CHAPTER II

LITERATURE REVIEW

Oxidation of organic vapor in the presence of solid catalysts has gained

importance as one of the promising methods for organic synthesis and air pollution

synthesis gas conversion! ang itod furiza actions. However, only a few

papers have reported (ki 5ti0n 1 n of atiic acid over supported cobalt

Busca et al. (17920‘L.explored the suaga}ce property of cobalt oxide by mean of

Fourier-transﬂnﬁxﬁeﬁa(mlﬂ WSWEI fﬁ%ﬂ?actrum of Co30y4 i1s
heir ata

observed at 667, 580, and 385 cm . pretreatment showed that the surface

of C after thessli - 'aﬁo ! 17°C, is highly
oxidgﬂlﬁﬁﬁﬁm‘ﬂlﬁur c oﬁﬁ;taga exposed Co”*
cations reacted rapidly with CO, producing Co** and probably Co®. The surface of
Co304 was very active, even with respect to stable molecules such as ammonia and
methanol, which were rapidly decomposed at room temperature. This agreed with the
very high catalytic activity of cobalt oxide towards methanol, ammonia, and

hydrocarbon combustion, and was probably related to the instability of Co®* ions that

tended to be reduced to C02+, or even lower oxidation states.



Okamoto and co-workers (1991) have investigated the effects of the starting
cobalt salt on the cobalt-alumina interaction modes and cobalt dispersion in Co/Al O3
catalysts. The catalysts were characterized by temperature-programmed reduction
(TPR). X-ray photoelectron spectroscopy (XPS). and X-ray diffraction (XRD)
techniques. It was found that the cobalt-alumina interaction modes depended strongly
on the starting salt of cobalt. It v.as demonstrated that CoO/Al,O; catalysts prepared
from cobalt acetate showed higher cobalt dispersion than the catalysts prepared from

conventional cobalt nitrate. Fron E‘T ity of TPR profiles. the total TPR areas

were measured between room 50°C as function of CoO content.
They found that the TP@:}S ] with increasing cobalt oxide
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bruptly raised.

Wang and Ch ) v t i cobalt oxide/alumina with
_ regnation. The reducibility
of cobalt oxide in these ] A - j l R technique. TPR result
indicated that the na ! : I ith"the cobalt loading. For 1.5
wt.%Co/Al,O5, a broa r ( . As cobalt loading was
increased. a H> consumpti T_ e ear at around 500°C and the relative
proportions of this peak incregségz,th_;'r .1_3 alt loading increased. This result clearly
indicated that the u)}lure of cobalt species Vv 6bail loading. In addition.

: ding was increased. For low
rxmaril)as CoAlL,O4. For catalysts
having high cobalt contents, bulk Co;04 was observed. CO hydrogenation activity
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increasing cobalt loading when exp‘r,essed in moles of carbon d10x1de converted per

seconﬂ:ﬁd‘?ﬂﬁ T‘T? mvﬁmjﬁmﬂﬁlﬁ sed on cobalt

metal. there was an optimum activity at ey suggested that

both peaks shifted tofa lower ten

cobalt loading the c@alt phase was

might be due to different causes. First, the introduction of cobalt onto alumina led to
a decrease in the pores of alumina during the preparation process. Second, the
dispersion of the active phase was changed with the cobalt content. Higher cobalt
loading favored large particles gave a low activity when expressed per gram of cobalt

introduced.



Halawy and Mohamed (1993) have studied the thermal decomposition of
ammoniuin heptamolybdate and Co(NO3),.6H,0 mixture by TGA and DTA. Their
results showed that a small amount of cobalt (up to 5% expressed as Co304) did not
alter the way in which ammonium heptamolybdate decomposed. Larger amounts of
cobalt (10-90% as Co304) reduced the number of steps from three to one. XRD
patterms of samples containing high content of cobalt (>50 mol%) gave the typical

XRD pattern of Co304.

Sinha and Shankar (199 ) e oxide catalysts supported on silica
gel for the catalytic combustion p . val of organic pollutants from
effluent streams. total oxidati - ent in lean mixtures. Catalyst
prepared by decomposiii : it bxe te was 1 effective than that catalyst

prepared by decomposi ' 4 \ : epared from cobalt oxalate

deactivations patter: atalys| ending on their method of

preparation. The activi omposition of cobalt oxalate

depended on the decor lemps : he surrounding gases. At low
temperature of decomposition effect of the surrounding gas on
. . . Iﬁ--"— . . .
the activity, but it was substaﬁ%a en high decomposition temperature
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was used. While Catalysts prepared by the : ition of cobalt nitrate did not

respect the decomposition temperature rounding gas. Results of studies
RD. an@(PS techniques.

Kang ﬂ‘w (Tjéw ﬁew%wﬂqﬂac and basic.additve

enhanced the c¢arbon monoxide oxidation, but acid additives decreased oxidation. On
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conversio

Pepe and Occhiuzzi (1994) studied the spinel solid solutions of
CoxMgAlL,O4 with x = 0-1 as catalysts for CO oxidation by molecular O,. The
catalytic activity for carbon monoxide oxidation was investigated in the 170-470°C
temperature range on the solid solution. The catalytic activity increased with

increasing cobalt contents. The activity per ion (turnover frequency) was fairly



constant over the whole range of cobalt contents. It was inferred that each Co*" ion

was active irrespective of its concentration and configuration (isolated, in clusters).

Sewell er al. (1996) studied a combined TPR/TPO technique for
characterization of supported cobalt catalysts. The results showed that the extent of
meral reduction following hydrogen reduction at 500°C is affected considerably by
the type of metal carrier. In particular. the extent of metal reduction decreased with

increasing aluminium content of thi material. Decreasing extents of metal

in the temperature required for

T.l;{. :Ié‘g the time and temperature of

ed ext ( duction.

reduction could be correlat
reduction of the nitrate

hydrogen reduction re

Drago and co 97) C tic decomposition of N,O
using metal oxides su fifican siu e, and calcium oxide. CoO
was more active tha £50: whe lica. A conversion of 95%
! 0°C. and 50.000 ppm feed

. a much more active catalyst

was achieved using
N,O. They found that
using this catalyst at 40.000

h'GHSV. 500°C and 1000(29@\[ feed." This was a significant improvement

1vity of this catalyst was

sver any catalystl.,?:‘}rrently in the li
decreased by calcindtion at 1.0C ) studies revealed that higher
calcination temperaum led to an inactive crystalline! hase. The active catalyst
displayed a less crystallingsphase involvingegthe support and metal oxide. Other oxide
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@Wrﬁ]ﬁlﬁ(nﬁigﬁtiﬁ%lﬁ]&?w Bﬂlﬁw f diesel soot
particles on Co/MgO (12wt%Co) and potassium-promoted Co/MgO (1.5wt%K)
catalysts that were calcined at different temperatures in the 300 to 700°C range. The
results of characterization and catalytic activity show a’correlation between the
structure of the catalyst and the calcination temperature. While the samples calcined
at temperature of 300 and 400°C show catalytic activity for soot combustion. those
calcined at 500°C or higher are practically in active. The TPR, ESR and XRD results

indicated that this is due to the formation of Mg-Co mixed oxide. The promotion of



these solids with potassium not only increases the sample activity. probably due to the

important in surface mobility. but also enhanced stability at high temperatures.

Szalowski e al. (1998) studied a cobalt oxide catalyst for ammonia oxidation.
[ts active compound was Co30y. It has been found that much less nitrous oxide was

produced in ammonia oxidation on this catalyst than on platinum. The microstructure

of the cobalt catalysts. and especially the presence of mesopores of diameter <0.1 um

i) electivity and on the stability of these
properties. In the macrostructure of d stable catalysts the share of the

'\5
S 5 ore volume amounts from some

have an essential effect on their ac

- mesopores <0.1 pm is ex

tens to a hundred and

Youngwanishs roperty of the Co-Mg-O
catalyst in the oxidatio -propanol. and CO. It was
found that the oxidatio  ofl CokMg- ‘ alyst depends upon the type of
reactants. For 1-propanol oxidati . ‘ emperature and low 1-propanol
conversion Co-Mg-O ¢ » talyst. While at high reaction
temperature it plays role a e cobalt composition in Co-Mg-
O catalyst affected the catal

et ,—'f}

Co-Mg-O (8wt%C0)jcatalyst was the SM propane oxidation because

d. selectivity for propane oxidation.

Klttlkeldkulcha1‘(1999) mvestlgateUhe oxidation property of the Co/MgO

(8Wt%Co) aﬂ%@%%%ﬁ%ﬂﬂgﬂx%mdanon reaction of

methanol. ethaiiol, 1-propanol, 2- pro anol, and 1-butanol as test reactions. The nature
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formation for the oxidation of the ethanol and 1-propanol while the acidic supports

promoted the formation of alkene instead.

Miro ef al. (1999) studied the catalytic combustion of diesel soot over 12%Co
and 4.5%K. supported on MgO and CeO, catalysts. It has been found that this

reaction occurred by a redox mechanism when Co and K were deposited on any of the
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above-mentioned supports. On MgO-supported catalysts, CoO, species were
responsible for the supply of oxygen by a redox reaction. In this catalyst, K plays
different roles. one of them being the stabilization of the CoOy particles. XPS
analvsis indicated that the oxygen availability on the surface is much higher on CeO»

than on MgO.

Ruckenstein and Wang (2000) investigated the effect of calcination conditions

ehavior of the Co/MgO catalysts. As

observed by TPR and XRD.results. rs affect the structural and chemical
properties of the MgO-supported e structural changes are mainly

induced by the tendency.de-fromi-a lutionsbetween CoO and MgO. The extent

solution catalysts (CoMgO) hw% - using urea combustion methods, and

.ui‘,p“'r‘ pr e
characterized bykr)glay dlﬁ’ractlon 3 an (LR). The catalytic

activities for methafie con '-gf inuous flow microreactor.
vity ﬁ the cobalt-magnesium oxide
solid solution catalysts‘ The catalysts con@ing 5 and 10% Co have the lowest light-

off temperaﬂeu ﬁtﬂeﬂrﬂ;m Whﬂﬂ:ﬂ 6§' of cobalt-magnesium

oxide solid sé@lution catalysts, hlgher urea to metal ratio favors the formation of the
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nitrate depressed the formation of the cobalt-magnesium oxide solid solution and
decreased the activity of the catalysts for methane combustion.  The cobalt
magnesium oxide solid solution catalysts are very stable when the calcination or
reaction temperature is no more than 900°C. However, the catalytic activity
decreases rapidly after high temperature (>1000°C) calcination, possibly due to

sintering of the catalyst and thus decrease of the surface area.
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Ruckenstein and Wang (2001) studied the combined catalytic partial oxidation
and CO; reforming of methane over the reduced Co/MgO, Co/CaQ, and Co/SiO2
catalysts. Only Co/MgO has proved to be a highly efficient and stable catalyst. It
provided about 94-95% yields to H, and CO at the high space velocity of 105 000 ml
g'lh" and for feed ratios CH4/CO,/O, = 4/2/1, without any deactivation for a period of
study of 110 h. In contrast. the reduced Co/CaO and Co/SiO, provided no activity for

the formation of H, and CO.

In the previous rescaiehe ¢ many. works about cobalt oxide for the
combustion of methane_amn and diesel ¢ 0ot. ] -._ ever, there are a few studies
about supported cobalt gatalySts'g helcombus 7anic acids. Since MgO is
not a too strong basic miects ¢ 16 adsorbed ¢z dioxide to form carbonate
compound and it is § p 02 hec rganic acid. it is used as basic metal
oxide for cobalt oxide_aci ok & ¥ rganic acids combustion catalyst.

In this study. the oxid g-O/AL, O3 catalyst on phthalic

anhydride and maleic anhydridé-are stud: oreover, the effects of cobalt and
magnesium loadir a" idation pro Mg /A1203 catalyst are also
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investigated. \7
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