CHAPTER 11
LITERATURE REVIEWS

i Ipizaﬁon which is the functionalization of

Oxidation is an oxyfunctio
//1§ep oxidation, partial oxidation and

idation, or sometimes called total
| ——

alkanes in presence of ox

oxidation, is a comb
hydrocarbon into C stich 2 onverter. Partial oxidation is
the reaction that c s by substracting hydrogen
atoms from and in eactant structure. Oxidative
dehydrogenation is a' redction of 2 Kane, and oxygen to produce unsaturated
hydrocarbon (alkene or |

g . e o .
reaction, it can be,ﬂea,rly seen that fcomae the problems which occur
L ,

S' a problem about the control

of the consecutive regtions o . carbon-@ddes. Therefore, the proper

catalyst should has thefproperties that céidf overcome this major problem. In the

past, several %uﬂ Q M msﬂﬂﬂjﬂ gucture that suitable for
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processes for a long time, their application in oxidative dehydrogenation reaction is
relatively new. This review, therefore, is concentrated on the works on ODH

reaction using vanadium oxides and some related compounds.




2.1 Review of Works on ODH Reaction

Chaar et al. [1], in 1987, studied the oxidative dehydrogenation of butane
(C,H,,) over V-Mg-O catalysts. Vanadium contents were varied between 0-54 wt%
(as V,0,). The reaction temperature was 480 to 600°C. The feed contained 4

vol% butane and 4-8 vol% oxygen and the balance argon. A selectivity, which is

defined as the percentage of /actant that formed the desired product,

- were characterized by Infrared

Spectroscopy (IR), g Ele¢ o \Miesosecopy (SEM), Auger Electron
Spectroscopy (AES) . l

Because the stic V=0 stretching band in
the spectrum of all uded that vanadium oxide in
V-Mg-O did not fo 20 substrate. Auger spectroscopy
also showed the presen ; tﬁn ‘ of Mg on the catalysts even with

smbined with their XRD study drew them

. FAETTONEI .
to the conclusion that the ‘aclive component. was the compound magnesium

orthovanadate.
The reaction s &y onedjﬂ'anadium oxide showed low
activity and low dehydrogenation selectiyity even at low conversions, and the

dehydrogenaﬁﬁ WQM ﬂ;mnﬁ &%Eﬁ}ﬁ]&ﬁ,) but a much higher

selectivity to C, products was fobserved atsa low convérsion than at high
COﬂVﬂ@ WF’-} &ﬂ fl]e‘jcmyuchg mﬂ;t-l]ba Elthlty were also
low, and the main dehydrogenation products were also butenes (C,Hg). For mixed
oxide catalysts, the selectivity for oxidative dehydrogenation increased markedly
with increasing vanadium content. At 3.5 wt% vanadium, there was only a small
increase in the selectivity compared with MgO. More significantly, there was a

distinct increase in the selectivity for butadiene, and substantial increase in the
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activity of the catalyst. As vanadium content increased to 19 wt%, the selectivity
for dehydrogenation increased to about 50% at the expense of all other reaction
products. The activity and the selectivity stayed at these high levels for catalysts of
higher vanadium content. No oxygenated product was observed. The high

selectivity for oxidative dehydrogenation instead of oxygenated production was

hich facilitated the desorption of basic
ence of V=0 which lowered the
oxidation activity of th
Chaar et
dehydrogenation of

between 0-40 wt%.

(C;Hg)and 8 vol% oxy | 2 bal: " The conversion of propane for
an empty reactor increas ith- casing te ture, but was negligible (i.e. less

than 0.5%) even at 540 C -ﬂndép ‘L‘ fie conditions, a reactor with quartz wool

Their results E}OQ ed that prope C3@) selectivity decreased with
increasing conversions. g However, for all, V-Mg-O catalysts at the same operating

contions, o] %ﬁt’yﬂﬁﬁl SN SHE D Tt o s

selectivity of up to 65% was obtained at #40% conversiofi/ addition, no
oxysetes erd Ghindi] b b brbe e e AR crs e s
propane and 0.85%1.15 order in butane and zeroth order in oxygen. The reaction
was believed to proceed primarily with breaking of a methylene C-H bond to form
an adsorbed alkyl species.

Qiu et al. [3], in 1989, demonstrated that the ferrite ZnFe,0, was an active
and selective catalyst for the oxidative dehydrogenation of butene to butadiene.

However, it was deactivated at high temperatures owning to the segregation of the




phase which is presumably triggered by some reduction. They also reported that an
external phase, such as szO4 and BiPO,, was able to stabilize the structure of
ZnFe,0O, causing by its capability of producing oxygen species (02— )-

Giamello et al. [4], in 1989, suggested the model of the O,...H species

which was the hyperfine interactio tween a surface superoxide species on MgO

and a neigbouring hydroxylic j | Woenerated superoxide O, radical ion by

ion of surface hydroxyls. This O,
A— - T——
acted as an intermeu"'—’ 2 Oxi _"-‘He HX molecule when X is

hydrocarbon chain.

Burch-and the ODH of ethane (C,H)

on a range of Mo tion was carried out in the
temperature range 3 sts, the maximum activity was
obtained when Mo contént Was_betwe ) . The addition of Nb to Mo/V

oxide catalysts increas the activity and the selectivity. Furthermore,

AT )
temperature—prograxfined reduiflj’oﬁ (TPR) teve that-the catalysts containing Nb
\

observed that the alu‘gi.na-supp tive than the unsupported

catalyst, but the suppofteth catalyst had @’ lower selectivity to ethene (C,Hy). In
AN ’

addition, the)ai ﬂo’xlln. :YJ jﬂv&l ’Jar]e
Y 0T ik T i [L )

lower oxygen partial pressures.

ntially independent of

Kim et al. [6], in 1991, studied the catalytic properties of multicomponent
metal oxide catalysts. The reaction studied was the oxidation of propane to
acrolein (CH,=CHCHO). The standard feed composition was 32 mol% of propane,
59 mol% of oxygen and the remainder being nitrogen. The reaction temperature

was varied in the range 380-520 C. "From their study they noticed that a catalyst



containing no molybdenum, BiVO,, showed very low selectivity to acrolein, but
propene was formed in large amount on this catalyst. With increasing concentration
of Mo, the selectivity to acrolein increased markedly. For bismuth
vanadomolybdate catalysts, the doping of small amount of K, Ru and TI resulted in

a rather large decrease in catalytic activity in the formation of acrolein. These

catalysts gave propene with high selectivi provements in the activity in the
formation of acrolein weresobta ed won of Li, Na and Ag.
- E——
They also obsem-—.’ en the “propane was conducted in the

zone was minimi Jr 6 red at om this result they suggested
in the gas phase at high
temperature. If the prépyliradical ft _in the pre-catalyst zone was not directed

to undesirable reactions, LA and quenching by the action of

If the catalysts sho or

kuw:Sdapom"",

was a major product.

Mazzocchia et.@.

[7], in gated {hnd B-phase of NiMoO, with

X-ray dlffractﬁ electricab>conductivity dnd IR spectrosco y techniques in order to

tentatively ra :Ueﬂ'lmﬂ wamvft]eﬂo erved in the ODH of
zr:;za%m AV T

was formed by the reaction of propane with surface O anions. Furthermore, they
found that B-phase was almost twice more selective in propene formation than the

O-phase that may be due to the different oxygen environments on the active

catalytic site.



Smits et al. [8], in 1991, studied the ODH of propane over niobium
pentoxide. They investigated the effect of calcination temperature with unsupported
niobia samples by varying temperatures between 300 and 850 C. It was found that
niobium pentoxide, calcined at temperatures between 500—700°C, exhibited a high

selectivity for the ODH of propane, although conversion was low. However, the

conversion could be improved e partial pressure of oxygen without

lectivity, the proportion of O,

T —

decreased with an inc rature. These results may be

due to the presence low temperature of acidic OH
“groups originating froff d. sterti aterial 'used for the preparation (it is
known that Bronsted dcidi he of zgi*y on niobia calcined below
SOOOC). Furthermorey th . ﬁ v ivity of niobium pentoxide by

depositing them on a hi s Biea 1 pport. This result showed that

e

to unmodified a—algmina (wuv’c‘ismw 1:6Y

to play an importantlgolléﬁ 1 . of tl'%j surface when present in a

multicomponent oxide eatalyst. The relatively inert surface behavior, combined
with a uniqueﬂpu&gamﬂm jym,ﬂa’;] mbiﬂy responsible for the
very selective bylavior of niobia in‘the ODH of%ropane. e/

ARAAN DAL AT AT, s
butane or'iI iron-zinc oxide catalysts. They found that the presence of a zinc ferrite
(ZnFe,O,) phase with a spinel structure yield high selectivity to butenes. This
phenomenon was explained by the loss of mobility of the lattice oxygen as a -
consequence of crystallographic structure change, from corundum in a-Fe,O, to
spinel in ZnFe,0,. When ZnO was present, the n-butane oxidative dehydrogenation

reaction was observed to proceed to butadiene formation.
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Hayakawa et al. [10], in 1992, tested the catalytic activity of a series of
perovskite catalysts for the oxidative dehydrogenation of ethane. The composition
of the catalysts covered CaTi, [Fe O, 5 , with 0= X < 04, SrTi, ,Fe O, § ,
with 0 < X < 1.0. They found that the catalyst containing more basic Sr metal

showed higher selectivity to ethene than the catalysts containing less basic Ca.

Owen et al. [11], in { ‘V#/ their study on the effect of oxide

structure and cation tentla ates on the selective oxidative

dehydrogenation of b m orthovanadate [Mg,(VO,),]

was found to be a “oxidative dehydrogenation of
butane than magnesi

however, both catal

that in Mg,(VO,), th condition that the adsorbed
molecule could only in 1 _-F ‘ i Mg,V,0,, on the other hand,
the V,0, could provide th o@xfy urface species to react with two VO
units snnultaneouslyi prov1déﬂ-"tﬁai’ he fcule was sufficiently large
enough. Propane V___ —————— nit and could not distinguish

between Mg,(VO,), a‘Q’ bl g, Vo due to @ sufficiently large size, was

able to interact with twa’ VO, units in thq_))'ﬂ., group simultaneously. This led to

the combustlorﬂf w q Mz%n ﬁl EJ ’] ﬂ §

Desponds et al. [12], in 1993, reported>the stud le of catalyst
composanwf’lnar\ﬂemnﬁm ;ﬂl—ﬁb:]xgomﬂ i]:;a E[othe oxidative
dehydrogenatlon of ethane. The studies were performed under atmospheric pressure
at temperatures varying from 350 to 450°C. They reported that below 350 C the
rate was too low and could not be measured reliably. At temperatures higher than

450°C, the sintering of the catalysts occurred with a significant reduction on the

surface area. This lost of surface area by sintering prevented operation at
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temperature higher than 450 C. The rates of formation of ethene and carbon
dioxide were found to vary slowly with the reaction temperature and yielded
activation energies at 18-20 kcal/mol for ethene and 16-17 kcal/mol for

carbondioxide. The product distribution was found to be slightly affected by the

change in the ethane to oxygen ratio. Although water was formed during the
31/; ot be observed. The reaction order

reaction, the effect of the watq@

with respect to oxygen ss3‘e

ed to have a complex pattern.

For oxygen partial presse . “'&h-was almost independent of the
oxygen partial press :
range of 7.5-15 kP
high temperatures.

temperature was expl

reoxidation of the catal

‘ e ! * " h
the rate limiting stezEx The refc"{ﬁ‘ity v'bi" Ji

oxides were being for ed by t

by the second aEi oxidation=of ethene.

They uﬂdq nHME wtlﬁjtgenaimon metal oxides was
necess an_activ m ture having the
atomi av aﬁﬁ ;‘j ﬁﬁjﬁhﬂ'qi the best results.
The role of niobium oxide was suggested to inhibit the total oxidation of ethane,
thus, improving the selectivity for ethene.

The study of the stabilities with time of the Mo:V:Nb with the atomic ratios
of 6:3:1, 8:2:1 and 19:5:1 showed an interesting result. They observed that the

Mo6:V3:Nbl catalyst deactivated at the beginning of the run. The surface area

measured before was less than the surface area after the reaction which can be
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attributed to the deactivation by sintering. The surface compositions of the fresh
and the used catalysts determined by X-ray photoelectron spectroscopy (XPS) did
not show any significant variation in the composition. However, they observed
from their XPS data that a significant amount of carbonaceous species existed on

the surfaces of all the three catalysts after use. Thus, they suggested that the reason

depend on the catalyst

Centi [13], i n the selective heterogeneous
oxidation of light ts. The paper reported that
the deep oxidation n oxides) starting from an

alkane and its respecti Gﬂd e di . This phenomenon was due to

\ o
oxidation of alkene,~ofithie contrary; alimost all thi Tactive sites were covered by

alkene and therefore 131b1 ed the ac
Concepcion et ak' [14], in 1993, tested the catalytic properties of vanadium

smiephespfo Pl 1 bl il Wirogenaion o propue

propene. The reaction was ‘Carried out4im an isotherfadl flow reactor at
atmospa'lw ’lﬁ ﬁ n jnmru mg:]f)’(]) %l)g f’]‘@ EJJC reported that,
dependmg on the vanadium contents and the preparation procedure, different
vanadium species and different catalytic behavior were observed. Vanadium species
with a tetrahedral coordination present in vanadium aluminophosphate catalysts
were proposed to be the active and selective species in the oxidative

dehydrogenation of propane.
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Burch and Crabb [15], in 1993, studied the oxidative dehydrogenation of
ethane to ethene in a quartz reactor in the absence and in the presence of range of
MgO-based catalysts and/or inert packing. Their experiment on thermal pyrolysis
of ethane with no oxygen present using an empty reactor showed that the non-
oxidative pyrolysis of ethane was not really significant until reaction temperatures

were of at least 700 C. Whe @%‘4# they could observe that the oxidative
1 g;\ = é:‘ o

route became important tures C lower than for the thermal
A— - = o

i io. of k2 at a temperature of 600 C, a
| 73.7%. However, when the
Xhase radical reactions were
i erial inhibited the gas-phase

e hot zone and possibly by

pyrolysis reaction.

conversion of 45%

reactor filled with qua
greatly inhibited.
radical reaction by
trapping radicals.
When a MgO ca 16§/ found that the conversion increased
sharply with temperi%iure 'I‘hé-'{e'ibtf ivit *“"- ethiene increased to a plateau at a value

o

of 60% at :—:-:':-:-—:-*5-:-' ----- ion of . I sesulted in a decrease in the

conversion of ethang but 0 thea was found to be greatly

enhanced. Addition off'Sa, to MgO initially resulted in a substantial decrease in

S Ho@ wegmm WBL B catayst, but setectviry

to ethene was lower
a mllt:lta)ﬁcfrl ‘ilmvu mbrlla m-ﬂ ’-l ﬁ Ejtalyuc oxidative
dehydrogenatlon of ethane on various catalysts, they suggested that the non-
catalysed gas-phase reaction was competitive with the best available catalysts.
Corma et al. [16], in 1993, studied the oxidative dehydrogenation of propane
on sepiolite supported catalysts. The reaction was carried out in a fixed-bed
microreactor. Silica carbide (SiC) was used as diluent. They found that at low

vanadium content, isolated tetrahedral species was formed and both activity and
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selectivity to propene increased when increasing the vanadium content. At medium
or high vanadium content the appearance of associated vanadium species could be
observed and, while the activity still increased when total vanadium content was
increased, the selectivity to propene remgined constant. MgV,0, and V,O;

crystallites which were suggested to be formed at vanadium in a tetrahedral position

was less active than the vana&%‘

#y/al position, the yield to propene was
higher. — /é
#

s cture and dehydrogenation

Okuhara et al.
activities of vanadiu g0, AL,O; and SiO,) by X-
ray absorption (EX decomposition of ethanol
adsorbed respectively that vanadium on MgO
formed new phases su 2 V,0; . V,0,.\Mg,V,0, consists of V ions
in tetrahedral sites (V-O |

groups (V=0, V-0). EX yecira reve ded' that the structure of V,05 was very

sensitive to the supports and'fm impregnation or chemical
vapor deposition ( ,;‘— --------------------------- by CVD brought about
thin films which hB “high bilities @bd  catalytic activities for

dehydrogenation.

o LY

Yoon eﬂ.wﬂn’g9%] &Jdngewl&llq Q\ﬁrogenation reaction of
propane to propyle over cobalt melybdate catalysts. The catdlysts were prepared
wom AT AN A ST TN e
reaction \:as carried out at temperatures around 450°C. The reactant gas contained
18 mol% propane, 7 mol% oxygen and the remainder being nitrogen. They
reported that cobalt molybdate showed high catalytic activity for the oxidative
dehydrogenation of propane to propene. In addition, they also reported that

composition of the catalyst strongly affected catalytic properties. For the oxidation
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of propane, Coy9sMoO, showed 4 times higher in activity than CoMoO,.
Furthermore, the Na-added catalyst, Coy ¢sNay isMoO, was completely inactive.

Lindbald et al. [19], in 1994, characterized vanadia supported on amorphous
AIPO, catalyst and its properties for oxidative dehydrogenation of propane.
Activity tests were carried out in a -opventional flow micro reactor at atmospheric
: ‘T&/_ontaining 0.25-8 vol% propane, 3-32
rogen

sult showed that the activity for

pressure. The gas flow rate w

i\

vol% oxygen and bala 7
oxidation of propane dﬁ—-’ th the s loading. The reaction was best
performed at 6 wt% ssted (0'be. associated with the presence of
tetrahedral vanadiu e ctiviry at higher vanadium loading was
suggested to be ass or¢ 4 _. ive €8s sclective sites on V,0,.

Andersson

“a—_,.a"- l‘,.'_@‘ ) | =
I Wt . 5
observed at low cc:&vemmn were propéne a ‘while carbon oxides were
\

dominating at high detected. The initial rate

of oxidation of propeg on the various m)mpositions was found to be

first order with respectfte=both oxygen d pr at low partial pressure. At

higher partial @Luﬂhg'eq’qu’ili Mﬂﬁﬂniv was obtained and in

some cases ¢ a?m st zeroth- fﬁ § tai ﬁ.]‘ftaq'b’ en.
%nﬁ;lﬁﬁlﬁz‘id ﬂﬂj tlﬁ;zl]janve dgfrdrogenation of

ethane on magnesium-vanadium-aluminophosphate (Mg-V-AIPO,) catalysts. The
reaction was studied in the temperature  range 500-600 C using
ethane/oxygen/helium molar ratio in the feed of 4/8/88. From their experimental
results they could conclude that activity and selectivity to ethene decrease in the
trend Mg-V/AIPO, > V/AIPO, > Mg/AIPO, > AIPO,. The catalytic activity for the
conversion of ethane was reported to Aecrease in the order V/AIPO, 2> Mg-V/AIPO,
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>> Mg/AIPO, =~ AIPO,. They have proposed that the presence of Mg2+ ions,
which increased the acidity of the catalyst, increased the selectivity to ethene
although the activity was not influenced. The presence of vanadium species, which
increased the redox character of the catalyst, increased both the activity and
selectivity for the oxidative dehydrogenation of ethane. Another role of Mg was

suggested to stabilize isolated W%H#fgn site which was proposed as selective

sites for the oxidative deh tion propane and n-butane.

Zhang et al. tive dehydrogenation of propane

over fluoride prom The catalysts studied were

CeO,/2CeF,, Sm,0MCepl MO JACER,  andy 5 They found that

Wang et al. [23], --iia_'-:ﬂ%hi}j--‘ ves ed catalytic and electrocatalytic
LA

oxidation of propage—en—V-Mg-O—a ind—V=Mg=0O g)| catalysts. This reaction

e
occurred in two dlgren stud)ﬂ first was the conventional

heterogeneous catalytlcge tion which obtained 79% selectivity at 10% conversion

(813K) from \ﬂ urﬂn'ag %&Jom ‘jw %tleflﬂrﬁi under electrochemical

pumping of oxygen (EOP) towards’ the catalystss, With o /j gefipresent in the feed

o, b chivebioh W etocb bl bl tichd B, imicain

effect of electrical current can be exhibited by an oxide catalyst. But in the
absence of oxygen in the feed gas, EOP could lead to an even higher selectivity at
84 and 86.9%, respectively, with V-Mg-O(Ag) catalyst. In the case of V-Mg-O(Ag)
catalyst, the role of Ag was found to be “non-chemical”; it simply increased the
three-phase (gas/catalyst/Ag electron) interfacial area. They noted that for both

catalytic and the electrocatalytic processes, a surface oxygen ion (or vacancy) was
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suggested to be involved. Whereas the rate determining step involved heterolytic
splitting of the C,Hy; molecule leading to the formation of a surface bonded C,H,
ion and a surface hydroxyl ion. The higher selectivity towards C,H; in the case of
EOP was attributed to the relatively weaker surface bond between C,H, and the
e towards deep oxidation.

ﬁ- characterized three pure magnesium
vanadate phases of MgV30,-O-) gﬂzO&VZOg. These three phases were

prepared by the ciuay % :
From characterization of - pha ir ; Fourier-transform IR, Raman,

XRD and SEM techni ' -: f und t at il article size and morphology of

vanadium ion and thereby less vulnerz

Gao et al. [24], in

the MgV,0, phase, #hi -a function of ealcination temperature, appeared to
have a strong effect infrare bra,, | significant change was observed in

the position, relative i d* widthuof t frared bonds as a function of

were examined 1mhar 1ydroge n of propane. The propene
_‘8 - MgV,0,, which was
s'ngested that there was some

consistent with theiradox properties. 1s fact
correlation be ';:ﬁl i dﬂdi ies of these magnesium vanadate
phases. Themat iﬂﬂa y ﬂﬂmism was as suggested
throug tmo cyel ‘;sj d-]\P’ Yrﬁuj ﬁ behavior under
reactioao 1tiona\u§hfﬁ:g:gb e fﬁhs gec ive oxi atlong! propane.
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Deo et al. [25], in 1994, investigated the molecular structural and reactivity
properties of supported vanadium oxide catalysts (MgO, Y-ALO,, TiO,, ZnO,,
Nb,O; and SiO,) by using various characterization techniques (e.g. XPS, Raman,
IR, X-ray absorption). They suggested that in all the supported vanadium oxide

the vanadium ion presented as an aqueous

samples (exception of V,0,/MgO),
solution on the surface of the ¢ rt under ambient condition. Under
species bonded directly with the
oxide support surface ‘ O no drastic change occurred in
Raman spectra betw \and dehydrz onditions. This result could
be explained that vanadiufm ‘ =dor antly s compounds with MgO on

MgO surface. . found surface pH at point of zero

charge (pzc) of the su tum!l lepende the specific oxide support and the

surface vanadium oxide specigs: 166, mofe vanadium oxide loading and lower

pH value, the surfaﬁ aMm/ % dctares became more polymer. The model

RAOCE:

- \__/ net surface pH at PZC

Oxide Support.

Figure 2.1 The model of aqueous solution on the surface of the oxide support

under ambient condition.
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surface hyd;oxy'.s polymeric species - isolated species
VxOy OH _VxOy v—'lxoy /{;\_
_ ( A . ' .

and propane. They indic hat v adium‘oxide was not a good catalyst for the

‘r“;;*_ o - I..
paraffins ODH, but the spmdiﬁﬁﬁf’ he'oxide onto a_support with basic features

led to a more selgctive—catatyst—Mg—orthovar d Mg pyrovanadate were
reported to exhibit thﬂ bes “cs e of,ﬂ-Mg-O in ODH. Moreover,
they discussed the main’ aspects of ethane,and propane oxidative dehydrogenation

s e e SN HRINE NS

Matyshak and Krylov [27], in 1995,zused in situ aIR spectroscopy to
lﬂVeSU@ew qiaaﬁm ﬁtmu\mfl;g\'magl:l a\ﬂbjectlve of their
study was to determine the mechanism that occurred in oxidation reaction. Many
kinds of oxidation reaction were studied in the work, i.e. partial olefin oxidation.
In partial oxidation of ethene (C,H,), Fourier-transform IR spectroscopy (FT-IR),
diffuse reflectance spectroscopy, together with transient response kinetic
measurements revealed the presence of weakly and strongly bound acetaldehyde

(CH;CHO) and also CH,CHO,,; in ‘the oxidation of C,H, to C,H,O on Ag/a-
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Al)O,. Similar investigations over Agfy-Al,O,, which had a lower selectivity,
showed that adsorbed ethene, carbonates and Ag-CO, which possibly were
precursors of total oxidation were present on the surface. In the case of Gleave and

coworkers work [28], oxygen which reacted with ethene over Ag powder did not

act in the same way. CO, was fo pquicker than C,H,O mainly at the expense

of the weakly bonded surface to that the intermediate charge state
of silver (Ag8+) is possib ‘

It vaégested for this phenomenon that
| — - r
+
there were two formsﬂ'——- ' hilic oxygen, 0° ), formed a

complex, giving rise

-
H,C3CH,

o :
Ag—Ag—Ag Ag—l‘

AUEINYNTNYINT

Further studying of this pfocess indicated that etherie/ was oxidized by
sl Syach 54 e dubldet Wy ghnil] Sk 1 p—
FT-IR revealed the presence of a Tl-complex (the intermediate complex) of C,H,,
adsorbed acetaldehyde and also some weakly bound enol complexes.

The results of temporal analysis of products (TAP) experiments [28] showed
that weakly bound forms of adsorbed propene did take part in its oxidation to

acrolein over Bi,0,-MoO,. These experiments also found the existence of two
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forms of adsorbed oxygen. One of them taked part in partial oxidation, the other
did not, but could easily be exchanged with oxygen from the gas phase.
The sites, at the oxide surface where olefin complex can be adsorbed as TT-

allyl, were not only metal ions but also the surface acid Bronsted sites.

2.2 Comments on Previous W | : /

It can be seen that there s 7€ '@nt on the relationship between
catalyst structure and . Motedver, vestigation of the effect of
alkali doping is not clear a ler ferm o surface improvement. Basic
surface oxide is believed Alkali metal basic catalysts
are known to be effe: o the oxidative coupling of

methane. Hence, it is integésting, to study such effe this work.
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