CHAPTER II
LITERATURE REVIEWS

Deactivation, due to coke formation, is a complex process. There are

many works in the literature dealipg with the chemistry and kinetics of catalyst
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deactivation by carbon dc ' '1.II | ere are not many relating to the

structure of carbon de SO G N ﬁ}n be obtained with various
spectroscopic techniq et iy
swghemical and chromatographic

med oxidation (TPO) are
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graphitized. Analyticg '
analyses of extractec
also helpful. Re#Cargy F 50 , ne the structure of coke
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In this section, #Hc fal aSa f RdPapers devoted directly to the

analysis of coke deposi#on f"-" - Mroscopic technique. However,

the others points which rels giques are also mentioned so that

-—' ’-—".;-'*W

all information c{GA4ANTNBIIEaNIISAINGISORENNIEL£1ih o subjects concerned in
R ! gfi A
this thesis. £
Eberly et al.[¥] studied the structure of coké*eposited on silica-alumina

cracking ca ﬁﬁ m were prepared from
catalytic crﬁxﬁ “ﬁﬁ iﬁﬁ study the effect of
different types of feeds to the stelicture of coleg deposit. Theeoke depns:t
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examiffation. The IR spectrum of fresh silica-alumina catalyst represented a
broad absorption band centering around 3500 em™ which was due to stretch
vibration in hydrogen-bonded OH groups on the fresh catalyst surface and in the
adsorbed water. A strong band also appeared at 1640 cm™ which was due to a

hydrogen-oxygen vibration in the adsorbed water. The strong IR absorption
bands below 1200 em™ were due to Si-O (1170 cm™) and Al-O (1080 cm™)



linkages. For the IR spectrum of coked catalyst, aromatic C-H absorption was
observed at 3050 cm™', methylene groups were seen at 2930 and 2860 cm™'.
A relatively intense band at 1580 to 1590 ecm™' indicated the characteristic of
aromatic skeletal vibration. The aromatic bands were fairly strong in
comparison with the combined intensities in the C-H stretch region (2800-

3100 ecm™). From this evidence, this paper pointed out that the coke deposit

coke by estimation —io l@t 3050 em™ to absorbance at
2930 cm™. The re

hydrocarbon obtaiwe®

-“- “"‘3\\ nded to some extent on the

s used in this paper. The

coke obtained frong#ac . ningl B was decided to have more

The infrared gfcq % p Pt/Al;O3 and Pt-Re/Al,O;
catalysts from the exp iy i | %hens [9] were obtained under
in-situ decomposition ol : ' igillficant aspects of the assignment
related to the carbon- ox}rge f:% Finds of the 1570 and 1450 cm™' were
observed from ce, ed g e %o carbon. These bands were
attributed to the ;';ﬁ 7 .d gen stretching vibrations

of the carboxylate 3 .- - TWected to have an aromatic

content and the ca -- -carbon stretchmg v:bratmns of aromatic rings also
produced b m i of carboxylate from
hydrocarbomuﬂa ﬂ»ﬂ uﬂmg and they proved that
formation_of carboxylate w ributed_té=a cfion involving
et VNPT (b}

Lange et al.[10],using infrared and “C-NMR studies, provided evidence
for successive steps in coke formation upon reaction of ethene over the zeolite
hydrogen mordenite. The discussion here emphasizes only on infrared
analysis. The spectra were obtained by in-situ IR system under non-isothermal

conditions. At room temperature, ethene polymerized giving raised to



paraffiniclR bands which appeared between 2800 and 3000 cm™' and
between1350 and 1470 cm™'. The presence of branch alkanes were evidenced by
the doublet at 1368 and 1382 cm™ ,ascribable to a deformation mode of
isopropyric or tert.butylic CH3 groups. Above 500 K, the high-temperature coke;
which Lange et al. examined in their past work and defined as highly
unsaturated radical species that was characteristic of carbonaceous matter,
he so-called coke band around 1600
een 2800 and 3000 cm™. The
coke band might be 1 T— of § @mr aromatics. Upon further

®and intensified and a band

as®bed to allkylnaphthalenes.
However, it might 4 res. At 427°C, only traces
of alkanes were dgf : similar under isothermal
condition. During 2, ff Ay, TEORAN - oke at 300°C on the same
catalyst, an occurre ve y P T R db _\'a bands could be observed
between 1350 and 1580 (- AR soflk 20 to 30 minutes delay did the
IR bands of high-tempe atut o irst at 1600 cm™ and subsequently

around 1540 r.:m".

Among th) }‘[ emperature-programmed
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oxidation is comma? mits on the location of coke

on reforming r:.atal}' . However, the question of how far from a given particle
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electm microscopy (TEM) and by electron energy loss spectroscopy (EELS)
associated with high resolution scanning transmission g electron microscopy.
The TEM investigation showed patches of amorphous coke covering the
support surrounding each metal particle. The EELS was substantiated showing

that the coke coverage could extend as far as 20 nm. from a given particle.

From a comparison of EELS peak -with reference compounds (graphite,



coronene, and pentacene), it was concluded that the local structure of coke was
not graphitic or pregraphitic but might consist in a disordered arrangement of

polyaromatic molecules.

The coke remaining after partial burning of coke deposits during the
commercial Pt-Re/Al;O; catalyst obtained from a commercial reforming
operation with accumulated carbojy '

3.2 wi.% from 6 months of operation were
studied by Pieck et al [12]_ RSN IF A #uires were 350°C to 650°C, and the

appearing between |48 48 S8 LU hal coke as well as partially
burnt sample could™0e 48 e C=C bond belonging to
at about 1400 cm™ could

W or C-(CH3); groups. The

olefins, aromatic rj

be ascribed to the C

absorption peak at abo Mstretching of the CH group in

the aromatic plane. Thypa ,.r ' presented an absorption peak
approximately at 1715 em’ 5 C=0 and another peak at 1100 cm’
which could be dug to@ ol ingthe range 3400-3600 cm™'
also appeared, wil" —_7_.*:6[ t did not absorb during

these regions.
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Work by Marche et al.[13], d ined the structure of the 6.7 wt.%

of coke depﬂr%ﬂu@ ?‘1' ﬁaﬁﬁ% ﬂ!}uﬁ qurmmg process, their

locations, théjreatment to mmnw: them, and the structure of the metal phase

m deposits with
grapﬁm’m mm’m bla i v aﬂ spectroscopy
of the coke catalyst reactwated by oxidation at increasing temperature showed
the band at 1700-1100 em™ which disappeared by oxidation were certainly
associated with coke. In particular, two correlated bands at 1580 and 1470 cm

were due to the asymmetric and symmetric stretching vibrations of carboxylate

groups, while the other components were due to deformation modes of residual



CH groups as found in carbonaceous deposits with high H/C ratio. Noticeably,
bands in this region were also attributed to carbon-carbon stretching vibrations
in distorted graphitic structure in dust carbon particles and in soccerball

structures ( Cgo , fullerene-like molecules).

From the work of Royo et al.[14], they explained coke deposits analysis

in one part using FT-IR. Catalystaoking was achieved in the dehydrogenation

of butene to butadiene ovegsd Sy Q- catalyst, at temperatures ranging
2 Aﬂ were prepared into disks with
— ul we *-.L_-;_:.; d in aromatic C=C stretching
zone (1630-1500 cm ") 2 ipRain e H“'! ding region {145ﬂ 1300 cm™ ).
Aliphatic structure wig ' LY e, 1400 cm” ! rather than in the
2900 cm™ zone, d¢ Vo s : -. 1 cture at 3450 em™. The
ted a band in 1570-1520

A\
\\‘ \as been assigned to stretch

, ~ As coked catalyst temperature

em™' zone and the b

vibrations of the doub!,

in dehydrogenation of buf#ne :-.ﬁ!,:i,_- s nciglised to 530°C (1.7wt.% carbon),
there was a marked increast ,_.._:: i~ band , which could be attributed

he ) uctures. A new band around

to the deposition g
1590 em™ eeuld. : _.‘:i{ ¢ and highly conjugated
structures. [t cﬂule . safiple at 480°C due to its low

coke content. As the eekmg temperature increased frem 530°C to 580°C, the
band at 163 reased which could
be interpret qmmam?ﬂm coked catalysts with
reaction temperature, The bands®t 1 rresponded to
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eenten of the sample at 480°C. The absorbance continued to increase in the
coke sample at 530°C ( 1.7 wt.% of carbon ) and then decreased for the sample
at 580°C, due to the more dehydrogenated coke obtained at this higher
temperature. This suggested that aliphatic CHj structures presented in the coke
deposits, possibly attached to aromatic structures, and they tended to disappear

during the dehydrogenation process which took place at long reaction times.



2.2 Some comments on the previous work .

From all of the above review, the IR spectroscopic technique has proved
to be useful in defining the structure of coke deposits. The IR absorption band
in the region 1000-2000 cm™ has been frequently considered in the IR
examination of coked -catalysts. The characterization of carbonaceous

compounds mostly attends for coked catalyst reacted in a long time on stream.

Furthermore, the examinatiphe}’
carbon species which w "-':; 0 by ¢ away the metal and support.
This seems to cause THe—m—=, 5 S ™ho0t the structure of extracted
coke is affected by the / : \4‘ dissolution. In the case of
metal/ alumina suppog \eMéew papers related in the IR
characterization o - . catalyst. However, the
v ‘ Wi coke deposited on metal/
83uds in the region 1000-2000

Wto two different aspects. The

assignment of the

alumina support cata

em™ according to the

first aspect suggested th, Nregion of 1400-1600 cm™' were

due to the carbon-oxygen “-a-- flations of the carboxylate groups.
Whereas the secogd as ‘ oricd Bpbands in the region of 1400-
1600 cm™ wer' == eser I\:"’ aromatic structure and

methyl/methylene 'i up ! r-- of carbon-oxygen species

in coke deposits W s rmt anticipated because m e deposition involved in
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review wh:ch has not been attempted that is investigation of carbon deposited

should ascribe the

elated in hydrocarbon

on metal/ alumina support catalyst, especially in the initial stage of reaction
without separation from catalyst. In this thesis, the IR absorption bands of
coked catalyst are considered in the region of 1000-2000 c¢cm™', and the
discussions of IR spectra of carbon deposits in this region deal with the species

in hydrocarbon compounds in respect to the second aspect as previously stated.
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