CHAPTER V

DISCUSSION

5.1 Preliminaryv Experiment

A preliminary stuc was gonducted to find suitable
iments. The suitable
——
whiophene conversion
is approximately 50+% -n‘x-i furization reaction,
operating tempera By jor role in conver-
, o, \\\x-ssure in this
experiment was mai 'J:‘  Pa (500 psig) and the
temperature was var i -li;..  °C (212 to 572°F) with
As shown in l‘? operating temperature of
100°C (212°F), 50 thiophene and
toluene.
At the oglgating temperature ofELOO°C (392°F), the

products ofﬂlﬁﬁﬁ wcﬂ:ﬁwmﬂ ?action shown on

the chromato@ram were suspncted to be hydrocarbons contain-
s « QURYRATYTOU JNVF YR e o o
identified because the standard C4s were not available in
our laboratory. Conversion of thiophene at this operating
temperature was 31.98 %.

At the operating temperature of 300°C (572°F), the
ma jor products shown on the chromatogram were still the same

as the products of the experiment conducted at the operating
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temperature of 200°C (392°F) with addition of a small quan-
tity of methylcyclohexane. Methylcyclohexane forms from
hvdrogenation reaction of toluene. Conversion of thiophene
increased from 31.98 % to 100 %.

From thiophene conversion in preliminary study, the
operating temperature chosen for other experiments was ap-

proximately 200°C (392°F).

5.2 Deactivation EX

5.2.1 Hydr u ; miophene

Experiment .xperiment. The data on

-

the amount of cok j He catalyst and the hydrodesul-
furization activi |
the other experihe

Experiment
MPa (500 psig) and af the t of 220°C (428°F). At

the temperature of 200: T3 o hiophene conversion of
= e

- [

31.98 % was rathi C addition of organome-

tallic compoun-?" . A higher

itable than 200°C

(392°F) becﬁﬂﬁ}iaﬂwﬂs{wmﬂlﬁ compounds

would be eas@lly identified. Another experiment, experiment

o TR PR P e o

order t@ study the repeatability of the experiments.

temperature of 220°C (428°F) was more su

At the operating temperature of 220°C (428°F), the
products of thiophene hydrodesulfurization reaction shown on
the chromatogram were still a mixture of C4s. The results
of experiment l'and 3, shown in Figure 5.1, showed that

there was an unsteady state period during the start-up of
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the experiment. This period was identified by the change in
thiophene conversion during the first 36 hours. A steady-
state operation was reached after 36 hours from start-up and
the average of thiophene conversion of the samples during
this period weré used for comparison. Thiophene conversion

of experiment 1 was approximately 47.29 % and of experiment

3 was approximately 55.4 se numbers were used as the

onversion.

—

2 i%-ment 1 showed that
‘ .'-_u‘. middle and bottom
. \QSE:::\ e same whereas the

amount of coke in ‘ section was slightly higher. The

lower and upper limi
Coke conte
the amount of coke

sections of the b

coke results of e: ywed the same pattern

LY

as the results of ~lightly lower num-

bers. Figure 5.2 f coke content from

experiments 1 and 3.

Eventhough ron either parallel
e L)
or series reactit ~ce” experiments was

J

reactions, whi was formed f£rom

suspected to be

the reactanﬂ Tjﬁ;j ﬂﬂﬁw Eerﬂﬁjp section in-

volved highell reactant concentratlon than the other sec-

QW AINIURIINAE

§5.2.2 Effect of Ferrocene

-.rallel

In experiment 2, 100 ppm of iron as ferrccene was
added to thiophene solution. The feedstock was hydrodesul-
furized at the same operating conditions as in the reference

experiment.
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The conversion of thiophene in experiment 2 was
approximately 44.85 %, as shown in Figure 5.3. It slightly
decreased from the reference experiment.

In Figure 5.4, the amount of coke in experiment 2
was low in the top section, whereas the coke contents in

middle and bottom sections were higher than the top section

f ’h’}nt of the reference exper-

==ﬂ-u ions in the catalyst

\ \\ ed that iron depo-

sited mostly on J . ir nd gradually de-

:F\\\\\ r of the pellet.

higher amount in the

and alwmost equal to the
imant.
Figure 5.5

pellets for all

creased at other
Iron also deposit
top section of the the lower sections.

Earlier studffeg{45-47 d that iron was succes-

sively used as a cataf#?! } or hydrogenation and

hydrodesulfurizaFion reactions. ’“_T?i;PVUdY, a high con-
W ']
version of thiopﬁ' “r+od was suspected to
be a promotion be§$v1or of 1ron which could be used as a

promoter onﬂ Hﬁ%lﬂ;&kw@wmﬂ ?dsorptlon of

iron compoun continued u%ﬁll the actlve surfaﬂe was totally
crerQ WAGERF O WA IFR UG Y -wcon o
top soc ion catalyst. Coke was decreased in this section
because catalyvst surface was fully adsorbed by iron com-
pound. Eventhough the catalyst in the top section was
deactivated, total conversion of thiophene decreased slight-
1y because the catalyst in middle and bottom sections were

promoted by small amount of iron on the catalvst surface.
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5.2.3 Effect of Titanocene Dichloride
In experiment 4, 100 ppm of titanium as titanocene
dichloride was added to thiophene solution. The feedstock
was hvdrodesulfurized at the same operating condition as in
the reference experiment.

Conversion results from Figure 5.6 showed that the

conversion o¢f thiophene i q iment 4 was approximately
30.53 %. The conveng : creased when it was
compared with the
Figure 5.7 t the amount of coke in experi-
ment 4. Coke co 11s experi ent were lower than

the ones in the r "V‘Jﬁ » he coke content in

rom the top sec-
“Most of titanium was

found on t)ﬁﬁﬁ%}ﬁﬁ ﬂ%fwlﬁt]pﬁﬁt in top and

middle sectigus.

AT SR PP TR o v

nium compound on the edge of the catalyst pellet would

tion to the bott-trsection of the bed.

result in bleocking of catalyst pores. This pore blocking
inhibited the diffusion of thiophene into the inner active
surface. Both hydrodesulfurization activity and coke forma-
tion were decreased because the catalyst lost the inner

surface area for hydrodesulfurization reaction.
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5.2.4 Effect of Vanadyl Acetvlacetonate
In experiment 5, 100 ppm of vanadium as vanadyl
acethyvlacetonate was added to thiophene solution. The feed-
stock was hydrodesulfurized at the same operating condition
as in the reference experiment.
Conversion result from Figure 5.9 shows that the

conversicn in experimen proximately 47.72 %, which

was nearly the same from the reference

experiment. / o —
The resgi;‘a‘ﬂ’f’ ane &;;'”g\Figure 5.10 shows

that the amocunt o ed on S catalyst was low and
almost the same i

. .

D ‘1ons of vanadium in

Figure 5.

catalyst pellet on S 'it e catalyst bed. It

shows that vanadium s5t1y on the catalyst in the

top section of the bed. vanadium diffused and deposited at
= L_} 4, e .

high concentratip 't..de the catalyst

pellet except «ﬁﬁ g

Based onﬂlhese results, vanadyjﬂacetylacetonate
.y Q/ :
could be r Trﬁjnfﬁ ﬂﬂ{i] tﬁﬁeedstock and
formed vanEu 1 e ich ha cen L‘nown as a hydrode-

. ¢ . o /.
sulfuuaz1a1a]1aa€ﬂ'z§ﬂ ]’mﬁmqﬁﬂwﬁjglncrease the
hydrogempation activity in hydrodesulfurization reaction
[61]. Coke is a large hydrocarbon molecule whose hydrogen
to carbon ratio is low. Coke in this experiment was de-
creasad because hydrocarbon molecule was hyvdrogenated to

form saturated hvdrocarbon product instead of coke forma-

tion. There was no effect of vanadyl acetyvlacetonate to
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hydrodesulfurization so that thiophene conversion was the

same as the reference experiment.

ﬂUEl’JVIHV]‘i‘W El"lﬂ'a'
’Qﬁﬁﬁ\iﬂimﬂﬁﬂﬂmﬁﬂ
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