CHAPTER V

RESULTS AND DISCUSSION

W

xp ‘mfilt ﬂarc analysed. The effects of

in section 5.1. The effects of

In this chapter,

ie deh d ogenation catalyst decreases
with time on stream due to the _' by coking. Figure 5.1 presents the
monitoring of Pt-Sn/Al st activity on propane dehydrogenation which
is carried out unc s S SR 1. osphenc pressure. No
hydrogen exists in the - imize the parameters for a

reaction proceeding. rom the result, Pt- Sn.r'A.l;D3 cat&lyst has very high initial
activity follo ?tw:ty sharply drops.
After 40 m:ﬂumﬂ‘ﬂﬂ?smqﬂﬂw surprisingly being
always ﬁ dg sé/ dually, it has
TSR TN



Cnnvnrllm-n '(%)

2 8 a8 5SS %

ﬂum‘nmw El’]ﬂ‘i
Fms:rm&m&aﬂﬂﬁm“ﬂ&nmmﬂmm

reaction alﬁﬂﬂFC,H;"HC-—'ﬂ GHSV = 225T0/hr

0§



51

According to the aims of this work, the deposited coke is the object of
considerable material to be characterized for more understanding of the coke
nature in order to find a way to reduce coke deposition. Prior to analysis,
coked catalysts are usually prepared by propane dehydrogenation reaction. The
feed stream is 20% propane-nitrogen mixture flowing through a catalyst bed at

30 cc/min. The coking conditio 600°C at atmospheric pressure and

22570/hr gas hourly space velocity ( No hydrogen exists in the feed

stream. Three hour coked.sample was TPO technique.

method to determine ntaining in a sample by
measuring the amount In order to determine the
carbon weight , the cal ide is required as shown in
the appendix A. It is expressed.in am of carbon or percent of
carbon in a sample “as/ requirenien Temperature-Programmed

%

Figure 5.2 ge" t -oxidation zones. The first

peak locates at about 4BG“C and the second is at about 550°C. It has been
shown that ( to coke deposit on
metal sites aﬂwﬂﬁ?}ﬂﬂﬁwﬂizlg on acidic sites. In
conclu i ﬁ{ region. The
summa?%\m ﬁﬁﬁpﬁmﬂ%j ﬁlﬂj :Elzly 596 mg

carbon or 6.62 wt.% carbon based on 90 mg of coked catalyst sample.
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5.1 Effect of Sample Weight on TPO Spectrum

5.1.1 Coked catalyst

Varying the sample weight on TPO technique was carried out so as to
study its role on the mnﬂ:t\ustu:nu~ haracteristics of coked catalyst samples. For
coked Pt-Sn/Al;0; catalys &inﬂuencﬁ on TPO spectrum is
r&hc results were obtained from

T——
AL s a/large amountof carbon in this study. The

clearly observed as dem ated in 53

normal sample sizes, § que did not achieve the actual

combustible temperai . Thus, a smaller sample
coked catalyst allows a good
resolution of the two peals: .06 h s, ound 500°C and the other is
around 550°C. The estimated 1 " mount of carbon of both samples are
g or 9.9 wt.%carbon for 90 mg and
35 mg coked catalyst, resp : is nearly equal. However, the

combustible pmpe{ﬂas; i  coked Catalyst are considered to be the

highest temperaturg fo-the-studsy

The study has s?uwn the ]:mltatmn of TPO technique which depends

e e g O VY SN e ke i

in samples sh account for t e mterpretauon of TPO results
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5.1.2 Coke from catalyst digestion

In this section, coke was separated from coked catalyst sample by metal
and support digestion. In figure 5.4 the coke samples from catalyst digestion
are divided into three different sample weight, 2.9 ,5.1 and 8.7 mg of coke

samples. From the results, all _‘ D curves show the similarly combustion

pattern. One peak was observe Vihiec samples and it was found that the
peaks located at nearly -ﬁrﬁus“c and 608°C for 2.9, 5.1
and 8.7 mg of coke sau A " hi sample weight is used, it

certainly will not cou ort time. The proper sample
PO spectrum. This result
indicates that in ord imized the role of sample weight on TPO
spectrum the amount of sar I [ ; ot too h, e.g. less than 10 mg in
this case. However, foo gmall sai yle w vill cause difficulty in handling.
' ‘u?ﬁjj;‘ =
In figure 5.5 the 1nit -:=". e combustion is illustrated. The

figure shows that the t same patterns of combustion

L r_
h r ] :-:___ e o
characteristic on ‘,{ % so observed at 380°C.

Then, carbon dioxid for all three samples.

Unfortunately, no adeq}mte exper:mentai data are abtamed to interprete more
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5.2 Effect of Metal and Support on Coke Combustion

Refer to Atchara (1995) and the other workers, they have never
mentioned about coke combustion system without metal and support presence.

The kinetic parameters of coked combustion approximated by Atchara (1995)

did not expressed clearly the detail afimechanism on coke combustion.
2
A

In case of metal a d&ap it is of interest to investigate
“——

»{.coke samples.by means of TPO technique.

Two coke samples argeprepared ways. One is coked catalyst

and the other is cole" frofm/ gaf yst .In figure 5.6, comparison

"3 240

temperature coke is observéd on'the cokesample from catalyst digestion. On
the other hand, two types of #@éﬁe

It means that the two peaks“ﬁﬁgé'iie‘f ¢ cause etal and support. It is

coke combustion by ?r asing coke €4 contacted to oxygen and Pt

may catalyze the oxidation. The starting point of carbon dioxide production

can reasnnah]ﬂoﬂﬂﬁﬁﬂnﬁwmﬂﬁhr the case of coke
sample from catalyst digestion, while the first oxidation zone of coked catalyst
were a;q maeqﬁﬁlmﬁ%ﬁdﬂﬁeﬁ{ﬁ easily if the
metal and support'are . g

Estimated amount of carbon on coked catalyst sample and coke sample
from catalyst digestion are 5.96 mg or 6.62 wt.% carbon, and 2.15 mg or
42.25 wt.% carbon, respectively, These suggest that both of them contain the
amount of carbon in the acceptable range and they were completely burnt.

However, TPO spectrum was able to be normalized in order to be compared
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the quantity of total carbon in case of different coke containing. In addition, it
is worth noting that coke from catalyst digestion and coked catalyst have their
own combustion characteristic as shown in figure 5.7 which focuses on the

comparison between TPO results in the range of 50-400°C.
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5.3 Coke Accumulation on Pt-Sn/Al,0; Catalyst

The coke accumulation on the catalyst was investigated in this study.
All samples in the experiment were prepared by varying process time on
propane dehydrogenation at 600°C and atmospheric pressure. The total flow

rate of gases in the feed was 22,570/ gas hourly space velocity (GHSV). The

is practical for laboratory scale.

Temperature-programmed.. oXidation g-technique employed for the
- T ——
quantity and quality of thewaribus tyj -wosits.

the accumulation of car cous deposits on the support was the result of
polymerization on the ‘acidic sites of the, ina support. Metal promoted
coke accumulation on the catah
FrEs T : : p
naceous depos , the higher combustion

dehydrogenated carbo

Certai 4 i I crease with process
time as demﬂﬂrﬂﬂ?@ﬂ &lﬂﬁmﬂ :j’jf:rtl?.laltematinn between
the van ypes-.of, eﬁ ? t-th Qf)' erty of each
samples :ﬁ:jﬁ ﬂcan : mj eﬂﬂg @\ﬂke which can
be removed at the lowest combustion temperature while the others burnt at
higher temperature are defined as harder coke in this paper. The results show

that the position of two peaks are shifted toward higher temperature for the

higher process time.
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From figure 5.8, one can see that the first peak, superimposes on the
second peak and indicates the amount of soft coke, rapidly develops during the
initial period of reaction but slightly changes after 40 minutes. This
phenomenon is not observed for the second peak, which indicates the amount
of coke on the support. The second peak becomes higher with increasing

process time and the total carbon of the coked samples seems to be increase
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5.4 Effect of Coke Deposition on Pore Structure of Pt-Sn/AlL,O; catalyst

Coke deposition affect the transport of reactants and products in porous
catalyst. Whether deposition of coke restricts the pore openings or blocks
these of completely is still a subject of uncertainty and will depend on the

extent of coke formation, the morph of the coke forming reaction and the

structure of the catalyst itsel t¥ ). Thus, this section present the
investigation of effect of coke i Jhepore structure of Pt-Sn/Al,0;

catalyst which was mos

enation reaction.

Fresh

.I.

BET surface ares /. _» distribut n for two samples of fresh
Pt-Sn/Al,O5 catalyst -‘ g ";__ s che ¢ the repeatability of the
measurement technique’ Tl its obtéined shown in figure 5.10 indicate
that Pt-Sn/Al,O; catalysts wid
1100 °A and high surfac
size are 60-70 Ay =;1

distribution of the

s of pore radii from 20 °A to
he maximum number of pore

\i bit that the pore size

¥ _ ’ us al pore volume of both
samples are 0.524 and ™0 521 cc./g. -
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Figure 5.10 Pore size distribution of fresh Pt-Sn/AlLLO; catalyst
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Coke |

BET surface area and pore size distribution measurements following
coking of the propane dehydrogenation catalyst were performed in this study.
The results illustrated in figure 5.11 are the pore size distribution curve of
various coked catalyst. The amount of coke observed is between 2-10 wt.%
and the coked samples were | ; : fﬂ ing time on stream. The pore
size distribution data de _' i\ &por& volume reduces because

ized as pore plugging. Coke

from propane dehyd 24 reaction se wniformly spread over the

o stream are.

whereas the pore vélu 0 mink.coked mple is reduced rapidly by

he comparison between fresh

catalyst and 30 min. coked catalyst d

es that coke accumulated and
reen 20-40°A. After 60

minutes of Upﬂn’niun. e range o s "’r&re blocked as pore size

distribution data and these cause theiﬁgniﬁcant drop of pore volume. The 180

min. coked ¢ t ﬁ.ﬁ . Lﬁ/ lume. The 360 min.
coked catalyﬂi:yﬂ anﬂnt ﬁﬂﬁﬂjh accumulated and
obviou cked, the & ﬁc lyst. 1"5( re, the most
reductiﬁ ﬁ]tﬁia;ﬂﬁim ilﬂ.'%:’j aﬂﬂﬂ ﬂ min. coked
catalyst gnntaining 9.9 wt.% carbon. It means that 70% of pore volume on the
catalyst is exist after prolong operation and there are a large amount of void
volume for reactant diffusion. However, the pore size distribution and BET

surface area data correspond to the deactivation curve, figure 5.1, which

shown the constant remaining of catalytic activity.
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The possibility of pore collapse occurring was negligible here,
consequently, it was verified by treating Pt-Sn/Al,O; catalyst in Ar at the
conditions of this study. The pore size distribution data of the later sample are

reported accompanied with of fresh catalyst data in figure 5.12.
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Table 5.1 BET surface area, total pore volume and carbon content of coked

samples
SAMPLE BET surface Total pore % reduction %
area (sq.m./g) | | ywolume(cc/g) | of volume | carbon
Fresh Pt-Sn 287, \ﬂ | }y /2 )
catalyst | — 1 _4
30 min. coked 1.92 2.2
sample
60 min. coked 10.75 4.03
sample
180 min. coked 12.48 6.62
sample
360 min. coked 23.22 9.90
sample

AULINENINYINT
MIAINTUNMINGAY
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