CHAPTER IV
EXPERIMENTAL RESULTS AND DISCUSSIONS
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Experimental numbers and the liquid feed compositions of
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sulfided catalyst to keep the catalyst in sulfided form.

Toluene is used as a feed carrier and has a good
solubility for used compounds .



Table 4.1 Experimental Operating Conditions

Operating Conditions:

Temperature : 300, 350, 370 and 390°C
for Experiment 1 and 2
370°C for Experiments 3 to
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Table 4.2 Experiment Numbers and the Liquid Feed
Compositions of Each Experiment

Experiment 1 : Toluene, 0.05 wt% Carbon
Disulfide (preliminary
experiment 1)

Experiment 2 : Original liquid feed”

fpreliminary experiment 2)

Experiment 3 5 1“ #gdnal liquid feed

Experiment Original liquid feed

duplication of reference

qing iquid feed/
) f}\'.S wt% Nitrogen
\\ ine, 0.05 wt%
‘\¢ DY¥sulfide, and 0.4

"\, ur as Ethyl
i o

Experiment

Experiment 6 ginal liquid feed/

0 wt% Nitrogen

;———zfi 0.05 wt¥
E . Disulfide, and 0.4

Wt Sulfet as Thiophene

Experiment 7 € & Original liquid feed/
B 18991891 3HEE 78 et microen
U as Quinoline, 0.05 wt%
, Ny 7 Y
YRIANNIUNETIREINE"
3 It % I a yl
Sulfide
Experiment 8 : Original liquid feed/
Toluene, 0.5 wt% Nitrogen
as Quinoline, 0.05 wt%
Carbon Disulfide, and 0.4

wt% Sulfur as Methyl
Disulfide
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Experiment 9 : Original liquid feed/
Toluene, 0.5 wt% Nitrogen
as Quinoline, 0.05 wt$%
Carbon Disulfide, and 0.4
wt% Sulfur as Carbon
Disulfide

Toluene, 0.5 wbs N ogen as Quinoline, 0.05
wt% Carbo “JQb F ;‘ﬂ'
* Solution™ronta: ' &iginal liquid feed

The majo =_.“ . ‘;11:hv‘ detected by the gas

chromatographié tg b -3 ne.
1,2,3,4-tetrahyvd¥og "’ I \\\\ etrahydroquinoline,
decahydroquinolig€, ﬁ' ‘\‘ propylcyclohexane
and propylbenzene.f Propgvwicy > -mlne and dihydro

o-propylaniline ea‘ 10n intermediates
which presumably dei fixe 11 e rapidly, and
therefore are not spegs ﬁ;’ entified in the

hydrodenitrogehat:

The p;,?_________jf________—%:}::
hydrodanitrcgeggr 18 s ghown in Figure 4.1.
This proposed ctlun network is similar to that used
previously et al., 1978;
Satterfielﬂmmilﬂ?iﬁ ﬁmn]id and Yang,

1984} The¥e are two paphways i this reactygion network:

AR N AR
hydrng n 203 rahydruquinullne (PyTHQ) and

subsequently 1,2,3,4- -tetrahydroquinoline is
hydrogenolyzed to o-propylaniline (OPA) , dihydro
o-propylaniline (DOPA) and propylbenzene (PB) with
ammonia. A second pathway involves the successive
formation from quinoline hydrogenation of
5,6,7,8-tetrahydroquinoline (BzTHQ) and subsequently
5,6,7,8-tetrahydroquinoline is hydrogenated to
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Figure 4.1 Proposed Reaction Network for Hydrodenitrogenation of Quinoline
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decahydroquinoline (DHQ). After that, decahydroquinoline
is hydrogenolyzed to propylcyclohexylamine (PCHA). Then,
propylcyclohexylamine is hydrogenolyzed to
propylcyclohexane (PCH) and ammonia.

4.1 Preliminary Experiment

Experiment 1 is performed to test the reaction of
toluene at four different ten 3 The percent

weight of toluene in ‘samples’s ), 350, 370 and 390°C
is presented in Fiftire-4. thws that the percent
weight of tolueng natelysado at all
temperatures, . at these

toluene can be

Earlier#in G fr:{\n'L eld et al., 1978;
Cocchetto and Satfe 4981 ;' 7‘_\fk1n et al. 19&9]
suggested that qui i ' pgenation reaction
varied greatly wi ‘his Experiment 2 is

performed to dete LR ?”{ ble operating condition
for quinoline hydrode; enakion reaction by varying
the temperatuxdgps g dishow the effect of

.&E‘figures show
i}nﬂ, propylbenzene,
propylcyclohexane and area of 5,6,7,8-tetrahydroquinoline

e St ﬁﬁfﬁﬁ&ﬁfﬂmﬂﬁmﬁ:ﬁ“

proportlana to the tempegrature. sPecahydroquinoline has

remﬁﬁﬁ ﬁem ylﬁliﬁﬁsﬁgm the

intermediate reactions in the catalytic
hydrodenitrogenation of quinoline. They found that at

the lower temperatures the concentration of quinoline was
much less than that of 1,2,3,4-tetrahydroquinoline and
the latter was then converted either to o-propylaniline
or to decahydroquinoline. At higher temperatures the
equilibrium concentration of 1,2,3,4-tetrahydrogquinoline
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Figure 4.3 Distribution of 1,2,3,4-Tetrahydroquinoline,
5,6,7,8-Tetrahydroquinoline and Quinoline in
Samples with Temperature
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was much diminish
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0 h noline and the

5,6,7,8- tetrahydrcquay-'TfE-;g
decahydroquinolin game significant.
The increasing|gUantity Of guinc : Yund at higher
temperatures su%@ps = udiﬂamic equilibrium
and 1,2,3,4-tetrahydroquinoline was

approached, T i line at higher
temperaturﬁ ﬁg‘l msg ﬂﬂﬁmjﬂecreased by
increasing e temperatuxe and is_ghown in Figure 4.5.

In ad @ﬂ%%ﬁ%ﬁ%% EIl’Pﬂ E}udled
chemicald equilibria among quinoline and its reaction
products in hydrodenitrogenation at 515 and 1015 psig,
330 to 420°C and also found that the heterocyclic
equilibria favored decahydroquinoline at lower
temperature and high hydrogen pressure, while quinoline
was favored at higher temperature and lower hydrogen
pressure. They reported that effects of temperatures and
pressures were consistent with the fact that the ring

bsequently to

between quinoli
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Conversion of Quinoline (%)

Figure 4.5 Quigh

v d\
saturation (hydrogsg

15 et i6ns| were exothermic and
consume hydrogen. Mf" 4 ‘

femperature

Gultekin et a ..féf.t ; that
decahydrnqu:.rmlina co ":‘E;"{- as higher at 330°C and

decreased rapidl; Mpdxrature (350°C and
370°C) . ‘They Dok erature (330°C)
the hydrogenolysis < ol 1t be te limiting. At
3009 decahydrnqu ul:.ne appeared in amall concentrations
because th inoline
appeared tmmmzmmﬂhj inocline than
via 1,2,3, 4q'l:etrahydrcqumollne £This was cobnsistent

rion QIRARABT QNEAIIEATE .

w temperature the hydrogenolysis reaction might be rate
11mit1ng so that increasing the temperature caused
significant increases in quantities of o-propylaniline,
propylcyclohexane and propylbenzene.

The results of experiment can be concluded that
the suitable operating condition for quinoline
hydrodenitrogenation reaction is 370°C because this
temperature gives suitable quantities of products. The
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reason for choosing suitable quantities of products is
that effects of sulfur compounds on hydrodenitrogenation
of quinoline are easily identified. Under this
condition, conversion of quinoline is approximately 80%
(gives a moderate rate of reaction).

Conversion of quinoline is calculated by

% Conversion nf Qgu V ; = (1 - thctu] x 100
Where

C.o = weig '-nﬁ‘ -ul feed (g)
C. = weig <} iol bl product sample (g)

4.2 Study the Rep ' f 'v-- eriments and
Determine Pr€ «‘ljl / triba \

Condition ,
Experimengé a4 e ac icted at a operating
condition in ord : \ Cability of the
experiments and deke ' tributions.
Experiments 3 and 4/% eé¥ence 1 and Reference

2, respectively. The -. ity of various compounds
in samples is given i to 8A).
Maximum, minim y; na-average deviation \,J e used as basis

r compounds on

deviation. The -IF f o
catalyst and hydr¥odenitrogenation of d@inoline are

carried out mﬁ}_ﬂm.snn he average
reference g ’a %'%J % 2}9‘3 riments which

added variod$ sulfur comppunds . Table 4.3 supmarizes the

m;?%mamm MTANETEY:
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Table 4.3 Summary of the Maximum, Minimum and Average
Deviation of Average Reference Experiment

Compounds Deviation (%)
Maximum Minimum Average

Quinoline 3.99 0.12 1.37
1,2,3,4-THQ 3.0, 125
5,6,7,8-THQ ‘ 1.73
DHQ 1.218
OPA 1.80
PCH 1.44
PB 2.184
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4.3 Study Effects of Sulfur Compounds on Catalyst and
Hydrodenitrogenation of Quinoline
Under hydrodenitrogenation conditions, sulfur
compounds can react with hydrogen via
hydrodesulfurization reaction to produce hydrogen

sulfide. The presence of hydrogen sulfide has a slight
inhibiting effect on the 1ntermed1ate

hydrogenation-dehydrogenati eps involved in

the overall hydrodenitrogend¥i€a®of quinoline but a

marked accelerati ——E ; termediate
E—

hydrogenolysis stepge coefd is an increase in
the overall hydroge YOgéndtion Pake. Satterfield and
Gultekin (1981) xg | \
of the effect &
hydrodenitroge

in investigations
le catalytic

; _ ey reported that
hydrogenation-de} genatiol reactisns might be retarded
by competitive dds oW el ~“; ;dragen sulfide and
nitrogen compound§ Arogénation sites. The
enhancement in hydFogés -97‘47
by an increase in thejgﬁff
sulfide; as a mesi e ¢

‘-1nns might be caused
'dity from the hydrogen

7 e : 2f£0-propylaniline,
propylcyclohe y* bropyliben: B¢ increased in the
presence of hydrpg: 31 quantity of
5,6,7,8-tetrahy@roquinoline was increased in the preseuce

ZiahiiiiﬁiﬂﬁﬁﬂﬁilWﬁ*fﬁ‘i‘“ i

5,6,7,8- teth ahydrcquincl&ne much cwer than

TN TR B,

inhibited the dehydrogenation of decahydroquinoline to
5,6,7,8-tetrahydroquinoline. Besides, hydrogen sulfide
caused significant decreased the quantity of
decahydroquinoline since hydrogen sulfide had a definite
enhancement effect on the hydrogenolysis of
decahydroquinoline but there was a slight inhibition
effect on the hydrogenation of
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5,6,7,8-tetrahydroquinocline to decahydroguinoline, the
hydrogenation of 1,2,3,4-tetrahydroguinoline to
decahydroquinoline and the dehydrogenation of
decahydroquinoline to 5,6,7,8-tetrahydroquinoline. 1In
addition, in the presence of hydrogen sulfide reduced the
quantity of 1,2,3,4-tetrahydroquinoline so that hydrogen

sulfide markedly increased the hydrogenolysis of

1,2,3,4-tetrahydroquing lting in the reduction
of quinoline because ted very rapidly to
form an equilibriu :

1,2,3,4-tetrahydzroa . ane l Satterfield (1984)
obtained similar ue® ”,/r 'gﬁié:il‘\

hydrodenitrogenat in &F inoline 3\Ni trickle-bed

reactor at 350, 14 - '5f1;g and, 658 MPa (1,001.0
psig). They fo : l , \\ \
decahydroquinoling piqd qﬁﬁlp;rw \\ ecreased while the
quantity of o-propylahilis /dfcreased, and as these
results they sugg . yal Bydrogen sulfide increased
the rate of decahydfodaificlin orm
propylcyclohexylamingéggﬁfiﬁr iShreadily converted to
hydrocarbons ang. ged che
hydrogenolysisiBf 1,2,3,4-Eetra
ofprupylanilineiQ
consistent with

figilina to form
; e, | se itsults were
he observations of Gultekin et al.

(1989) for ﬁ %’ fide, water
and amoniﬂ[ﬁﬂ Iiﬂrﬁe aﬂﬁﬁﬂuﬁonm at 7 MPa
(1,015 pElg and 330, 35@, and 3757C. They geported that
AR ATHANFINEARY
decai&iroquln ine and increased the cnncentratlcn of
5,6,7,8-tetrahydroquinoline because hydrogen sulfide
enhanced the hydrogenolysis reaction rate and inhibited
hydrogenation.

Satterfield and Yang (1984) explained effects of
hydrogen sulfide on catalytic hydrodenitrogenation of
quinoline in the point of nature of the active sites.
They proposed two types of catalytic sites on sulfided
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NiMo/Al,0; catalyst: site I was a sulfur anion vacancy
associated with Mo and was responsible for both
hydrogenolysis and hydrogenation reaction; site II was
Bronsted acid type which was responsible for the
hydrogenolysis reaction. Hydrogen sulfide interacted
with sulfur anion vacancies (site I) to convert into
Bronsted acid type (type II}
of hydrogen sulfide
hydrogenolysis reac y reduced the
hydrogenation reacts X " hydrogen sulfide
had little effect gaer! A o g;i gnergies for the
hydrogenation reagefCu€ Jout) : f:ﬁ*f"“;,antly reduced

Consequently, the presence
lerated the

those for the hydzégef fsis xea is\. This suggested
that vacancies dctifi pas igl i decreased in the
presence of hydrége L federand s jonsted acid sites

for the hydrogehn il 5 “‘f‘J'? : \xtmure active than

' 1) 2 [dshed the existence of
6Mo/Al,0; catalyst by
£ silver ions from a
on of hydrogen sulfide

SH groups on a su
a technique involwv
pyridine solution.

was similar to“khé pifion of water onto
a zeolite or ;ﬁar : AVf‘vacancy was
converted to a Bfons V@brhoeve (1971)
demonstrated hyizn ESR study that the number of vacancies
on a sulfi ﬁ i with an
increase cm ﬁzﬁgﬁ Wizj;‘l ire when the

catalyst wad exposed to an H,S/H, environmeng,

s &ﬂl@mﬁpy}mwma ¢)

The effects of structure of sulfur compounds
are compared between ethyl sulfide (straight chain) and
thiophene (cyclic). Figures 4.13 to 4.19 show that,
in the presence of sulfur compounds, the quantities of
quinoline, 1,2,3,4-tetrahydroquinoline and
decahydroquinoline are decreased while the quantities of
5,6,7,8-tetrahydroquinoline, o-propylaniline,
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propylcyclohexane and propylbenzene are increased.

These results indicate that sulfur compounds inhibit
hydrogenation and dehydrogenation reactions but markedly
accelerate hydrogenolysis reactions. Ethyl sulfide has
stronger effect than thiophene, as shown in Table 4.4,
gince ethyl sulfide reacts to form hydrogen sulfide and
hydrocarbons easier than thiophene. To explain the
effect of structure, | dyMurali Dhar (1982)
proposed a possible.mechan: drodesulfurization of

B . : this reaction.
The first pathwag.-l!'?:' 1 hydrofemelysis and the
second pathway wa ] Aro: ' The second path
was not rapid comp® e So, if
thiophene reacted #ia A/irogenatio vi‘heterncyclic ring
pathway, it wou ' \\ Ydrogen sulfide.

In addition, in tje ; ‘;1‘ tg:irxgsis pathway, since
sulfur atom in bot} oo nds
but structure of
resonance effect.

we lone pair electrons
¢ compound which has
one pair electrons
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Figure 4.13 Effects of Ethyl Sulfide and Thiophene on
Weight of Quinoline in Samples with Time



65

1.00
G
E 0.80
<+ 080 | -
2 L Che-Ogm »
N (Beeverigi, Co-9R@s8cRl
= 0.70 - & A A A n o
b . . . .
=
2 060 -
=

0.50 E L 1 i i L M i i i i

1230 42 102 114 126 138
24 3@ 8¢ 108 120 132 144
0 Avg. Ref. ™ Mat"hly/+ | Min AvG: 1
Vo 7H | C4H10S 4 C4Hds
Figure 4.14 =g « Ethyl ' Sulf: .and Thiophene on
=1g] droquinoline in
0.50
0.45 - L -
y_ ..""

o

B

[=]
T

Area of 5,6,7,8-THQ
o o
g8 &

: .
" 4] T ﬁ%‘ﬁwﬁ%

!{I‘EE

LY

9 "24 36 48 60 72 84 o6 108
Time on Stream (hours)

O Avg. Ref. — Max. Avg. — Min. Avg. m C4H10S 4 C4H4S

14 138
120 132 144

Figure 4.15 Effects of Ethyl Sulfide and Thiophene on
Area of 5,6,7,8-Tetrahydrogquinoline in

Samples with Time



66

=]
&

o
g2

Weight of DHQ (g)
=]
&

‘ltl-llfaa @aaeiﬂ-luanl
miAZ 4,0 .
| BN |
0.02 - ny

D1u1 — L L = L L 1 L i i i i
12 30 42 I 102 114 126 138
24 38 96 108 120 132 144
o Avg. Ref.  C4H10S 4 C4H4sS
Figure 4.16 Eff of [Echyl" Sult and Thiophene on

e in Samples with

8

Weight of OPA (g)
o 2 e
5 2 @

o
&

.2;

O Avg.Ref. — Max. Avg. — Min. Avg. m C4H10S A C4H45

Figure 4.17 Effects of Ethyl Sulfide and Thiophene on

Weight of o-Propylaniline in Samples with
Time



67

0.20
__ 016 | ™
B o
I
G 012 - masyat
a " @ 2 a
Sl "WmeBRiOoCocccogunEBl
i T A
g J
0.04 |-
0.00 Lot & o A g
12 30 126 138
24 120 132 144
o Avg. Ref 10S 4 C4H4s
Figure 4.18 vand Thiophene on
e in Samples with
A28
oEti <
LA I
o ZZ 7
0.05 - ;—

0.04 |- 7
0o L ES W ‘L!oﬂﬁﬁ@eiiilt.ig

ooz | ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂi

0.01 -

Weight of PB (g)

91230 42 54 66 78 90 102 114 126 138
24 3 48 60 72 84 98 108 120 132 144
Time on Stream (hours)

O Avg.Ref. — Max. Avg. — Min. Avg. m C4H10S 4 Cd4H4s

Figure 4.19 Effects of Ethyl Sulfide and Thiophene on
Weight of Propylbenzene in Samples with Time



68

Table 4.4 Effects of Ethyl Sulfide and Thiophene on
Various Compounds in Samples

* & * & 1

Compounds Cquus C H S C, 1ﬂ3; Deviation
C4H4S (%) *#**
Quinoline -13.39 -9.39 1.42 -4.71
1,2,3,4-THQ 1l.66 -4 .80

5,6,7,8-THQ 1.57* 4.01

DHQ 1.96 -18.13
OPA 1.41 9.15
PCH 1.65 12.26
PB 1.87 8.51

i compared with average
gd¥tion interval of sulfur

** Average deviafig
reference experx

compound

**% Average deviation hene which compared
with ethyl g dom interval of sulfur
compound Wérage deviations of

various cofigou pliese and ethyl
sulfide arel iore thaj -r=-~‘1mentuﬂ deviation
(as shown in .Tahle 4. 3}}

of sulfur ﬂouﬂ gimlﬂ-lm:ﬁ wﬂllnjlacalizing

inside cycl Sulfur agom in thiophene onlys remains a

e QATARART RISHHHIA fhthoe v

two 1 palr electrons due to its straight chain
structure. Accordingly, the chance of ethyl sulfide
adsorbs on active site more than thiophene; as a result
hydrogenolysis of ethyl sulfide reacts greater than
thiophene. The analogous behavior of straight chain and
cyclic was reported by Schuit and Gates (1972) and
Satterfield (1980). They found that the reactivity of
R-S-R' was greater than thiophene. Besides, Obolentsev
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and Mashkina (1960) investigated hydrogenolysis of
organic sulfur compounds under conditions of
hydrorefining and pointed out that hydrogenolysis of
ethyl sulfide reacted easier than thiophene.

In addition, in studying performance evaluation
of hydrodesulfurization catalysts by distribution of
sulfur compounds in naphtha, Anabtawi et al. (1995)

stated that the reactivities of sulfur compounds

decreased in the order:\meré: > disulfide > sulfide =
thiophene > benzothiophene benzothiophene. This
also agreed with tHE ; ‘ greg. et al. (1979). It
was stated that the = 1

ere the least

reactive organos oleum and other

fossil fuels. :
After a su : ) addition interval, the

solution is swigChgd £ oFig al Y¥t~ feed. The

quantities of cogpoi

level. These resudt

activity is reverSifle .

e les\réach to steady-state
; ‘ t \\ hange in catalyst

2
.*‘ -

4.3.2 Structures Whigh Gonsia £ _Equal Carbon Atoms
but Différent Sulfur At v
The ut_,_-"“— -' consist of equal
carbon atoms buf] diffe ot are compared
between methyl sulfide (1 sulfur atom) and methyl
disulfide ﬁli m : in the product
compositicﬁﬂ s Iﬁzjm | mgian is shown in

Figures 4.20 to 4.26. The quantities of quipoline,

T Qw ngﬂ 'ﬁq%}ﬂ%@nﬁine are
decreaged while the quantities of
5,6,7,8-tetrahydroquinoline, o-propylaniline,
propylcyclohexane and propylbenzene are increased. These
results indicate that sulfur compounds inhibit
hydrogenation and dehydrogenation reactions but markedly
accelerate hydrogenolysis reactions. Methyl disulfide
has stronger effect than methyl sulfide, as shown in




o
]

70

o
=
T

o

@

=]
T

Weight of Quinoline (g)
=1 o
2 8
T

2

[

L=
T

- =]
TEEEE S
|

-:ue.aciﬁ'.f.lg
I!l’

0.20 L - s il G
12 30 114 126 138
24 36 108 120 132 144
O Avg. Ref. C2HES 4 C2HGBS2
Figure 4.20 7 : idg)and Methyl
ifle %;u \\:\ Quinoline in Samples
ﬁﬂ'.{ 7T '
o F"F"W“
E el = 5
o 090 d
E 0.80 |- ' .m
0. e -0 i _ u
“ & g @ n
a *--J&i o o-Fgimroll
- 070 o
o
z ﬂﬂﬁl??lﬂﬂﬁﬂwqﬂi
S 060 |
=
Yl "ol el i R Vs Tt e
Time on Stream (hours)
O Avg. Ref. - Max. Avg. — Min. Avg. m C2H6S A C2HB52

Figure 4.21 Effects of Methyl Sulfide and Methyl

Disulfide on Weight of

1,2,3,4-Tetrahydroquinoline in Samples with
Time



71

0.50

e

Y

wt
T

o
B
o
T
| |
>
|
B
]
>

Area of 5,6,7,8-THQ
o o
s &
]
[ |
I

e
[
3]

R
(=]

=1
&

o
£

Weight of DHQ (g)
[=)
a

o

o

%]
-
>

YV 24T % a w0 .o se e 108 20 ian 144
Time on Stream (hours)

O Avg.Ref. — Max. Avg. — Min.Avg. m C2HBS 4 C2H6ES2

Figure 4.23 Effects of Methyl Sulfide and Methyl
‘Disulfide on Weight of Decahydroquinoline in
Samples with Time



72

0.22
A
_ 018 | A
B NETLEY
T
g 014 | a®m
B L™
%uw-.g!m!leecgﬁeﬂﬂeng!i!!i
= 008 |-
0.02 i i i i i i L 1 i L i i i i i i i i
12 30 42 6. /7 102 114 126 138
24 oz 108 120 132 144
asrdr}
o Avg. Rer  ine s 'JEHEE A C2HBS2
Figure 4.24 E faftd i Methyl sulfide and Methyl

propylaniline in

9 24 36 48 60 72 B84 96 108 20 132 144
Time on Stream (hours)

© Avg. Ref. — Max. Avg. — Min. Avg. m C2HES 4 C2HES2

Figure 4.25 Effects of Methyl Sulfide and Methyl
Disulfide on Weight of Propylcyclohexane in
Samples with Time



73

0.06 i
0.05 ALt A
.05 A
s amhy duis
= 0.04 | ™ 5
o
Soos| WABEMCCocc0c e uagand i
5
0.02
=
0.01
0.00 -
12 114 126 138
24 120 132 144
o Avg. Ref A C2HBS2
Figure 4.26 E 5 fof fMethfl| Sul Fide and Methyl
: atah of opylbenzene in
Table 4.5. i fecrica edkp in that methyl disulfide
reacts to form hyd ru;»ji‘:; and hydrocarbons easier

than methyl sulflde .fgﬁki.{ k8l fide has two sulfur
atoms while 8 A :
addition, adsorpt le at the anion
vacancy on catalys : : of the high
electron density 1nside mnlecule (Houalla et al., 1977).

ey O MM TR, e

hydrugenoly is of methylgdi sulfide, reacts eagier than
that Q w@l}a‘iﬁ% %m}%gq@% of
structure whic ferent the number of sulfur atoms
was reported by Schuit and Gates (1973) and Satterfield
(1980) . They reported that the reactivity of R-S-S-R'
was greater than R-S-R'. Besides, Anabtawi et al. (1995)
studied performance evaluation of hydrodesulfurization
catalysts by distribution of sulfur compounds in naphtha.
They showed that the reactivities of sulfur compounds
decreased in the order: mercaptan > disulfide > sulfide

atom, In
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Table 4.5 Effects of Methyl Sulfide and Methyl Disulfide
on Various Compounds in Samples

* % *# ti
Compounds Cz H ES 2 cz H EE CZH 632 / Deviation
W ko
Czﬂss (%)
Quinoline -20.84 -16.62 1.25 -5.35

1,2,3,4-THQ | -18.1Q ‘ ) 1.32 -5.60

5,6,7,8-THQ 1.42%* 6.26

DHQ 1.29 -19.98
OPA 1.25 8.59
PCH 131 11.17
PB ol T8 . 1.38 9.19

* The average arga fracio \\\

** Average deviafign (f 4,, ch~- red with average
reference experfment at ; dd¥tion interval of sulfur
compound '

*** Average dev1atia-§5_l sulfide which compared
with methy] i9n interval of
sulfur cc‘f_ fvhat average
deviations™6] =tween methyl sulfide
and methyl disulfide are more thaf experimental

deviation (as shown in Table 4.3))

> I:hiophen% ﬂlﬂﬂn‘jm’lﬂim@me

Similar results were repdrted by @ates et al®’ (1979).
A SRR BT TR
1utiq:1 is switched to original liquid feed.
quantities of compounds in samples reach to steady-atate

level. These results show that the change in catalyst
activity is reversible.
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4.3.3 Structures Which Consist of Equal Sulfur Atoms
but Different Carbon Atoms

The effects of structures which consist of equal
sulfur atoms but different carbon atoms are divided into
two groups:

The first group consists of methyl disulfide (2
carbon atoms) and carbon disulfide (1 carbon atom).
The change in the produgt i@asition of quinoline
hydrndenitrogenatianﬁ:: =gs~ Fiqures 4.27 to
4.33. The quantitie
1,2,3,4-tetrahydroqy
decreased while t

ST
5,6,7,8-tetrahydrog 1’44/ - :5\' nillne,

ahydroquinoline are

propylcyclohexan® afic ..n. 1 - increased. These
results indicategfh ! ? L\- winhibit :
hydrogenation and #Meflydrogen tlons but markedly
accelerate hydrofenflgais. ; =) ethyl disulfide
has stronger effeg | ‘f;euf”u di‘* fide, as shown in

Table 4.6. This effegl can explain’ that methyl disulfide
reacts to form hydrog{k
than carbon disylf -~
methyl disulfi :
carbon disulfide-:

comparatively hja; reactivity of methgﬁ disulfide is

e s ASALISY el

kJ/mol, res ctlvely (Ch ang, 1994] Thus hy ogenolysis

T TArYT IR A

After a sulfur compound addition interval, the
solution is switched to original liquid feed. The
quantities of compounds in samples reach to steady-state

level. These results show that the change in catalyst
activity is reversible.

d hydrocarbons easier
hat bonds of
T2 B1TIgle DOTn ‘\T’ lle bonds of
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Juinoline in Samples

1,2,3,4-Tetrahydroquinoline in Samples with

Time
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The second grouprpongists of methyl sulfide (2
carbon atoms) and yi—sul i (4%carbon atoms). The
change in the product of quinoline
hydrcdenltrog na 4.34 to
4.40. The qu#i
1,2,3,4-tetra'-~?a, ahydroquinoline are
decreased whil:m.ha quantities of j

5,6,7,8-tetrahydmoguinoline, @+ ﬁglanlllne,

Prﬂpylcyclﬁ%H ’a}%ﬂ%@ %ﬂ ‘icreased These

results indiicate that sulfur compounds inhibit

::::zzim:aﬁmmmmmi el

less e fect than methyl sulfide, as shown in Table 4.7,
This effect can explain that ethyl sulfide reacts to form
hydrogen sulfide and hydrocarbons more difficult than
methyl sulfide as a hindrance effect. Ethyl sulfide
which has longer in chain than methyl sulfide restricts
its access to the active site on the catalyst surface.
The hindrance effect caused by this longer chain is
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Table 4.6 Effects of Methyl Disulfide and Carbon
Disulfide on Various Compounds in Samples

Compounds CEHESE** CS, ** 2 Eszf Deviation
Cs, (R) Hx¥
Quinoline -20.84 -11.04 1.89 -12.64
1,2,3,4-THQ -18. lﬂ 2.27 -12.70
5,6,7,8-THQ 2.54+%* 12.66
DHQ 2.15 -47.01
OPA 1.89 20.63
PCH 2.39 27.58
PB 2.50 20.11

* The average &rge {w oo ‘

** Average deviay (%) @hich’ compered with average
reference exper addition interval of sulfur
compound [

*** Average deviation bon disulfide which
compared wi th.- L an addition interval
of sulfur '-.:._:._';:_-____..;,.L:_L._._;;i v that average

deviatlon.bﬂ #een carbon
disulfide a more than

experimenta deviatiun as shown Table 4.3))
expectea @u&am&m ) ATk o e
sulfide. analognua %ehav1or of hindran

S B AT AT At e

thiaphene, presumably by hindrance effect, and their
experimental results confirmed that
4,6-dimethyldibenzothiophene was 10 times less reactive
than dibenzothiophene, whereas 4-methyldibenzothiophene
was approximately 6 times less reactive. Satterfield
(1980) also reported that the reactivity of R-S-R'
decreased with increased molecular size. Besides,
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Table 4.7 Effects of Methyl Sulfide and Ethyl
Sulfide on Various Compounds in Samples

* & * % i
Compounds C,H.S C4H S C,H S,r' Deviation
* k&
C4H1DE (%)
Quinoline -16.62 -13.39 1.24 -4.01

1,2,3,4-THQ -13.73 puN R IFIY 1.32 -4.08

5,6,7,8-THQ 1.50% 5.17
DHQ 1.37 -15.60
OFA 1.34 9.83
PCH 1.46 12.72
PB 1.58 10.00

* The average ‘arga Fratip. ‘

** Average deviagh (% b2 vl compared with average
reference experime 4—,5—@; addition interval of sulfur
compound S "E

*** Average deviatin sulfide which
compared v ' a dditicm interval
of sulfuricbmg ::7_,.,.1.1-._.-_-...;.:‘:fse- that average
deviations V ,?,,‘ een ethyl
sulfide and]iet ore than
experimentat dev:l.atit.m {as shown ¥n Table 4.3))

ﬂ‘lJEI’WIEWIﬁWEI']ﬂ‘i
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