CHAPTER V
RESULTS AND DISCUSSION

In this chapter, the experimental results are analyzed. The IR spectra of
oxide support sample at different temperature are reported in section 5.1.

Following by the IR examination g§ fresh Pt-Sn/y-Al,0; catalyst as exhibit in

Wi/

section 5.2. Finally, dete catalyst from a sequence of time on

stream by IR spectrosca -,_ﬁ___‘ action 5.3.
.- _ —

Pt-SnfT:Ale Walyst is a selected model to

study deposited cart®] shnique in this research as

this catalyst is on; tigated in many aspects.

Several detailed in st have been reported,

however, the mechayny TAS, Whclear. It is important to

understand how carbon j ' Ka alyst surface. In respect to

the structure of cok&l technique can provide a

significant insight into The \EEE=stE s Of adsorbed species on catalyst

surface.

To study ré"—————'——l:’ lyst by IR spectroscopy

technique is not a | mess of a pure component.

This is a complex s tem formed by two major components. Coke is an organic
compound ﬁn lyst surface which is
an ihﬂrgmﬁoﬁﬂn EEJ II? ngnerated from oxide
supp rface nherent licated for IR
chmﬁﬁﬁna ﬁ ﬁ] }iﬁlﬂﬁ giﬁ ﬁrﬂ jﬁ ion 400-1000

em’ and 2000-4000 cm™',see figure 5.1. The surface hydroxyl group of y-Al, O3

is responsible for the IR absorption bands in region 22500 cm™ [7]. In addition,
the very strong Al-O stretching band of y-Al,O; may cause a very low IR
transmittance in the region below 1000 cm™ [21], thus it is also taken into the

noisy signal. Since the signal in these regions always noisy, in this thesis the
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discussion will not concentrated on them anymore. The attention is then focus
in the range of 1000-2000 cm™ where many organic compounds, including CO;
and surface wa-lt&r, adsorbed IR in this region. Strong bands in the 1000-2000
cm”' region provide a complex background spectrum which makes it difficult to
see or measure small band arising from adsorbed molecules or surface groups of

the catalyst [3]. Hence the IR technique is needed to be developed to obtain

reasonable good resolve coked w8 § & frgctra in interested region.

research, because (h ' e "‘\ up moisture during the
analysis, and once #ic < Hrai8ol W pcWith alkali halide, it cannot

subjected to further,

For these rey method is applied in this

work. With this meth catalyst is able to be treated

by increasing temperatugi % ‘4‘-_:-;"?" gat@ithe interference of IR spectrum
from adsorbed CO; or adsnr = g experiment was operated by in-situ
IR as mentioned [7¥q all 1l 7 frl 0O; as a base or support

of coked specic§ 2§ Y Jo subject consider the

experimental treat ‘: it effecte WL Lra.

i¥

5.1 IR sp i fferent temperature

Flquﬂlﬂ mnﬂnﬁlnmnanpemtme in air, one
major bro is seen betwefn 1640-1658m™. ing with N, the
B AN Qb Yk 3 ) A BV e vsme
hcatina to elevated temperature can remove the adsorbed species which belong
to this peak even more as indicate from a decrease in intensity of this peak
(figure5.4). The disappearance of some peaks observed is expected to be the

desorption of some species. The IR spectroscopic investigation of y-Al,O3 by
Hair [S]reported that the IR absorption band in the region 1650 em’ is due to a

T 12973841
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hydrogen-oxygen band vibration of adsorbed water molecules. The work of
Perkyns [22] has shown that the band at 1640 cm™ usually exist on the surface
of y-Al,03 at room temperature was produced by CO;, adsorbed on alumina
which was attributed to carbonate surface structure. A recent paper [7] reported
that the ambient temperature adsorption of CO; on y-Al,O; had IR absorption
band at 1650 cm™.

Accordingly, the absgatiom b "4 region 1640-1650 cm™' should be
attributed to hydroxyl romme
of CO; adsorbed on 1&g

nearly completely rgu

his adsorbed species were
saimple temperature to 200°C
as illustrate in figug t, it is supposed to be the
base ( or background 4

interested adsorbed spe

st which will generate many
. By this way, after the
proper process of tratm i\ \ the interference bands can be
eliminated and leave (#€ & RO enough for the possibility to
7 While increasing the sample
d 400°C as shown in figures 5.6 ,
and 5.7 ,there ig 2 OIS L spectra with spectrum at
200°C. This den’ed dher than 200°C does not

alter IR absarptmn ,. tern 1n U

Fimﬂﬁ Ej i«/ ﬁ ’i erature in N, atmosphere
is the last stht lﬂ ﬁ ﬁ m e spectrum collected
at this mndltmn was shown in figure 5.8. It ggn be seen thagthe feature of this

QAR TRUAI IR G B < e

tempe ture. Tl'us can point out that when the adsorbed species of interference

study adsorbed species#o

temperature higher than ’_;j' e

bands were desorhed and displaced from sample surface, it could not able to

readsorb once again in this experimental condition.
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Figure 5.2 IR spectrum of y-Al,0; at room temperature in ambient air,
region 1000 - 2000 cm™
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Figure 5.6 IR spectrum of y-Al,0; at 300°C in N; atmosphere

1000



3
2
2000 lzlﬂﬂ 1000
Figure 5.7 \ » 1 N atmosphere
‘V;-, ,'"-:J
% | | ¢ o v ”
: AUBINENINEING
< : € o v
IUARTIINYIA
2000 | EI'UU lﬁlﬂﬂ l4lﬂﬂ 1 le'}ﬂ 1000

Wavenumber (cm™)

Figure 5.8 IR spectrum of y-Al;O; cooled down to room temperature in N>
atmosphere
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5.2 IR spectra of fresh Pt-Sn/y-Al,O; catalyst

Most of IR absorption bands of inorganic compounds involved in the
fresh Pt-Sn/y-Al,O; catalyst are localized in the range out of 1000-2000 cm™,
They usually give rise in the IR absorption bands lower than interval of mid-

infrared (400-4000 cm™') such as PtF  yibration appears in region 180-190 em”,

IR absorption bands in_ris ¢ 3], Therefore, in the range of
e ~-._E put any difference noticed
between the spectrum o NS TP t-Snf’r—Alzﬂg catalyst .

The overall b 4 IR == 0 Mgk, Pt-Sn/y-Al,O; catalyst is

comparable to those s f oo ' .9-5.10 give IR spectra of
fresh catalyst in aif Fro (- iy ESApd™n Ny atmosphere at room

temperature. Again, Mt -@- i \ , some adsorbed species
W37 @ which can be noted from a
§40-1650 cm™' band.

related to CO; and adj

decrease in the peak heig$#

Increasing the sa o 200°C is considered since this
temperature is agEeieCuSSEES :'_;n v-Al,03 spectrum in
: L}

which it exhibited 4 Lppropriate to accept the

spectrum at this te | srature as a base spectrum to sd¥mpare the difference with

coked cataly rfinés The spectr@d of fresh catalyst at 200°C in N,
atmosphere ﬁfﬁz’ ’2 m\&' We smv&l ’]ﬂﬁwuh the absence of
interference b 1ds.

m'm DI URIIBHVAL: v e

catalys in N; atmosphere after heating can insist that the readsorption of

removed species cannot be detected in this process.
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Figure 5.10 IR spectrum of fresh Pt-Sn/y-Al,Oj; catalyst at room temperature in

N, atmosphere
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Figure 5.12 IR spectrum of fresh Pt-Sn/y-Al,05 catalyst at 200°C in N, atmosphere
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5.3 Determination of coked catalysts by infrared spectroscopy

Since the aim of this study is to develop an IR spectroscopy technique
which can be used to characterize adsorbed species of coked catalysts
specificialy in the earlier coking period, and if possible identify the structure of

employed in this study are collected from
It ]

coke. Therefore the coked catalys

2min,5min,10min,30min, L hr,2& stream. The coked catalysts were

prepared by dehydrogers propylene at the reaction
temperature of 600°C i n the experimental section.

The coked catalysts

5.3.1 IR spectra of col g

The evaluation 4 : " Wl coked catalyst in case of
this research, 2 miii. oy & 8 A g % bCginning of initial coked
catalyst. This depedfs \-.-I‘: rating system of reaction
apparatus available. #n, |\ n content in initial coked
catalyst is comparatively I8 of catalyst that coke occupied.
Therefore,to obtain enough.— 4 g a low carbon content of coked
catalyst in order [(ddg A% absorption bands, the

sample disks of wdt B Ahin. on stream) to be

performed in-situ J preparcd fronrHIc. origina , ioked catalyst as directly
taken from coking reatign without dilgtion with y-Al;0;. The essential of

coked catalyﬂ u &"] ﬂﬂw@w H’}ﬂdseith y-ALO; for IR

analysis has b discussed briefly in the expenmental sectmn

B PIATUHARIII AR o

at roorﬂ temperature. The whole range in this spectrum is superimposed by
several adsorbed species which difficult to distinguish between the bands of
interest and the bands of interference, otherwise two prominent though broad
bands can be observed. The stronger one located in between 1640-1650 em”,
and the smaller one gives the broad band slopes downward near region
1400-1420 cm™.
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The following state of treatment is purging sample with N, ultra high
purity grade,99.999%. It is important to keep coked catalyst samples in inert
atmosphere during the course of analysis so as to avoid combustion of coke in

present of O, which generally exists in the ambient atmosphere.

Figure 5.17 shows the spectrum of coked Pt-Sn/y-Al,0; catalyst (2 min.

on stream) in N; at room temperaly The spectrum becomes to give 3 main

bands. The combination of S 4s locate in region 1640-1650 cm”
and 1580-1590 cm’'. -

region 1460 cm™.

from those two bands in
= temperature to 200°C in
correspondence with ssestrum of y-Al;0; and fresh
catalyst, the CO, g Fhad a B0, cm”' disappear which is
consistent with the < ) . "‘In _-,' and fresh catalyst. In
contrast, the bands# i % = AT AT ' \ ' ensified (see figure 5.19).
The IR spectra for {4 Wl sts by raising the sample
temperature to 300°C 4 cooling the samples to room
temperature in N, atmoyj Mfigures 5.20-5.22 respectively.

The overall pattern of these A7 /w

oy

imilar to spectrum at 200°C. This

suggests that heatiily s

affect the pattern )

ghgl down process does not
A dis result is in agreement

with those of y-Al0) i and 1 etorelthe spectra at 300°C,400°C,

¥

and cool down in N agmaosphere for cokgg catalysts at the other times on stream
. %ﬂ@%ﬂ'ﬂ FIBIAFG: oot i e
subsequent pdH

PRGN FAUN AR o e o

fundanfental of deposited carbon which constructed from various groups of
hydrocarbon compound. Consequently, the characteristic group frequencies of
hydrocarbon at 1580 cm™ is C=C stretching in aromatic ring [18,19], and the
band at 1460 cm™ is associated with methyl or methylene bending [18,19].
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Figure 5.17 IR spectrum of 2 min.coked catalyst at room temperature in N, atmosphere
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Figure 5.19 IR spectrum of 2 min.coked catalyst at 200°C in N; atmosphere
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5.3.2 IR spectra of coked catalyst, Smin. and 10 min. on stream

IR spectra of Smin. coked catalyst at room temperature in ambient air and
in N; atmosphere are given in figures 5.23and 5.24, respectively. Certainly,
most deposited carbon bands obscured by adsorbed water and CO; in every

samples at ambient air are more visible after the progressive heating in N

atmosphere as already descibBNUIFS # at 100°C in figure 5.25). The
discussion for every cok e A s then targeted toward coked

catalysts heated to 200W—_—_——= = being discussed in y-AlLO;

Figure 5.26 is ry, ; Medvcatalyst heated at 200°C.
In this spectrum, ‘ Setected at  approximately
1590,1560,1490, )

1600 cm™ are very s

gaii®s in the region of 1500-
ire \k W atic systems [18,19]. The
in-plane bending vibigflogf 05w~ @@b0n Wydlogen bonds of methyl or
T 470 cm™ [18,19]. Thus, this

mions, suggesting the presence of

methylene groups occur §

spectrum indicates absor tl ] AT

aromatic ring and Mse This molecule which are

already found in tig78 Y )

Compare wit J the spectruni G in. cokedlkatalyst, the spectrum of

Smin. coked catalyst®skaws slightly tpaver ratio of methyl/methylene per

womai s b Y PV b RS b ine

For IR spectrum of 10 mifi. coked cafedyst, the indivgdnal spectrum of
%) RAGI FEHHIA Y TIIEIARB s o
reprcse t in figures 5.27-5.30. This evidence indicates that there is so little
modification in the structure of coked catalyst for the reaction time in the period

of 5min.- 10 min.
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Figure 5.24 IR spectrum of 5 min.coked catalyst at room temperature in N atmosphere
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Figure 5.26 IR spectrum of 5 min.coked catalyst at 200°C in N, atmosphere
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Figure 5.30 IR spectrum of 10 min.coked catalyst at 200°C in N, atmosphere
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5.3.3 IR spectra of coked catalyst, 30 min. on stream and longer.

In analyzing the spectrum of 30 min. coked catalyst heated to 200°C

(figure 5.34), the most intense band is at 1590 cm™,

This absorption region
again confirms the identification of aromatic ring bending vibration. It is

interesting to note that, as the reaction time proceeds to 30 min., there is an

important decrease of methyl ot \g groups which locate near 1460 cm™.
- A v

This can be interpreted as aWSSSII Mecreasing of methyl or methylene
structures during the de A, tiog préees e |, takes place at long reaction

time.

The spectraC reaction time ( lhr,2hr,
and 4hr) are illustefCd 8 §55 &R _ vectra obtain from these
samples are similai g 4 . 1. JODRY st. Only aromatic ring
structure can be identjffedl e a% %00 time the more complicate
the spectrum. The spe - %% catalyst shows several new
absorption peaks whicii, J#hi I.:‘l‘.h n-::- > identified. One hypothesis is

Vaodanid, - 2
they may caused by the orm
L M)A

@ lyammatic rings or more complex
substitution groups whig
1400-1600 cm™ 3
study in detail.

of argmatic ring in the region

o bthesis, it needs further

af g ¥

From this rese%rch we may be ahle to roughly divide period of coke
formation i period is the period
at which m;ﬂlﬂ:gaylene gmups ex?m a sngr:IcTTt amount when compare
to ar w w structure is
damlngﬁﬂﬁmNﬁﬁ ?j’ﬁ
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IR spectrum of 30 min.coked catalyst at room temperature in N, atmosphere
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Figure 5.34 IR spectrum of 30 min.coked catalyst at 200°C in N, atmosphere
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Figure 5.36 IR spectrum of 1 hr.coked catalyst at room temperature in N; atmosphere
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Figure 5.38 IR spectrum of 1 hr.coked catalyst at 200°C in N, atmosphere
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Figure 5.40 IR spectrum of 2 hr.coked catalyst at room temperature in N, atmosphere
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Figure 5.42 IR spectrum of 2 hr.coked catalyst at 200°C in N, atmosphere
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Figure 5.44 IR spectrum of 4 hr.coked catalyst at room temperature in N, atmosphere
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Figure 5.46 IR spectrum of 4 hr.coked catalyst at 200°C in N, atmosphere
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