CHAPTER 3

3.1 DESIGN AND CONSTEH

A reactos I '_ T -. rTvin . out experiments on
hydrodesulfurizationfo sd in the laboratory
at the Department of '

The maximum design pregSuxe ar

. Chulalongkorn University.

e were 100 bars and 500 °c,
respectively. ion were all stainless steel.
Swagelok unions ,_,.._,',.___.____.. tuce o .-‘- used because of their
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high reliab ility.
Fig. 3.1 shmirs aﬂmd.wgramof@mhi@praamatbrmngh—
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typically ocdlirs via a reaé:tinm batuaen sulfur ccmmnﬂs in the oil
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R-SH + Hy —————-———> R-H + HyS

Since hydrodesulfurization is carried out at medium high
pressure, safety must come first. Before each experiment, Ny is used
to purge the reactor system, and again at the end of each experiment.
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During the experiment nitrogen pressure is used to feed the thiophene
in toluene to the reactor column. The respective pressure control
valves PCV1 and PCV2, pressure regulator PR are used to regulate and
maintain the line pressures in this system at the desired values.
Pressure indicators give the inlet and outlet pressures of each PCV

and PR. Three needle valves HVBjNV4 and NV1 serve to adjust the flow
| and hydrogen or nitrogen,
respectively. A p _-_;:1,,...__, is provided to release
any accidental IRk ght lead to an explosion.

The outlet”of needle valve (NV2) that is
used to adjust ARture and to reduce the outlet
pressure to nearly atmos tape 1s used to prevent
condensation of ( line. An ice bath is
used to condensg/i MOSE desisate is separated and
accumulated in a_j ivi ot, DI ga.sacu.m sample is withdrawn at
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static pressure test for leakage is carried out step by step using Ny
at 5 bars, 10 bars, 20 bars, 30 bars, 40 bars, 50 bars, 60 bars and
70 bars, respectively, and using Ho at 80 bars, 90 bars and 100 bars,
respectively. At each test pressure, a soapy solution was squirted

onto all areas susceptible to leakage, such as unions, joints, valve
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handles, etc. Appropriate measures are taken to eliminate any
detected leaks. During fabrication of the reactor set and in
correcting the leaks, it is important not to turn any part tighter

than neceesary, since that might lead to irreparable damage.
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The body of the heating furnace was made of refractory brick

blocks. It was made by carving out 4 refractory brick blocks,

inserting the electri ires inside the grooves, and

wrapping the four sa ;h \\M

control the furnace tcmpers: ; -'; tric power supplied to the

in a thin metal sheet. To

heating wires was

To ensure 2 distribution along the
middle section we measured the axial
temperature distrihafti sifie ‘@ 1/2" staihless tube which was placed
by el the electric heating wires,
: ithin + 10 °C were achieved
over the entire middle sec of Ehesfurnace at 490° C.

Measure ' e 71z --:.-..f;;;;-‘.a;:;.';;fi- ibution was made by

inserting a thermesoupl less tube in the furnace

after having set desirad tanperatura by adjusting the slidac. When

oo a0 FAII MR FHHATE ot <o

distribution¥ was masu:ad with a sl‘mathad CA ( chromel-alumel )
R R oy p—
spec:1f1 portion of the electric wires were either stretched or
compressed by trials and errors until the maximum axial temperature
variation within the middle 12-cm region of the furnace was less than
+ 10 9C. Fig 3.4 shows the observed axial temperature distribution

for the furnace under no—gas-flow conditions.
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3.3 CATALYST PREPARATION

The steps of preparation were as follows:

1. Ihn ammonium monomolybdate solution was prepared by
dissolving 5.52 g of ammonium paramolybdate [(NHg)g Mo70p4. 4Hy0] in
distilled water, adding 1.5 ml of ammonia (28 % NH3 ) and diluting
with distilled water to 15 ml,

2. The above

while stirring, to an
evaporating dish of the alumina support
(7 -type of 100 - on completely wetted the
alumina support ( solution per gram) and
left no excess r was dried at about
121° C for 24

3. A cobalf Migrate’ solytion Was| prepared by dissolving
6.17 g of cobalt ni . . 0 ] in distilled water and

diluting it to 10 mi. en added, while stirring,

to an evaporating di ning’ the dried alumina powder which had
been impregnate fith molybdent Th : -,,_ completely wetted the
molybdenum impregnated powder ‘ H&t&ss 0.473 ml of solution

per gram ) and leftshe,excess solution in the dish. The resulting wet

sontr vas E\chlt i 1) ) o A B omn cmtcind s i

in an elactrlc muffle furnacé at 482 ©Cefor about 10uhours. The final
sota e 2l T bl 14 4 el bl oyt

To use in the experiments, the catalyst powder was compressed
to obtain a pellet. The pellet was next cut up and screened to
select fragment size between mesh #10 and #25. Then the classified
fragments were packed into the middle section of the reactor for

hydrodesulfurization experiment.
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3.4 REACTANT

Originally we had planned to study about hydrodesulfurization
of 1light oil but because of limitation in the separation capability

of the available FPD t apparatus and the fact that some

light-0il's components Have boilifig’peints higher than that usable to
the GC column we had™“to-use & feed instead. Toluene had
been chosen as : 4 | d that in the major
as model reactar .' " fthie - sulf -'\ 1ds because the typical

CAL 73 NN\
as the least .U ‘ """-' "\\\
simplest and readily/ a J” ” d\\‘

gf:f : ;_
itself, had frequently ch for study. The specifications

order of reactivity
fraction, and being the
in this class, thiophene

of the syntheti

ﬁb‘ﬁwa‘ih%
‘lﬁﬁﬁiﬁiﬁm f#3np1a



3.5 ANALYTICAL METHOD

Organic chemical compositions of liquid and gaseous samples
were analyzed using Shimadzu GC-8AP.F gas chromatography equipped with
a flame ionization detect FAT The column was a 50 mL x 0.2 mm

0.D. methyl silicone : ! /ﬁnm and its temperature was
‘ 100 °¢ at 1 °C/min. The

e column was a 2.5 mL x
BHT 100 and set at to
& was 110 ©c.

hadﬂa be sulfided before use.
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1. The two GC's (FID and FPD detectors) are started up, their
conditions set and awaited until stability for analysis was obtained.
2. Prepare the wet test meter by pouring in clean water until

the water level reaches the needle tip. Next connect both the inlet
and outlet rubber tubes to the meter, and check for leak.



52

3. Open the shut-off valve of the Np cylinder, gradually open
SVl, Sv2, sV3 and SV4 to full open, turn the PCV1 knob to set the
outlet pressure. Adjust NV1, NV2 and PCV1 until the desired flow
rates and secondary pressure are obtained.
the furnace and the heating tape,

set the reactor and : & ature to 150 and 110 ©c,

e "‘Q‘
respectively, while dryilg |

5. Open
fully Svi4, turn
at the reactor '.
desired feed rate.

otharﬂgcylinﬂar open
tnaet the feed pressure
to balance and get the

6. Change o ' in ‘the gas feed line from Ny, to
Hy. Set the rez esmperatures, to |increase at constant rate

the hydrogen main
to stop the

TR mﬁﬁfﬁﬂﬂ”fﬁ‘ﬂbﬁ“ﬁﬁ“

Start up procedure

1. Open the shut-off wvalve of the N; cylinder, open fully
SVl, sV2Z2, SV3 and SV4, turn the PCV1 knob to set the secondary
pressure. Adjust NV1, NV2Z and PCV1 until the desired flow rates and



53

pressure are obtained.
2. Switch on the heater of the furnace and the heating tape,
set the reactor and tape temperature to 200 and 110 °C, respectively.
3. Open the shut-off valve of the other N, cylinder, open

the reaction time ' 7 : «0, 8.0 and 10.0 hr take a
the . ate at the recieving pot.
Also take a gas samplé’ afy? wrt. Measure the fl-w rate of
the outlet gas by ' s.JAnalyze for the hydrocarbon and

switch off the heater of
the furnace and t?ahaatmgtape Shut off the hydrogen main valve

ma o (44 444§ ) T o s o i o

faadupenﬁtoraleasgﬂngaspresm the reactor

i dalakai 2 '%%%Elﬁﬂ'%# of nitrogen,

aswallassvl 5V3, NV2Z2 and SV4.
6. After obtaining the analysis results, turn off the GC's.
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