CHAPTER II

LITERATURE REVIEWS

Oxidative dehydrogenation (ODH), kinds of exothermic reaction, is the

oxidation of alkane with oxygen to convert alkane into unsaturated hydrocarbon

(alkane or diene) and water, which are \‘
N

in products.
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oxide exhibits a revers ogenation process. The
characterization results sh 1 _ g ¢ earth oxides results in a
significant modification of th ed@@a id properties of the V-HMS catalysts. In
addition, the formation of a new e ase of rare earth orthovanadates over the
modified V-HMS cata b vas a g : tion between the structural
changes and the selectivit of the catalysts i rmation of new active
phase of LaVO, and O4 might be responsible f(ﬁl the improved catalytic
performance.
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The addita m,] gmﬂm}ﬁ m aﬁﬁllows a significant

promotion in the sgf'ectivity to propyleng, while the Ce, oxide shows areverse effect in
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oxides results in a significant modi-fication of the structural properties as well as of
the redox and acid properties of the V-HMS catalysts. The formation of new active
surface phases of Y and La-orthovanadates over the modified V-HMS catalysts was
considered to be responsible for the improved catalytic performance of the rare earth
doped catalysts. Our results clearly show that the rare earth oxides can be promising
promoters for the vanadia catalyst system in the oxidative dehydrogenation of

propane to propylene.
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The oxidative dehydrogenation (ODH) of propane was investigated on

vanadia dispersed on alumina containing a nominal polymolybdate monolayer.
Dehydrogenation rates and selectivity on these catalysts were compared with those on
vanadia domains dispersed on alumina. At a given vanadia surface density, ODH
reaction rates per gram of catalyst were about 1.5-2 times greater on MoO,—coated
AlyO; than on pure Al,O3 supports. The higher activity of vanadia dispersed on MoO,
coated Al203 reflects the greater redu;fjlty of VO species as a result of the

replacement of V-O-Al with V-0~ e MoOy interlayer also increased
the alkene selectivity by mh1b1t pane an combustion rates relative to

ODH rates. This appears W smaller @unselectwe V,0s clusters

when alkoxide precursors ar: perse vanadi 00,/Al,03 as compared to
ure AlL,Os3. At 613 K, the

the use of metavanadate pr
ratio of rate coefficients for

smaller on MoO,/Al,O

d‘_propane ODH was three times
ﬁés \\réﬂo of rate constants for
propylene combustion and pro

The dispersion of

molybdena increases the catalyst ,q:jiﬁ}?ﬁy (@gto m) and selectivity for propane

ODH to propylene. The higher actFFﬁ’y is d to the formation of V-O-Mo
" _P.. i ..ﬁ
bonds between the dispersed vanadia and( the mol)ymp r. The formation of

| isopropoxide as the

these bonds appears t
il : —

precursor for the dispersggi vanadia. reactigj kinetics shows that the

ratios of the rate coefficients, for propane apd propylene combustion relative to

propane ODH axﬂs%t&} ’g 6wer i3] %. adnd &qﬂﬁn a monolayer of

molybdena on alufina than those for e{anadla supported on alumma alone. These
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formed by reaction of the dispersed vanadia with the molybdena layer deposited on
the alumina support. It is possible that these bonds are associated with the formation

of polymolybdovanadate species [7].

Oxidative dehydrogenation of propane has been studied on V,0s/TiO, and
MoO5/TiO, catalysts, consisting of 1 and 5 monolayers of the deposited oxides,
promoted with Li, K and Rb cations. Addition of alkaline cations: Li, K and Rb to
V20s5/TiO; (VTi) and MoOs/ TiO, (MoTi) catalysts of low (a monolayer) and high (5
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monolayer) content of the deposited oxides modifies their catalytic performance in

oxidative dehydrogenation of propane, and acid-base properties studied by the probe
reaction of isopropanol decomposition. For both types of catalysts and for low and
high content of vanadium and molybdenum the total activity in oxidative
dehydrogenation of propane decreases in the sequence: V(Mo)Ti > 1V(Mo)TiLi >
IV(Mo)TiK > 1V(Mo)TiRb. The selectivities to propylene at iso-conversion of
propane increase in the same order. The c1d1ty of the catalysts decreases and the
basicity increases following the above‘é e decrease in the activity may be
due to blocking of the propane"uggvatlon ccé& xtent of this effect increasing
with the increasing radnu@alme«cano@emase in the selectivity to

propylene in oxidative deh ation © propanc ma)@idue on the other hand, to

of, the alkalme promoters. These

changes in acidic-basic ies ﬁci'li‘_ta?dqs tion of‘\propylene, preventing its

further oxidation on the

loading catalysts (both VTi a

’J,\ﬁjﬁ as%re . with monolayer preparations.

The yields of propylene obtained (10 ﬁ() 12 w that potassium- and rubidium

-rr"-,'—'_-_’ __'

promoted vanadia- tltan‘_q and molybdena—txtama systems @gfg be promising catalysts

aikaline cations also

— =
modifies the dispersion g_ﬂ the deposited oxides, dccreasing the amount of crystalline

V,05 and MoOs irﬁhar"g% (ﬁlgsﬁ].‘%,w EJ ’] ﬂ j

The oxidative dehydrogenatlog of propane (ODHP) was studled over an
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the temporal-analysis-of-products (TAP) reactor. Partial and deep oxidation of
propane occur at the same surface site but involve different forms of reactive oxygen,
associated to different site arrangements: nucleophilic lattice oxygen takes part in the
propane partial oxidation to propylene, while adsorbed electrophilic oxygen
adspecies, originating from the gas-phase oxygen, are involved in the direct deep
oxidation process of propane. The secondary oxidation of propylene could involve
both types of oxygen species. In the absence of gas-phase oxygen, the oxidation state

of the catalyst determines the importance of the consecutive propylene total oxidation.
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The ODHP reaction mechanism was studied over an optimized V-Mg-O

catalyst by use of the TAP reactor. A Mars-van Krevelen reaction mechanism was
proposed involving a fast oxygen migration through the oxide lattice. However,
oxygen labeling showed no gaseous oxygen exchange, revealing that oxygen could
only be consumed irreversibly by the solid (reoxidation, creation of activated oxygen
species) but not reversibly dissociated (like on a metallic surface). As far as oxygen
species are concerned, lattice oxygen uld be involved in the formation of
propylene, while activated oxygen ad Yi&d to be related to the non-selective
propane-to-Cox pathway. Ind%ﬁ\%diu ﬁ various oxidation states and
anionic vacancies have also onsidered to_@ten’ze the active sites. The

IY\.\D\P\za unique active site is

(X0), reduced (x) and superoxidised

following mechanistic sche

\ation occurs on the oxidized site

appears tomlay a determinant role in
propylene selectivity. With,the aim of confirming this catalytic behaviour, a periodic-

flow apparatus hﬂb% %de@lc‘iﬂ}yﬁl}%@ f%‘:rﬁjr%ﬁﬁf propane with the

lattice oxygen. With a conversion ls,ss than 2% only 1% of the oxygen of the
= TS
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within the eatalyst. The periodic system operates under stationary conditions, with

high propylene selectivity. The catalyst deactivation takes place when metallic Ni is

irreversibly formed on the catalyst surface [10].

The structure of vanadia dispersed on zirconia is strongly dependent on the
surface density of vanadia and the temperature at which the deposited vanadia has
been calcined. Small vanadia clusters, possibly monomeric VO, species are found in

the samples with vanadia loadings lower than that corresponding to a polyvanadate
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monolayer. Both higher calcination temperatures and higher vanadium contents lead

to polyvanadate monolayers. Higher calcination temperatures (873 K) also lead to
chemical interaction between VOy species and zirconia and to a formation of
zirconium vanadate. Very low concentrations of bulk V,0s phase are found in the
catalysts with high VO, surface density calcined at higher temperatures (873 K).
Analysis of catalytic and spectroscopic data suggests that polyvanadates species
highly dispersed on zirconia are active s1te in propane oxidative dehydrogenation.
The highest specific activity is obsé(}p rface density of 3-4VO,/nm’ for
VO,/ZrO, calcined at 873 K. ii}g‘ﬁropylen 1ty on this catalyst is 80%. At

higher VO surface den?m acwes monotonically, but the

propylene selectivity remain

rmed in which the oxygen

nt propane partial pressures. In

addition, the catalyst mass was vaFR;Fl to rel the propane conversion so that

"'"a-’ .-"..ﬁ"

selectivity and yield cd_gld be compared at .a cons_amgﬁ

same propane cOonversion, propylene selectivity in

e conversion. At the

‘as/ the partial pressure of
- ) i

oxygen decreased. Thy propylene yields De im&joved at steady state by

employing low oxygen pagiinressures. It ig likely that this is the reason for the

higher propylenﬂ'% fob ’3/9'(]@ 23 "j'ez?'ﬁ}%} o pe ‘ﬁodic operation. Tt

appears that the feaction mechanism Bjnust consxst of more than one pathway for
P WIS AW A 29 el 2l

Improvement in propylene yields in oxidative ydrogenation through
periodic operation over a fairly wide range of cycle periods was explained by superior
selectivity obtained in the absence of gas-phase oxygen in the portion of the cycle in
which dehydrogenation proceeds. This contribution that it is possible under some
operating conditions to obtain a similar propylene yield at steady state with the same
time-average feed rate of propane by using a much lower concentration of oxygen in
the feed. However, is restricted to low feed concentrations of propane. At higher

concentrations, as the oxygen feed concentration is lowered, the improvement in
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selectivity is accompanied by a decrease in propane conversion so that no

improvement in yield is obtained. In this situation, periodic operation is superior to
any steady-state operation at comparable conditions. Steady-state data were also
obtained with different masses of catalyst at which oxygen concentrations were varied
widely at a constant propane partial pressure. The variation in catalyst mass could be
used to control the propane conversion to some degree. With a low feed
concentration of oxygen and a high catalyst mass, the same propane conversion can
be achieved as with a smaller amount o% E }l d a higher oxygen concentration in
the feed. Propylene se]ectmtz ’l'myevcr 1s h he lower oxygen concentration.
The complex relationshipry comw and selectivity cannot be
tween seree@g and conversion expected

explained simply by the inv

for a consecutive reactio S to be . an addltlonal pathway for the

rovides materials differing in

ts

hydroxides as precursors of /mi Qev;i.ée = ys
catalytic performance dependi onaﬂae nazf intercalated vanadate. The most
active in the oxidative dehydrogenaiﬁﬂxof p@le 1s the sample derived from the
decavanadate- exchangech LDH. The ovérall E_! y of the 1gAlV10025-MO catalyst

is, depending on temperature,comparable ightly_better than the reference

24VMgO sample prepareéin a conventional way nueh higher intrinsic activity

1 1\
of this catalyst with resp“ejct to the 24VMgO sample is assigned both to the higher
¢ .
density of the s Vﬁﬁnlp[ﬂw )ﬁ" ﬂr i gTﬂliific activity. The
MgAlV,0;,-MO @ th ive' oF all §: d. Analysis of the
selectivity-conversion profiles indicatés that p [ﬁne fi i oxidative
st A1 P b od ) £1. B s i

favoured over MgAIV1902-MO catalyst. The latter effect is related to the highest

acidity and the lowest basicity of this catalyst, making the desorpticn of the propylene
molecules more difficult. The performance of the MgAlV,0;-MO sample changes
upon conditioning in the reaction mixture to approach those of other samples,
indicating that surface transformation is required for this sample to reach a steady

state performance [14].
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Vanadium and niobium oxides supported on TiO, are active in the oxidative

dehydrogenation (ODH) of propane. Although niobia/titania catalyst is also able to
catalyze the ODH of propane, its low activity indicates that in vanadia containing
catalysts a vanadium oxide species must be involved in the paraffin activation as the
activity increases with vanadium content, both in the absence and in the presence of
niobium. The interaction between vanadium and niobium in the ternary catalysts

modifies the surface acidity of the samp]j eading to the formation of active centers
different from those present on vanédk

talysts. Redox properties are less
.
affected by this interaction and"‘ia;pmbably & in the alkane activation and in

the selective step of the reWcll.Kop more easily activated than ethane
n

but lower propylene select ed com to ethylene. All catalysts,

however, promote the sam r both parérﬁt:ms The formation of carbon
oxides in the ODH of etha 0

the ODH of propane d

dnffarent ture [ 1
"f" lm\ § .n‘f q'

occur in the same extent

NPT
e
The results obtained b h;,myestlgg ns earried out by transmission electron
microscopy and FTIR augmented ﬁO an spectroscopy indicated that the
dispersion, structure aﬂﬂ relative locratlon of surface site: s{ j vanadia catalysts are

ers with high specific
surface area, as H—Na/\ﬁvkeolite,'Si
VOx species, which cover enly a limited part of the support. In the case of MgO, the

occurrence of a ﬁﬂ@g%ﬁ%?%ﬂ’}ﬂ atrix results in the

incorporation of a‘ffaction of V* ions én the bulk of the catalyst. By loadmg TiO; and

ZrO;, of Wﬂfmﬁ ﬁe‘mspemcs l ﬂmpﬁﬂlose to the

monolayer «capacity, a layer of ch cover almost completely the

> alloweg[a high dispersion of the

support was obtained. In such condition, a close proximity of active centres can be
suggested. For all catalyst, except that supperted on MgO, V-OH Brgnsted acid
groups are formed as a consequence of the dispersion of VOx species. The results
obtained by FTIR spectroscopy of adsorbed ammonia on the VZ catalyst indicated
that V-OH Brgnsted centres are located in the neighborhood of species bearing
V5Cions involved in V=0 and V-O-V bonds, which are usually considered as the

catalytic active species. Propylene molecules primarily produced by
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oxydehydrogenation of propane could be adsorbed on the Brgnsted acid sites, and

then undergo overoxidation by reaction with one of the redox sites in the
neighbourhood. This cooperative effect (presence of Brgnsted sites in proximity of
agglomerated redox sites) might account for the low selectivity of the V,0s/ZrO, and
V,05/TiO; catalysts. This feature should be less effective for V,0s/SiO, and
V305/Al,05 systems, where the dispersion of active sites is much higher and, in fact,

they exhibit a high selectivity towards propylene. Though V,0s/H-Na/Y catalyst
S f f a large amount of Brgnsted acid

contain highly disperse VOx specué \{1\

protons in its porous structure e ca 1ve sites are located, results in
the low selectivity of th1Wma‘lfy, . lectivity of the V,0s/MgO
catalyst, where Brgnsted acid si de\w ascribed to the formation
of a magnesium vanadate p : s

e

Vanadium type

oxidative dehydrogenatio

reductions patterns showed th cies by the support acid-base

character. V,0s/TiO; catalyst . E@:t,s highest activity in oxidative

dehydrogenation of propane. -'i‘ﬁ'é s;';ppdtrt na _ﬂ?

metals decrease the catalytic 2

selectivity significantly ingeasé' 1

cts the addition alkali

of doped cﬂlysts [22].

Zeolite Wﬁl@%(ﬂlwgﬁ E)}v’]aﬂvﬁj in the oxidative

dehydrogenation ofl propane. Oxide boron species behave as an inert component not

interactin maﬁmme ma\?w ﬂlﬂvﬂ to olefin in
the stablﬁi zeolite not ifican e only exception is indium, which

decreases olefin selectivity to a large extent. The presence of both In and Ga oxide
species is not bemaficial for the reaction selectivity. There is on marked difference in
the oxidative dehydrogenation of propane on the stabilized zeolite Y modifiled with
reducible (Ga, In, Sb, Sn) and not reducible (Ca, Mg) [23].

Recent activities in the preparation and characterization of the V-Mg-O

catalysts for the oxidative dehydrogenation of alkane have advanced the
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understanding of this catalysis system. It now understood that a desirable feature of

this catalytic system is the strong interaction of MgO with V,Os, resulting in the
formation of Mg vandate. In this compound, the isolate or small VOy units formed are
desirable for high dehydrogenation selectivity, because they can supply only a limited
number of oxygen atoms for reaction with adsorbed hydrocarbon species. While the
some order support could also from isolate VO units, they could do so only at low V

concentrations. The fact that the selectivity for dehydrogenatlon depends strongly on

the hydrocarbon is very mterestmg\b\(~ erstood It appears that a better
understanding of this phenomenq\,\‘%u d be ormatlvc towards the design of
highly selective catalysts, ?me of t_@ system [24].

The present of stud e re ements such as Co, Fe, Ga,
in a Csy sH; sPViMo0,1040
edposition. This leads to

Ni, Sb or Zn are partly substi

material, the remaining

catalysts quite active in Xi to propane at relatively

low temperature (300-400° S 3;‘ hat using Cs salts leads to

catalysts stable under our ca y;ge:qandﬂ ons. Relative acidity (via Keggin anion

metallic substitution) and redox pm _ i change caions replacing the protons
P ﬂ__:_-;. ‘11—( .

either during synthesis Qg,post-synthesm can be tun_rg,‘? it was also shown that

the direct synthesis pr S cient t -synthesis caions exchange.
The main conclusion is trj} one ca select@ty in propane at relativity

low temperature and keep the.heteropolyacid salt stable under catalytic conditions by

wing e Cusofl 18 3 BRI G ocmr s
GRS Y B Y TR S v

acetic acid gather than acrylic acid during propane selective oxidation. At variance
this acidity permits propane to be activated at relatively low temperature, i.e. to get
high selectivity in propane if redox caions replace majority of protons. The main
conclusion is that the number of strong Bronsted acid site and redox properties can be
easily tune for such system, which results in promising properties for eventual
substitution of propane dehydrogenation in the current industry process by oxidative

dehydrogenation[25].
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Oxidative dehydrogenation of propane have been studies on Mo/y-Al,O;

catalysts with 13 wt.% of MoOj3 and promoted with Li. The addition of Li affects the
structure and properties of supported molybdenum oxides species. The presence of Li
replacing Bronsted acid sites would eliminate nonselective route of oxidation on
acidic centers decreasing total activity. The Raman spectra shows a weakening of the
Mo=0 bond on Li-loaded catalysts. The change in the strength of the terminal Mo=0O
bond does not correlate with the dec e in Mo species reducibility or with the
marked decrease in propane convgrs\io\ avior suggests that the terminal

Mo=0 bond is not the act1v ‘oxida rogenation of propane, since

this bond become more labi in ractio llthlum Similar catalytic
performance was obtained i HAof ¢ Q‘SCQ\%J addition [26].
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The NiyMg;.AlI20 '_
characterized with the K&n\d*tested in the oxidative
dehydrogenation of prop del of solid surfaces, CMSS,
has been used to calculate ies in the spinels. For the
NiMgAl spinels the activity a s,c,l@:vxty ene increase with the increase in
the Ni content. The Ni ions surr_gyllgﬁby gxmthe spinel structure are proposed

as active centers for ox;htwe dehydrogenatlon to pgﬂﬁ e NiCr spinel is more

e in catalytic behavior

active but less selectiv

has been ascribed to differ nt coordi ions in th@jwo groups of the spinels

and to the lower oxygen catien’s bond energysin the NiCr spinel. In the NiyMg;.

ALO, system uﬂa uuﬂa gé]cﬂt%‘ﬁ w)ﬁj hlpﬂge increase with the

increase in the Ni dontent. It is suggestg.d that the N1—O centers are a&}ve in oxidative
sl O AR FOIN TN YA Gy e
lower selectivity to propylene (at comparable propane conversions) as compared with
the NiMgAl spinels. The comparison of the catalytic behavior of MgCr,O, and
NiCr,04 with that of MgAl,O4 suggests that Cr—O centers in the spinel structure also
participate (though to the smaller extent than Ni) in the propane—oxygen reactions.

It is suggested that the differences in the activity and selectivity observed for
the NiMgAl and NiCr spinels may be due to different coordination of Ni ions
(confirmed by the XPS measurements): octahedral in NiMgAl and tetrahedral in NiCr
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systems. The higher activity and lower selectivity of the NiCr spinels may be also

due to the lower oxygen cation’s bond energy in these systems [13].

The presence of vanadium on MgO changes the surface area of V-Mg-O. loe
content of vanadium increase the surface area sharply. However, the surface area of
V-Mg-O decreasing vanadium content. Alkali metal loading has effect on the surface
area of 28V-Mg-O. The order of decreasing surface area of catalysts are as follow: Li

> Na > K. the active species on 28\\/\% %&: VO3 and V-O-V. alkali metal

induced into 28V-Mg-O can \“'Q;M O QQ-M structure on the catalyst
surface apart from V-O-V w re M is @ectra confirm the absent of
! li i{ig\zw/lg-o increase the propane

V=0 bond on V-Mg-O su
sion. catalyst performance of V-

selectivity with decreasin

ere is better than that of catalyst

2.2 spinel material

Naoncrystalline and nanopofgfs Zing
ot

surface area and narrow pore size distri
-

e has been Successfully prepared by

hydrothermal treatment, Gf basic aluminium nitrat _acetate, at a relatively low

iu e — . . ™ .
temperature.  Powder gray d ansmlsgjon electron microscopy

confirmed that the as-prepared material wasga, pure ZnAlbO4 phase with a quasi-

spherical morphoﬂgurﬁ}yﬁ}% %}%e@hﬁﬂ cqaﬂs@ other methods, do

not required high ﬂ}nperature calcinatigns to obtain thc spinel phase. The properties

of the hydat ﬂ?ﬂ{ﬂ ﬁfﬂ ﬁlmaten’al for
use in the dqvelopment of thermally stable catalysts and supports for high-temperature

processes such as combustion of light hydrocarbon or complete oxidation of organic

pollutants and CO from exhaust and industrial gas [27].

Controlled hydrolysis of mixed metal isopropoxides, followed by calcination
at mild temperature, was shown to be convenient method for preparating high surface
area Zn-Al oxides having a spinel type structure. The main advantage of this

preparation procedure are high control on the purity of the resulting materials, and
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mixing of the precursors at the molecular level, which facilitates formation of

homogeneous product at a low calcination temperature. The material obtained had
unimodal pore radii distributions with maxima in the 1.5-2 nm range, and surface
areas in 126-288 m*g range. Both of this properties are desirable feather for potential
applications in the field of heterogeneous catalysis. Lewis type surface acidity, mainly
due to coordinatively unsaturated AI’* ions, was found to be to the same order as that

shown by gamma alumina, a determined by IR spectroscopy of adsorbed carbon

QA ////

Low-temperature synmf:nandrystﬁﬂm‘:m aluminate spinel (ZnAl,Oy)

from single alkoxide W OR)g], isdescribed. The ideal Zn:Al
stoichiometry, with respe inel 1ase in the molecular precursor, results

in the formation of mo : gkvhich significantly lower than
the temperatures reporte thesis ¢ ine ZnAl,O4. The correlation of
crystallite size and the opti 1€8'¢ : . 1,04 nanoparticles shows

an inverse relationship bet ¢ ba AP Vi particle size. The optical

coatings. The structural 1nvest1ga id-state *’Al NMR indicate that
ZnAl;Oy is partially iny jrse at lower T’émpeta (900°C, degree of inversion 0.3);
however, the regular spinel structure is obtaified at 100 *~ .| A comparison of the

average crystallite size obtained from the el osc&;y and powder diffraction

data shows that the numb%: weighted (TEM) and volume-averaged (XRD) particle

sizes are compaﬂ%lﬁl’}%ﬂ%hﬁ wﬂsﬁw ﬂ?utlon found in the

spinel particles ingour experiments comparison of the valence band spectra of

e TSR T e e

Physical properties and thermal stability of zinc gallate and zinc aluminate can
be controlled by the reaction of crystallite formation besides reaction condition and
strengthen of the alkyl group of the metals alkoxides. The reaction of crystallite
formation occurring rapidly, the crystallization of products occurred rapidly too,
therefore as-synthesis products were well-crystallized spinel, high surface area and

high thermal stability.
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The thermal stability of zinc gallate and zinc aluminate product did not

depend on type of solvents used in synthesis. But depended on crystallite sizes of
them. The type of the second metal influent on the thermal stability and rate of

thermal stability decreasing of the metal oxide differently [20].
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