CHAPTER 1V

EXPERIMENTS AND EXPERIMENTAL RESULTS

In this study, there were a total of six experi-

ments, labeled prelimin nt and experiment 1

through 5.
Detailed o er imen i-a}_ be presented follow
by analysis resul d Juu -, | sample.

4.1 Experiments

Before t, the reactor was

packed with 10 eight of 15.24

centimeters (6 as packed only in the

middle section > bottom end of the

reactor was- packed wipﬁ#gr?;f_;’ The reactor was then

E;» at the top and
-em was checked for
|

leaks by graduallvipressurlzlng the system with nitrogen

gas. The pﬁ%ﬂt’}%g ﬂﬁdﬁe&]ﬁﬂ% MPa (600 psig)

which is 0.69/MPa (100 p51g) hlgher than the reactor opera-

e AR CR L 40 5 93 47) G Beisn o0

one hour was the maximum acceptible leak.

to sample bombs

The catalyst was calcined to remove moisture and
adsorbed gas on the surface by slowly increasing the reactor
temperature from room temperature to 200°C (392°F) under the
flow of nitrogen gas. The temperature was maintained at

200°Cc (392°F) for 1.5 hours.
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Since the catalyvst was originally in its oxide form,
it must be sulfided before each experiment. Carbondisulfide
was used as sulfiding agent. The sulfidation step was
conducted at 350 C (662 F) for 2.5 hours. Detailed descrip-
tion of this step was documented elsewhere [224].

Toluene is an unsaturated heterocyclic hvdrocarbon

compound. It is a non-po

QA

, vent commonly used in cool
liguid extraction [2u' con51dered to be a feed
carrier which has thiophene and orga-
nometallic compour és an excellent
model of the orga arly used for
studving hydrodes 10, 140)]. Orga-
nometallic compoutl : I B, 8, ex -"imental runs were

ferrocene, titanoce; ja‘, F;J- 5 ranadyl acetvlaceto-

nate. The catalyst = ;- aidy is 1/8 inch extrudate

ferrocene, titano-

ondte are given in

J

 ofRREY PRI T oo e

suitable opelating condltlon for hydrodpsulfurlzatlon o

o QRRAN TRIUN Y TALIRY:

oporafl g temperature was varied from 100 to 300 C (212 -

Tables 4.1 to 4. ecpectivnly

572°F) at a step size of 100°C. Other operating conditionsg
are listed in Table 4.6. The suitable operating temperature
was subsequently used in experiment 1 to experiment 5.

The study of organometallic compounds was conducted

by adding 100 ppm of metal directly into the feedstock and



118

TABLE 4.1 Properties of Thiophene*

Formula C,H,S

Structure

Chemical Name

Physical Prope'
Molécular wel
Form
Color
Melting Point, ('€

Boiling Poijyj'

Specific grav'ﬂ‘ .06 'ﬁ
Solubility uble in alcohol, ether,

ﬂ u El ’J V] E]‘ nﬁxﬂ I?Jnflﬂ j\d pyrimidine
Purity ¢> 98 % (by supplier)s

supp1 5y Wl AINTOIHBY ngn 1

X
From Supplier
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TABLE 4.2 Properties of Toluene*

Formula C_H_CH

Structure

Molecular wei
Form
Color
Melting Point (°C~ T
Boiling Point ( C) —109=

o : T
Specific gravit = e i ]

Solubility ‘-':J=,~'u"-====ii---'--; ol, ether,
i ;‘. e and pyrimidine
H |

W ) nsoluble in““ater
Purity 925 % (by supplier)

roviier YHAnpsa Nt

"““’a%""m\mim URIANYIAY



TABLE 4.3 Properties of Ferrocene

120

Formula [C H ]2Fe

Structure

Chemical Name / “Bi yclopentadienyl) iron,

adienyliron

Form
Color
Melting Point (°
Iron Content

Solubility A+ ¢ ible in to6luene, alcohol,
Wy, _ Ohé and benzene
|

Purity il ] 4 s (by ﬂ pplier)

)

S lier F1
HPPALS ‘a “J‘f

= From j@ﬂ;ﬂ 3 ”Elljllﬁ |r|ﬁ

AMIANIUUNIINYIAY



121

TABLE 4.4 Properties of Titanocene Dichloridex

Formula (C H J2Cl b i
Structure

Chemical Name / 3 antadienvl) titanium

,xfienyl titanium

Physical Propertie
- Molcular welght ;
Form = stalline solid
Color ==
Melting Point €} —
Titanium Conf*%
Solubility ]

|
i

fiue A e BRI

Purity ‘97 % (by suppller)

LAY

Moderately soluble in toluene and

*

. q
From Supplier
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TABLE 4.5 Properties of Vanadyl hcetylacetonate*

Formula ' OV(CSH702]2

Structure

Chemical Name etylacetonate,

. (V) oxide acetylacetonate
Physical Proper

Molecular weigh
. Form . ine solid
Color
Melting Point (°

Vanadium C of"?\“‘

Etluble in toluene
and chlorofo

Solubility" iﬂ

Purity

e FUE TN R TAPTHS
CRITRNN TN INYAY
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TABLE 4.6 Experimental Conditions

Operating Conditions :
Reactor Temperature : 100 - 300°C (212 - 572°F) for

iminary Experiment

8°F) for Experiment 1 - 5
3.f5 00 psig) ~
9

Pressure

~

Hydrogen flo
Liquid Hourly
Space Velocity

Duration of ru
Sampling

Catalyst > 8- rudate of Ni-Mo /y—-Al
Catalyst weight

203

S

AULINENINYINS
PMIAATUAMINYAE
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hydrodesulfurized it. Table 4.7 shows compositions of feed
stocks used in each experiment. The operating conditions
were identical to the ones used in preliminary exper iment
except the temperature which was 220°C (428°F)

The hydrodesulfurization experiments were conducted

at a pressure of 3.45 MPa (500 psig) and a temperature of

220°C (428°F). Because the ”
g

Y

#érsion of thiophene at 200°C
}/expect so used tempera-
gd.

tures in experiment 1 ' ' MSmoc - C. In a new condi-

is 31.98 %. It is not

tion, thiophene cao > LsM o g?*-\~ approximately 47%.
4.2 Experimenta

During each 3 ==

every 6 hours. . T 3 y e _ 2 hours were analyzed

amples were taken

for their compositigh  7 . & s,

A Perkin Elmg Jpod s Chromatograph equipped
with OV-1 GL Sciences __-gr Iy /e lumn was used to analyze
for the compos' on ach --------—-_- samples. The
-‘HA calculate weight
percent of thiophene and toluene in every sample. Conver-

sion of thi ﬁﬁ% W%%‘{weﬁlf’?ﬂ‘j

% cofl¥ersion of th}ophene = (1 -cCc/C ) * 100

PRIRIN T URIANYIH Y

= weight % of thiophene in feed

outputs from the -ah

Cto = weight % of thiophene in product sample
Tabie 4.8 shows the conversion of thiophene in the
preliminary experiment. The temperature was varied from 100
to 300°C (212-572 F). Tables 1.9 to 4.13 show the conver-

sion of thioplhene in each experiment. Conversion of toluene
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TABLE 4.7 Feed Compositions

Feedstock:
Preliminary Experiment - Toluene + 3 wt% sulfur

(as Thiophene)

"uene + 3 wt% sulfur

% 3 wt% sulfur

phene)+ 100 ppm of iron

3 wt% sulfur

Thiophene) + 100 ppm of
nium (as Titanocene

A
,m
i

(as Thiophene) + 100 ppm of

AUL NN FEYA Joor

wt% sulfur

tylacetonate)
i oS
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TABLE 4.8 Conversion of Thiophene in the Preliminary

Experiment
) wt %
Temp. % Conversion
(°c) Toluene ! | ,Thiophene of Thiophene
Feed -
100 =
200 31.98
300 100
e
TABLE 4.9 Convgﬂ_ ophene in Experiment 1
Time - % Conversion
(hr) Jﬁﬁﬁ | m%a . of Thiophene
2B gy b
0 Y 95.02 ¢ 4&6 o -
ANAIFUERTINE (R
2 .24 .80 44 .29
36 95.96 2.76 44.99
48 1 96.52 2.75 45.44
60 96.49 2.62 47.95
72 96.43 2.60 48.47
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TABLE 4.10 Conversion of Thiophene in ExXperiment 2

wt %
Time % Conversion
(hr) . Toluene Thiophene of Thiophene
0 94.97 pd -
12 : 68.02
24 55..33
36 46.63
48 45.96
60 44.63
72 43.97
' —;ﬁ"" <
TABLE 4.1] ! Conversion of Thiophen é-in Experiment 3
Time % Conversion
(hr) qQ i en of Thiophene
— —aJ
AN AT NI TA Y -
12 . 96.73 2.09 59.38
24 96.70 2.24 56.54
36 96.99 ' 2.02 60.96
48 . 96.60 2.23 56.96
60 96.90 2.29 55.61
72 96.44 2.35 54.21
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TABLE 4.12 Conversion of Thiophene in Experiment 4

wt %

Time % Conversion
(hr) - Toluene Thiophene of Thiophene

0 95.01 ! .98 -

12 47.99

24 39.35

36 38.00

48 34.43

60 29.20

72 27.95
TABLE 4.1é' n Expefiment 5

s
Time F‘ IR Lo olon o m—“ % Conversion
(hr) l u J.ud El U v' Thi en ; of Thiophene

Qﬂ’lﬂ\%ﬁ‘éﬂi&ﬂﬂsﬂﬂ'ﬂﬂﬂ

12 97.02 3.34 53.40
24 ~ 96.88 2.27 52.36
36 96.61 2.30 52.77
48 96.72 2.36 50.52
60 . 96.44 2.54 46.59

72 96.71 2.57 49.04
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is 0 % at this operating condition.

The metal concentrations in the feedstock and prod-
uct oils were determined by a Instrumentation Laborvtory
Model IL 551 Atomic Emission Spectrometers. The deviation
of the results was so high that the results wereAbelived not

to be reliable.

The coke contentrf' catalyst was analvzed by

for 60 hours to

J.
ofm carbonaceous mate-

am of ‘* ;alvst are weight at

burning the catalyst
calculate the weig
rial. Approximate
room temperature afld SLléaded -1 \ ‘ at 550°C (1022°F)
to burn off theirfag Y l'lfﬂ or 60 hours. The
samples are allowe ) fﬂ}“ ‘ ' m temperature then
weighed. Three‘san -‘-*>;,;j,; V > énalyzed for coke
content in each sect ?_j: 1 2lr coke contents were
averaged in each sectigg@%;gﬁg* 4.14 to 4.18 show the
weight percent,lr k , en ch: periment.
Metal d i 1lets of experi-
ments 2, 4, and

T220A Scannﬂgﬂﬂﬁcﬂeﬁﬁ%ﬂﬁﬂ]ﬂ?l( Model EDX 860

Energy Dispefsive X-Ray Analyzer. The outputs of the X-ray

et ) (LT OAND P B o o

metal cOntents in each location. Tables 4.19 to 4.21 show

were analyzed by using a JEOL Mocdel JSM -

iron, titanium and vanadium distribution in each experiment,

respectively.
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TABLE 4.14 Coke Content on Catalyst in Experiment -1
wt% Coke in Each Sampling
Section Average wt%
Coke
Top 24.42
Middle 22.97
Bottom 23.li
TABLE st in Experiment 2
Section Average wt%
Coke
Top 19.06
Middle 21.82
Bottom 21.56

YNINYINT

AR e A1

wt% Coke in Each Sampling

Section Average wt%
1 2 3 Coke

Top 23.03 22.86 23.00 22.96

Middle 22.46 22.28 22.06 22 .27

Bottom 81.73 23.05 22.39 22.39
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4.17 Coke Content on Catalyst in ExXperiment 4

TABLE
wt% Coke in Each Sampling
Section Average wt%
1 2 3 Coke
Top 12.09 12.30
Middle 13.96 13.02
Bottom 13.35 13.20
TABLE 4.18 Cg tent ‘on Catals yst in Experiment 5
Section —~ Average wt%
3 Coke
Top 14.56 14.18
Middle | 1¥4.88 | -]14.8] S 14.,97 14.89
—
Bottom W ¥ " 13 13.69

] ]

AULINENTNEINS

AMIAINITUNNINGA Y
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TABLE 4.19 1Iron Distribution on Catalyst in
Experiment 2
Section Point Iron Distribution in
the Catalyst Extrudate
Cen 1555‘ 1
s .63
46
: &J "
Middle '-£§, 09
ﬂld'-l
b | i =G .02
c o Wo.14
X = 0.09
Bottom ' A 5

AULINENTNEINS
PMIAANTUAMINAE
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TABLE 4.20 Titanium Distribution on Catalyst in
Experiment 4

Section Point Titanium Distribution in
the Catalyst Extrudate

Center |

Top ,", Y ' '
— () 24
-—-—,.

Middle

Bottom

U

AULINENINYINS
AN TUNM NN Y
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TABLE 4.21 Vanadium Distribution on Catalyst in
Experiment 5 '

Section Point Vanadium Distribution in
the Catalyst Extrudate

Center “

Top

Middle

Bottom

U

AULINENINGINT
ARIANTAUIMINAE
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