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ABSTRACT

Deactivation of Fe-K commercial catalyst has been studied during the
ethylbenzene dehydrogenation to styrene. After using the catalyst for two
years, a long-term reaction test led to 15% reduction in the styrene
selectivity. For the activation of these catalysts, oxidantslike N,O, CO,, air,
steam and mixtures of these components have been examined. Fresh, used
and regenerated catalysts were characterized by X-ray diffraction (XRD),
scanning electron microscope (SEM), BET measurement, |CP elemental
analysis and hydrogen temperature-programmed reduction (H,-TPR).
Catalytic dehydrogenation of ethylbenzene to produce styrene was
investigated using fresh, used and regenerated catalysts at 660°C and
atmospheric pressure in the presence of steam. Results have demonstrated
that high tendency of N, O to increase the Fe,O, active phase and regain the
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oxidation state of iron.

INTRODUCTION

The catalytic dehydrogenation of ethylbenzeneto
styreneisof increasing interest dueto thegrowing de-
mand for styrene. Thisva ued product isanimportant
raw materid for producing acrylonitrile-butadiene—sty-
reneresins, expandablestyrene-butadienelatex, and a
variety of synthetic polymerg2.

Catdytic dehydrogenation of ethylbenzeneisawell-
knownreaction at industria stage, whichiscarried out
over potassium-promoted iron oxide catalystsin the
presence of superheated steam. Steam does not par-
ticipatein the reaction but increasesthe activity and
selectivity of thecatalyst®#. Thisreactionisendother-
mic (reaction 1), and high conversonsareobtained only
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at high temperaturesand low pressures.
CH.CH,CH, — CH.,CH=CH, +H,
AH=117.6kJ/mol )
Reaction (1) can aso promote Fe** reduction, as
verified by andyzing the catalystsafter thereaction pro-
cess!l. Furthermore, it has been found that the potas-
sium ferrites containing mainly Fe**ions show higher
activity compared to the onewith Fe** sites. Theloss
of activity of commercia cata ystsduring the dehydro-
genation reaction has been aready discussed and in-
terpreted aspotassium loss and auto-reduction of Fe
to Fe?*(19l,
The Fe** reduction can promote the formation of
FeO, whichiscatayticdly inactive®7, or theformation
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of Fe,0,, which exhibitsonly aminor catalytic activ-
ity*8 in the dehydrogenation of ethylbenzene.

Ontheother hand, N,O emissionfrom nitric acid
industry isoneof the harmful gasesto theenvironmernt,
which causes the greenhouse effect and ozone layer
depletion®. Besides, the activity of Fe-ZSM-5indi-
rect decomposition of N, O hasbeen studied for many
years'®U, |t isgenerally accepted that aFe?* ionforms
the core of thecatalytic site*?. Inthisregard oxidation
of Fe** ionsby N O issuitableto transform Fe** ions
to Fe** ions (equation 2). It should be noted that during
N,O catalytic decomposition the amount of Fe** ions
increases, indicating that divalent ironisoxidized*,
2Fe(11)+N,0 > 2Fe(lll)+O_,, .+ N, @)

Morerecently, it has been discovered that carbon
dioxide could markedly promote the dehydrogenation
of ethylbenzene over iron oxide catalyststhrough the
reversewater—gas shift reaction (RWGS), which pro-
ducesH,0and CO[14,15] (equation 3).
CO,+H,~»H,0+CO €)

Ikenaga et al. have reported the positive role of
carbon dioxideasan oxidizing agent in the dehydroge-
nation of ethylbenzene. They demondtrated thet the car-
bon dioxide could reduce the chromium oxide species
and reoxidate them to chromium (111) oxidée'¢l,

Regarding theabove mentioned points; inthisstudy,
the deactivation and regeneration of Fe-K commercia
catayst during theethyl benzene dehydrogenation to sty-
rene have been investigated. In addition, amethod for
regeneration of spent ethylbenzene dehydrogenation
catalyst for reusein thisreaction has been presented.
For this, aprocessfor regenerating of ethylbenzene
dehydrogenation catalyst comprisesthe stepsof flush-
ing with N,O gas, passing steam containing N, gas,
flushingwithair, passing oxygen-containing gasmixture
comprising N, O gas, and passing the mixture of N,O
and CO, through used catalyst in theatmospheric pres-
aure.

Furthermore, in the deactivation and regeneration
process, phase changesand surface characteristicsand
also catalytic activity of fresh, used and regenerated
catdydsfor ethyl benzene dehydrogenation, wereeva u-
ated. Thephysicochemicd propertiesof fresh, used and
regenerated cata ystswere examined using X-ray dif-
fraction (XRD), scanning el ectron microscope (SEM),
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BET measurement, ICPeementa andysisand hydro-
gen temperature-programmed reduction (H,-TPR)
techniques.

The decoking process and oxidation-reduction
treatmentsfor the deactivated catal yst have been ex-
amined for the purpose of regeneration of deactivated
catayst.

Inaddition, thisresearch d so presentstheeffective
utilization of harmful and major greenhousegases. A
similar regeneration study has not yet been reported.

EXPERIMENTAL

Materialsand regeneration procedures

Thefresh commercid catalystswereobtained from
BASF Company and ethyl benzene was obtained from
thestyrenemonomer unit of Tabriz Petrochemicd Com-
pany. The used catal ysts were downloaded from an
industrial reactor which had been used continuously
under severe condition (LHSV =1 h?, T =650 °C,
mass ratio of steam to ethylbenzene= 1.3, P=400-
450 mmHg). Thecataystswereintheform of cylindri-
ca extrudate, with adiameter of 3mm and length of 4-
7 mm. N,O, CO, and liquefied air were purchased
fromacommercia plant. For thesteam generation high
purity deionized water was used in thereaction. As
showninTABLE 1, activated cataystsasR1, R2, R3,
R4 and R5 were prepared by passing different gaseous
over used catalystsat 660°C.

Catalyst characterization

The crystallinity of the all type of catalysts was
checked by X-ray diffraction (D500 Siemens) using
Cu Ka monochromatized radiation source (30-40kV
and 40-50 mA) intherange of 20 =4-70°. The scan-
ning electron microscope (SEM) images and
microelemental analysis (EDX) are performed with
Philips-XL30 equipped withamicroanalysssystemon
samples coated with gold to decrease charging. BET
surfaceareaand total porevolumewas measured by
N, adsorption-desorptionisotherm at liquid nitrogen
temperatureusing NOVA 2000 (Quantachrome, USA).
Thechemica compositionsof the catalystswere deter-
mined by aninductively coupled plasmaspectrometer
(ICP, GBC6-XL). H,-TPR measurements were per-
formed on catal ysts pretreated in Heflow (50 ml/min)

" CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



160

Deactivation of Fe-K commercial catalysts during ethylbenzene dehydrogenation

CTAIJ, 9(5) 2014

Full Paper ==

TABLE 1: Different proceduresfor regener ation of used catalystsand physical propertiesof thefresh, used and regener ated

catalysts
Catalyst Regener ation gas Time (h) Sser (MPQ) V,Tx10° (ml/g) RyA (A)

used - - 3.87 9.95 51.36
fresh - - 4.64 15.72 62.73
R1 ar 11 6.79 10.15 29.9
R2 steam, N, 11 2.13 413 38.88
R3 N.O 11 1.75 6.24 71.36
R4 N.O, CO, 9 5.25 7.75 29.53
RS N,O,air 11 - - -

Note: S.__ (BET-surface area), vV, T (Total pore volume) RA (Average pore radius)

BET

at 300°C for 1.5 h prior to heating under H, flow (6
vol. % in Ar) from 20 to 900°C at a heating rate of
10°C.min™. H, consumption was continuously moni-
tored by athermal conductivity detector.

Catalyticactivity measurements

Catalytic experimentswere carried out on com-
mercid, used and activated catdysts, under amospheric
pressurein acontinuousfixed-bed stainlesssted! reac-
tor (i.d. 10 mm and length 500 mm) placed insidean
electricaly heated furnace. Prior to dehydrogenation of
ethylbenzene, thereactor wasloaded with 4.0 g of cata
lyst sample. The catalystswere activated at 660°C. It
wascaried outinaflow of N, (100 ml/min) for 30min
and subsequently 1hinaflow of H,O (14 ml.h™). After
the above mentioned pretreatments of the catalyst, the
reaction was conducted for different catalysts.

Ethylbenzene wasintroduced by apump with afeed
rate of 30 mmol/h. Preciseamountsof ethylbenzene,
and other gaseous feed were mixed and introduced to
avaporization chamber at 250°C before being intro-
duced to the catal ytic reactor. A preheater was placed
prior to reactor and allowed the stabili zation of thecom-
position of thegasmixture before eachtest. The cata-
lytic testswere carried out for 1 h. Figure 1 showsa
schematic diagram of used experimental set up. The
outlet stream from the reactor was passed through a
condenser and the productswere collected for analy-
sis. Thereaction productswere andyzed by aShimadzu
2010 gas chromatograph apparatus with a flame
inductivity detector (FID). Nitrogen was used as car-
rier gas, and flow rates were measured using acali-
brated flow meter. For each measurement, at least three
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results. Air wasused asamarker for theretentiontime
correction, which was used to ensure the absence of
dead volume when anew column was placed in the

chromatograph. Styrene, tolueneand benzenewerethe

main desired products. Whenthetest wastofinish, the

reactor was cooled by water until thetemperature de-
creased to 250°C. A stream of nitrogen was finally

Intensity /a.u.
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added until thereactor reached room temperature.

RESULTSAND DISCUSSION

X-ray diffraction

Sincethetypeof iron oxide phaseshastheimpor-

tant effect on catalytic performance, therefore it is
needed to identify different crystalline phases in
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Figure2: X-ray powder diffraction patternsof (a): fresh, (b): used, (c): R2, (d): R1. (¢): R3, (f): R5catalysts
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ethylbenzene dehydrogenation catalysts. Theiron ox-
ide phases of cataystswere confirmed by meansof the
X-ray diffraction. The peaks at 26= 24.14°, 33.15°,
35.61°,40.85°,49.48°, 54.09° and 63.99° obtained in
thediffractogramsof thefresh samplecanbewd| fitted
to thedataof the JCPDS card No. 33-0664 (hkl 012,
104, 113,024, 116, 300), thusindi cating the presence
of hematite (a-Fe,O,). Alsoaccordingtoavailabledata
in JCPDS card No. 31-1034 peaks at 20 = 8.62 °,
17.3°,35.0 °, 36.85 °, 39.49 °, 41.15 °, 44.2 ° is
relatedtotheK Fe,O,, phase. Thereforethe Fephase
of fresh catalyst consists of the Fe,O,, K Fe,,O,,and
KFeO, phasesascan beseeninFigure (2: a).

XRD pattern of used sample showsthat during the
catalyst deactivation Fe,O,, K,Fe,,0,, and KFeO,
phases convert to Fe,0, and FeO phases. Asillus-
trated in Figure 2 (b) existing peaksintheregion 20 =
30.16°,35.45°,43.25°,56.78 °, 62.72 ° are related
totheFe,O, phase. FeO crystalline phaseis catal yti-
caly inactive, and Fe,O, crystaline phaseexhibitsonly
aminor catalytic activity in the ethylbenzene dehydro-

genation reaction¢8,

Theseresults suggest that the deactivation of the
Fe-K commercia catalyst wasdueto changeiniron
bulk phase (i.e. thereduction of iron phase), whichwas
proposed asadominant factor of catalyst deactivation
inthe ethyl benzene dehydrogenati on reaction™”.

JCPDS card No. 43-1002 showsthat the existing
datain 20 = 28.54, 47.48 °, 56.34 ° is related to the
CeQ, crystal phasewhich wasobservedinall fresh,
used and activated sampl es, without any changes.

For thesampleR3, asshowninFigure2 (e), inten-
sity of peaksrelated to the Fe,O, phase at 20 = 24.14
°,33.15°,40.85°,49.48 °, 54.09 °, 63.99 ° has been
increased and intensity of peaksrelatedto Fe,O, crys-
talline phaseshasbeen reduced. Also al coke deposits
in used catalyst in the presence of the N,O were re-
moved.

In R1 and R5 samples, peaks related to Fe,O,
crystalline phase al so observed but compared with the
R3 catalyst, peaks have lessintensity. It isworth to
mention that coke deposition did not seenwhen N,O

18m Photo Ko.=12 E1

1pn Photo No.=9 Dotootors SE1

Figure3: SEM photographsof (a) fresh at 5000x magnification, (b) U1 at 5000x magnification and (c) U2 at 1000x magnifi-

cation (d) U2 at 5000x magnification
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gaswas used. Thus can beresulted that N,O gascan
effectively iminate cokedepositsandincreased Fe,0O,
crystdlinephase.

SEM images and specific surface area measure-
ments

Surfaceareaof the catalystsisoneof theimportant
factors for the reaction. Asshown in TABLE 1, the
BET surfacearess, S, ., are slightly decreased upon
the deactivation compared with thefresh catalyst. A
more pronounced decrease was seen inthe BET-sur-
faceareasinthe case of R2 and R3 catalysts.

In fact the BET surface area reduces when the
catalyst deactivated by coking. It can be seen from
these data that the average pore radius does affect
the surface areaand R3 with the highest average pore
radius have thelowest surface area. Comparing the
fresh and used catalyst samples, the surface area, to-
tal pore volume and pore radius are not almost the
same. It indicatesthat the coke precursors deposited
onthe surface of the used catalyst block the pores of
the catalyst.

In order to provide adeeper understanding of the
possible causesof commercia catalystsdeactivation,
this section aimsat studying therel ationshipsbetween
surfaceand structurd featuresof thecatdystsduringits
deactivation. Theserelationshipswere used to deter-
minethecausesof deactivation of thecommercid cata
lystsduring the styrene production by means of dehy-
drogenation of ethylbenzenewith steam(*®,

Thesurfacesof thefresh, used and activated cata
lystswere characterized by SEM-EDX and are shown
in Figures3-6 and TABLE 2. Figure 3 (a) showsthe
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morphology of thesurface of thefresh catalyst. Asseen,
agglomerates of 0.5-2 um particles were observed.
Figures 3 (b-d) show SEM microphotographs of the
outer layer and bulk of used catalyst (as Ul an U2,
respectively) at various magnifications. Thesefigures
show that there are numerous dark grainson the sur-
faceand bulk of the used catadyst. TABLE 2 showsthe
chemica composition of different areas of Figures3-6,
asdetermined by EDX andysis.

EDX resultsshow that the concentration of potas-
sum speciesa thesurface of thefresh catalystissome-
what lower thaninthebulk. Amount of potassuminthe
large dark particleismuch higher thanitssurrounding
materid.

Figures4 aand b show the SEM images of outer
layer and bulk composition of RS catalystsrespectively.
Thedark particles could not be seenin thesefigures
and EDX analysis confirmed that potassium and ce-
rium species are much higher in the bulk than at the
surface. Radial view of fresh and used cataystsinthe
Figures5 a-d showsthat unliketheused cataly<t, dark
and large particlescould not be seeninthefresh cata-
lyst. Thuswe concludethat during the catal yst deacti-
vation potassium concentratesin somedial large ag-
gregates. Thiscan be aso one of themajor causes of
commercid catalyst deactivation.

It may be concluded fromtheradia view and EDX
anaysisthat fresh and regenerated R5 catal ysts have
an essentially constant iron concentration.

ICPanalysis

Thechemica compostionsof thefreshand used cata
lysts(Fe, K, Cr, Mg, Caand Mo) were determined by

Figure4: SEM photogr aphsof (a) R5-1 at 3000x magnification and (b) R5-2 at 5000% magnification
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300um — " - .
Figure5: SEM photographsof (a, b) radial view of fresh catalystsat 21x and 10000x magnification, respectively and (c, d)
radial view of used catalystsat 24x and 3000x magnification, respectively

Figure6: SEM photographsof (a, b) axial view of used catalystsat 20x and 3000% magnification, respectively and (c, d) radial
view of R5 catalystsat 50x and 3000x magnification, respectively
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aninductively coupled plasmaspectrometer. Compari-
son of analysisof fresh and used catalystsin TABLE 3
showsthat the concentration of potassiumin spent cata-
lyst had decreased morethan 27%. Theamount of other
species such asMg and Caionsremained practically
unchanged after usng thecatayst. Furthermore, itisfound
that theincrease of Cr/Feratio of the used catalyst is
negligible indicating thet thereisalmost nolossfor chrome
speciesduringthedeactivation. Thedightincreaseisdue
tolossesof other species.

Temper ature-programmed reduction

Thestability of framework Fe(I1I) and Fe(II) spe-
ciesinthefresh, used and regenerated catalyststowards
reduction could befurther confirmed by H,-TPR. Re-
duction(TPR) profilesof thecata yst samplesareshown
infigures7 and 8. Asshownintable4, threemainH,
consumption peakscan bediscriminated: i) lessthan
400°C ii) between 400 and 600°C, and iii) above
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600°C.

AsshowninFigure7 (a) thefresh sampledisplayed
two peaks at 563 and 710 °C. According to litera-
tured’®2 thefirst oneisassigned to the reduction of
Fe,O, to FeO whilethe broad peak at high tempera-
tureisrdatedtothereduction of FeOto Fe. TPR andy-
sisof used catayst (Figure 7: b) suggested that thesig-
nals appeared at 482 and 804°C are related to the re-
duction of hematite (a-Fe,0,) to magnetite (Fe,0,)
and reduction of magnetiteto producemetalliciron,
respectively!?, It can be noted that, the used catal yst
reduction peak of Fe,O, to FeO shiftstolow tempera-
ture, i.e. from 563 t0 482°C. Perhaps a large amount
of cokesinthe used sample catal yzesthe reduction of
iron (111) oxide. Thelower intensity of the Fe,O, reduc-
tion peak for used catalyst compared to fresh catal yst
suggeststhat alower Fe(l11) speciesisachievable.

Compared withthefresh catayst avery smilar re-
duction profilewas obtained for the R1 cataly<t, and

TABLE 2: Total and point chemical composition (atomic. %) of fresh, used and regener ated catalysts, performed by EDX

analysis
Catalvt Areaof EDX Fe K Cr Ce Mg Ca
Y analysis (Atomic %) (Atomic %) (Atomic %) (Atomic %) (Atomic%) (Atomic %)
1 76.64 18.09 2.84 - 2.43
fresh

2 76.77 11.2 3.43 7.12 1.38

3 70.96 23.78 1.06 4.21 - -

used -1

4 86.13 2.90 131 5.4 4.26 -

5 38.46 49.3 4.35 3.97 - 3.92
used -2

6 83.75 8.25 1.45 5.66 0.89 -
R5-1 1 91.28 12 117 4.77 - 157
2 93.63 4.86 - - 1.33 0.19
R5-2 3 82.76 6.51 1.25 8.17 131
4 84.08 5.27 1.72 6.58 - 0.47
Fresh (radial) Total 81.03 7.31 2.22 4.26 5.18

1 65.57 30.72 - 371 - -

used (radial
( ) 2 85.67 - 0.97 - 13.35
used (axial) 1 68.65 27.79 2.86 0.7
Total 84.82 6.38 5.1 3.69
R5 (radial)

2 91.4 3 0.17 171 3.72

TABLE 3: Chemical composition (mg/l and wt. %) of fresh and used catalysts, performed by ICPanalysis

Catalyst Amount of elements Fe K Cr Mg Ca Mo
Fresh (mgll) 423.6 55 0.14 9.4 14.8 17.2
(Wt.%) 81.44 10.57 0.02 18 2.84 33
Used (mgll) 450.4 40 0.26 9.4 13 9.3
(wt.%) 86.2 7.65 0.05 18 2.48 1.78
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compared with the used catalyst the high stability of
framework Fe(I11) in R1 towards reduction could be
confirmed by H,-TPR, aspresented in Figure 7 (c).

In the R2 and R4 catal ysts three peaks were ob-
served (Figures8: aand c). Such aprofile, apparently
more complex than typical fresh catayst, reflectsthe
presence of not only thetwo different iron speciesbut
also of other phases, all undergoing reductioninthe
sametemperaturerange, thusleading to aprobable pesk
overlgpping.

In the R3 catalyst the broad peak at 849°C was
associated with the peak observed at 592°C and cor-
respondsto the second reduction step (Fe**—F€°).

For the R2 and R3 catalysts the last peak that is
observed a avery high temperature (about 850 °C) is

1000
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Figure7: Temperature-programmed reduction curvesof the
(@) fresh, (b) used and (c) R1 catalysts

very intenseand should berelated to stableand hardly
reducible Fe* species present in the steam and N,O
regenerated cata ysts.

AlsoasshowninFigures7 and 8 one sharp reduc-
tion peak was observed for al catalysts, revealed that
thereduction of Fe(111) specieswascompleteand ended
with theformation of Fe(0).

Asshowninfigure(8: b) sincethe Fe** speciesare
theactive sitesfor the ethylbenzene dehydrogenation
reaction®?¥, the TPR profiles of R3 catalyst suggest
that catalyst regeneration with N, O feed can delay the
reduction of Fe* speciesand deactivation process dur-
ingthecatalytictest.
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Figure8: Temperature-programmed reduction curvesof the
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TABLE 4: Amountsof hydrogen consumption during H,-TPR measurementsfor catalysts

Catalvst Peak Temperature (°C) Amount of H, Consumption (cc/g) Total
y 1 111 I (less than 400°C) 11 (400-600°C) III (600-1000°C)  (cc/g)
U 276 482 804 0.08 1.56 37.8 39.44
F - 563 710 3.76 13.9 17.66
R1 - 577 775 15 19.7 21.2
507 3.4
R2 - 568 - 0.65 4.05
R3 - 592 849 1.9 4.14 6.04
472 0.19
R4 - 500 823 21 4.2 11.51
R5 - 571 695 7 16 23

Yield / %

20

10

R2

Catalyst

Toluene

RS

Figure9: Yield of styrene, tolueneand benzenefor fresh, used and r egener ated catalystsin dehydr ogenation of ethylbenzene
inthepresenceof steam (H,O/EB=4.4, WHSV=0.9 h*) at 660 °C

Catalytictests

Inorder to investigate the rel ationshi p betweenthe
regenerating gasand activity of regenerated catalysts,
the performance of fresh, used and regenerated cata-
lystsin the ethylbenzene dehydrogenation reactionsis
compared at 660°C with applying a ratio of H,O/
EB=4.4 and WHSV=0.9 h' at the atmospheric pres-
sure. Theresultsof catalytictestsareshownin Figure
9. Through along-term deactivation, used catalyst
showed significant decreaseinthe styreneyidd but the
yield of benzene, whichisan undesired product, in-
creasesand isthe highest for used R2 catalyst. M axi-
mum yield of toluene, asby-product related to R3 cata
lyst asaregenerated catalyst, whichisequal to 23.9%.

Thebest performancewas observed over R5 cata
lyst, whichisan additional feature of regenerate cata-
lyst with N,O. Theseresultsclearly show that regen-
eration with N, O activatestheused catalyst most likely
by formation of Fe* species.

For comparison, the resultsare also included in
TABLEDS5. Thestyrenesdlectivity increasesasthe coke
isremoved, indicating that all regeneration procedures
haveas gnificant effect on thedehydrogenation activity
of theregenerated catalysts. It will beunderstood from
TABLE 5that, used catdyst hashighest conversion but
produces higher amount of benzene and toluene by-
products, which reducethe styreneyield and sel ectiv-
ity. However, it was a so observed that regenerated RS
catdys hasthe highest ethyl benzene conversonamong
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all activated catalystsand activity of fresh catadystisa
little morethan that of this catalyst. The steady state

sdlectivity toward styrenefor the catalystsisintheor-
der of: fresh >R1>R4>R5>R2>R3> used.

TABLE5: Theperformanceof fresh, used and regener ated catalystsfor thedehydrogenation of ethylbenzenein thepresence

of sseam

Catalyst Temperature (°C) WHSV (h*) H,O/EB (cc/cc) Ethylbenzene conversion (%) Styrene selectivity (%)

U 660 0.9 4.4 97.3 59.1
F 660 0.9 4.4 96.5 735
R1 660 0.9 4.4 81.7 67
R2 660 0.9 4.4 89.9 64.2
R3 660 0.9 4.4 78.2 60.7
R4 660 0.9 4.4 79.6 65.4
R5 660 0.9 4.4 94.5 64.4
[2] W.D.Mross; Catal.Rev.Sci.Eng., 25, 591-637
CONCLUSION (1983).
[3] F.Cavani, FTrifiro; Appl.Catal.A, 133, 219-239
(1995).

Thisstudy generally demonstratesanovel process
for regeneration of catalysts used in dehydrogenation
of ethylbenzene. Used catd ystswere activated with oxi-
dantslikeN,O, CO,, air, steam and mixtures of these
components. The catalyst characterization has been
carried out to gaininsght into the catalyst deactivation

N,O was found to be very useful to enhance the
oxidation state of Fe** species, as confirmed by the
XRD and TPR experiments. Furthermore, N,O can
effectively eliminate cokedepositsand increase Fe,0,
crystdlinephase. Itisasofoundthat BET surfacearea,
particlesizeand crystdline phasesof thecatdystsinflu-
enced by regeneration method.

Ethylbenzene dehydrogenation reactionswere car-
ried out at 660°C over various regenerated catalysts.
N, O was demonstrated to be highly active for regen-
eration of used catalyst and the best resultswere ob-
tained over R5 catayst at 660°C with a conversion of
94.5% and styreneyield of 60.9%.
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