged with He, then the capillary is removed without 3 ] o -1 55 154
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volumetric system [6-8], which enables dosages of probe molecules such as Qairr= = AH,4 , ki/mol . .
propane or propene in steps as small as 0.02 mmol/g. The instrumentation ads EB is much more reactive than propane.
allows measurements of adsorption isotherm and differential heats of e VS I , Kk J :
adsorption, and gives the possibility to elucidate the distribution of adsorption Qaiff s g/mo. EB reacts mUCh more SeIeCtlve than propane.
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density-functional theory

CNT catalyst under different atmospheres and 350 C.

A h | T Energy Diagram for ODH of EB and propane (1t H-abstraction) over zigzag- :
. _ _ tmosphere _ inati 1st H-abstraction from EB
% EB/O, 1:1 . 93H8/02 1:1 LU GG i Ll over zigzag-termination
o e e Propane Ethylbenzene .
b EB 0.168 . ;23 MUl 2 ‘el e &
" 3 28, 745 = s MR L o
42\ . : 50 4 . ':":‘ ““‘*o . /‘“ \I:“ 04 = y
! e § ) EB/02 0.283 5 15.2 Ve ﬂ 3 \ ‘_',:—3
- ge . : ___}E_ 0o () =— . .W’RH- c
I = — — 2 -100 rr 78
C ¢ 3 50- p . -35.7 ~ radica (styrene)
= =B : ©, C.H,/O, 0.313 ' L reon, = odeay
. @ ~100 1 < 2004 - (ether)
5 ‘ singlet
0 0315 0 mz ] —triplet
2 200 - [C]-OR . Re=CH, 300 - quintet (M) 303 (styrene)
. Sk Y \-238.7 stat TS1  int 7152  final
| i 3 Wil . - X Y . . 250 start TS1T  intermediate 152 final Reaction coordinate
536 534 532 530 536 534 532 530 - The higher the reactivity of the hydrocarbon y
E./eV molecules, the lower the concentration of _ o o 15t H-abstraction from EB
the active sites in steady state. - the barrier for activation of propane is higher than for EB over armenali eI
> indication for consumption of nucleophilic - the zigzag-termination is much more active than the armchair geometry
neutral oxygen . The armchair-edge carbon cluster is much less reactive for neutral hydrocarbon molecules than the zigzag
ethers, lactones, phenols oxygen (Ketones/ Qumones) terminated ones. Surface ethers are formed in the case of ethane and ethylbenzene ODH with activation
electrophilic oxygen ; B energies equal to 148 and 128 kJ/mol, respectively. This suggests that the armchair edge can be
carboxylic anhydrides , Furthe.rmore’_ mcreasg _Of C-O groups are considered passive compared with the zigzag termination.
carboxylic acid associated with reactivity.
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