CHAPTER IV

RESULTS AND DISCUSSIONS

In this study,
into three sections.

eriments are classified
"' jminary experiment is
conducted to find f - condition. Second,
repeatability e :
the repeatabili
deactivation ey

onducted to study
Third,
ducted to study
ytic reforming of
hexanes on commejy £ 1220\ RALYst.

The fedfs gl Be "= o 1"‘_: najor compositions
of hexanes are ¢ n- 1 &u ot
42 ‘ Wexane isomers
approximately 2.#5% ;.,:; -“E-».ds are used to
doctor the feedsta ol
They are pyridine,
1,2,3,4-tetrs

methylcyclopentan,

c®.vation experiment.

5 pyridine and

pyrrole. Allj ,; Ry} ytical grade
from suppliers mictant are shown in
Chapter III. ®tails of feedstocks ai operating
condition of eack eriment e iven in Tables 4.1 to
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Dufing each experiment, liquid samples are taken

::zmmaﬁszrimﬁmméf  m

analy es. The liquid samples are analyzed for their
composition by gas chromatographic analysis technique.
The outputs from chromatogram show unconvert n-hexane,
methylcyclopentane and products from the reactions. All
the compositions are identified by comparison with
standard retention time.



Table 4.1 Procedure of Preliminary Experiments
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Feedstock:
Feedl - Hexanes + 10 ppm Cl as CH,Cl,
Operating conditions:
LHSV (hr™t) - 5
Catalyst - 1 gram dilute with inert glass beads ratio
Sampling - every :

Condition variables: ' 1
1. Pressure 100 p=al

My - ra s -* Hy:H/C mole

2. Pressure 100 0 I L e H - : H/C mole

—

3. Pressure 200 e N AR
4. Pressure 200 2™ A iin\x;
5. Pressure 1090 .

&. Pregssure 10
7. Pressure

M)
Table 4.2 Pr ed

Feedstock:

BT

FeedI Bf Hexaries

Operating cnnditio S:

:H/C mole
:H/C mole

2:H/C mole

-H/C mole

ratio
ratio

ratio :

ratio
ratio
ratio
ratio

3:1

6:1
B:1
6:1
6:1
9:1
6:1
i:1

: 'J-\ :H/C mole

.{i

nariments+

S RUEATE RN

Temper@Jure | 450

ﬁﬁﬁaﬁmmﬁmmmaﬂ

* Experiments are called Refl, Ref2,

and Ref3,.
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Table 4.3 Procedure of Deactivation Experiments

Feedstocks:

Feed I - Hexanes + 10 ppm Cl as CH,Cl,
Feed II - Hexanes + 10 ppm Cl as CH5Cl, + 10 ppm N as
nicrogen compounds
Cperating conditions:
Temperature ( °C)
Pressure (psig)
Hy :H/C mole raciSe.
LHSV (hr™ 1)
Sampling
Switch feedstocksyg

Period I { 0 - 48 hrs)
Period II 49 - 72 hrs)
Period III { 73 - 96 hrs)
Period IV 97 =120 hrs)
Period V (121 -144 hrs)
The integrfigZ = #n the chromatogram

are used to calculate on of compounds in

samples. Thexgop i da in sample is

used to calcl=e =i ct components in
y- "!“ ‘

sample by; - -

v o ol

Weight (%) of¢gach productggomponent

A %}Wﬁ"iﬁﬂﬂﬂﬂﬁm S
Q W] AINIUNNIINYINY

Wweght (%) recovery = 100 - Weight (%) loss

Weight (%) loss = wei - weight X 100%
Feed weight

Conversion of n-hexane is then calculated by
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Conversion of n-hexane is then calculated by

Conversion of n-hexane & (e = C.) X 100
Ctu
where
C.n, = Weight (%) i Fjane in feed
C. = Weight ' in sample

Conversid™® — % % ;nw;::-ne is calculated
Rl Of n-hexane.

From t] _f' eaction products
in liquid sampl ) _ \ 1#-::“ (2,2-DMB) ,
2,3-dimethylbutay & v%a.\:FV pentane (2-MP),
3-methylpentand 4 '
(MCP) , benzene,

AN T cyclopentane
(EB) , xylenes and

From the ‘.7 a - 'ﬂ- survey, the reaction
network in this st#qyaassdi-s 1M Figure 4.1. The

results indicate thasl® gmerizes to four isomers

(i.e. 2,2-DME W\ ‘ Ljyclize to two
naphthenes {.Vy; f¥"') ocrackes to
cracking prndu~'~ -g-. the four hexane

fe to n-hexane, cyclizé®to the naphthenes

iiiﬁ‘iii‘:ﬁ“ﬁﬂ ARSI

Ssimilar re$hilts were obt ined by Christoffel (1979). He

:::ﬁmmmmmimmaﬁm o

Moreover, the above results indicate that the
five member ring naphthene (MCP) isomerizes to the six
member ring naphthene (cyclohexane) and hydrodecyclizes
to both n-hexane and four hexane isomers. Cyclohexane
isomerizes to methylcyclopentane, hydrodecyclizes to both
n-hexane and four hexane isomers and dehydrogenates to
benzene.

isomers isomer]
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Xylenes

Figure 4.1 Reaction Network of Catalytic Reforming

of Hexanes on Commercial Pt-Re/Alumina.
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In addition, the higher aromatic compounds are
occurred such as toluene, ethylbenzene, propylbenzene and
xylenes. Speight (1991) previously proposed that the
olefin polymerization can be taken place on the acid
catalyst sites. Since the straight-chain paraffins are
converted into isoparaffins by proceed through the
olefins. Therefore,
the olefins from ot

vfrom these reactions and
for example partly of
of n-hexane)

Then, CZ 705 48 "ru;f cyclohexane and its
derivatives suaie 4 o, £ nuj thylcyclohexane,
propylcyclohexa o —#F S8l o e s | Then, these
Cz-ring naphthen " 4 F, i = g '_ ' uzene, toluene,
ethylbenzene, #oF 8 B (= (RIS, respectively.
The aromatic condloiy ;j'[ 7 M derivatives) also
hydrogenate to thff el X W W\ar whole reaction
patterns have be ‘ ed in several papers
as mentioned abovel this result is not
detected. It converZZZiF/i i in close to 100%
efficiency on er s Litalyst
{Kirk-othmer,‘;{ Y ] obtained by
Marin and Fro =-* 4 JRforming of C,

hydrocarbons o 'a Pt-Al,0, catalyst “ ey found that

cyclohexan ydrogenation
of cyclchﬁaﬁe E cgr Shdly :

in this stusy is paraffln (n- h

{espgmeammmﬂmmm:?

arnma ic compounds show the dehydroisomerization or
aromatization reaction, the hexane isomers show the
isomerization reaction, and the cracking products show
the hydrocracking reaction.

From the results in the first 48 hours of
reference experiments, the total weight loss is 56.8% (by
weight), the weight of n-hexane is 11.3%, the weight of
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methylcyclopentane is 0.76%, the weight of four hexane
isomers is 15.8%, the weight of benzene is 6€.07%, and
total weight of the higher aromatics is 4.18%. In this
study, the blank test preceeds the reaction with the same
operating conditions of other experiments but without the
catalyst. The weight loss of the blank test shows the
welght loss of n-hexang OdRep

It found that the weg l[
which correspondigaSesg

aporize into the gas phase.
Pahe blank test is 32%
jom vapour-liquid

equilibrium calclNE-————  h  " ﬂqii program.
Therefore, the WeI g ‘lu'.}fﬁﬁi-Cking products are
obtained by the F #£4/F f‘,°.ﬂv,:' the total weight

loss and the wey
weight of hydrogg

est. Thus the
4 \ WRoroximately 24.8%.
The last 5.09%# " o= -8 Sher compounds
that slightly ey s " Sida x“x_ cts. The weights
of all products agf fd ;,‘: Hﬂ'%‘ weight of feed.

Table 4.4 The Weigh#ZZRaji<d and Products in the
i(1 ' i £jperiment.

Y |

Weight (%)
in products

9¢5'

Hethy yclopentane
Cracking products

ma«amummm el

'1gher aromatics 4.18
Trace of other compounds - 5.09
Lost by Vapour-Ligquid

D 76

equilibrium - 32.0




61

For clarity, all products in this study will
categorize into four groups. First, products from
cracking reaction and flow concurrently with gas sample
are grouped together as cracking products. Second, all
C¢ molecules that are hexane isomers categorize as
isomerization products. Third, benzene is the main
aromatic product. The
aromatic products wi

Jipher aromatics" represents
gon of benzene.

/ alyzed in the point

:h‘h;ﬁghts (%) of the

Therefore,
of conversion (%)
products.

'agducted to find a

suitable opera perature,
pressure and H,:J _ NN rming reaction of
hexanes. The exps __‘; ', . \ to two parts.

Part I, '

pressure, temperatuf

emperature and

ind 450°C, and pressures
are 100 psig and 200 527k _”, .ects of temperature
and pressure J' efip 4.7. The data
are given in L;f Iri}, From this
set of experimeg .-, pefiiture and pressure
are chosen.

mthylcrclﬁersmﬁﬁw ﬂwgﬁiﬂeﬁm presented

in FiguresY.2 and 4.3, r spect:.vely The re&)ﬂ.ts

;:immﬁmm WIANEIND...

clearl higher than the conversion at lower temperature
(400°C) . At higher temperature, the difference of
pressure 100 psig and 200 psig are not significant.

Similar result is obtained in the weight (%)
loss. The weight (%) loss, as shows in Figure 4.4, at
higher temperature is also higher than the weight loss at
lower temperature.
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Figure 4.3 Conversion (%) of Methylcyclopentane with Time
(The Effects of Temperature and Pressure)

Conversion (%) of methylcyclopentane
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Flgure 4.5 Weight (%) of Isomer Products with Time
(The Effects of Temperature and Pressure)
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Weight (%) of benzene product

== P=100, T=45 § P=200, T=400

Figure 4.6 v Ay | —— HEL' Rct with Time

re and Pressure)

@
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T
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I

=]

1‘ 1 .
Time nn stream (hours)
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eight (%) of higher aromatic products

E‘lgure 4.7 Weight (%) of Higher Aromatic Products with Time
(The Effects of Temperature and Pressure)
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The weight (%) of isomer products, as shows in
Figure 4.5, at higher temperature are less than the
isomer products at lower temperature. Goble and Lawrence
(1965) previously described that the chloride alumina
readily isomerized paraffins under relatively mild
conditions because of their high activity.

The weight (%) p 2P ):je. as shows in Figure
4.6, at higher tempegs ‘ v r than the weight at

lower temperature literature survey,

the selectivity @ = . hen the

temperature inc . -l1e benzene weight
at higher presss Moenzene weight at
s (%) of higher
aromatics, as shogf S8 JHC S WS\ ower pressure are

higher than th 7 4 A A\  ¢ Me. 1In addition,

lower pressure.

RSN er pressure are

Therefor e sy W ctature and pressure
are 450°C and 100 pBidGaEss -

Part II, studzZugjidl

of H,:H/C mole ratio,
are 9:1, 6:1, /g ;

£ jH/C mole ratios
¥ Jdata are given
in the Appendlx. - efibuitable H,:H/C
mole ratios are™thosen. -

- ﬂﬁ?ﬁg WA NG o

mole ratio@ncrease. 51m lar result is obtained in the

°°“ﬁﬁ'iﬁ§ﬂiﬁﬁﬁimﬁm%ﬂ“““

hydra rbon mole ratio are 9 > 6 > 3. Because the
selectivity of cracking products increase when hydrogen
to hydrocarbon mole ratio increase (Gates, Katzer, and
Schuit, 1979). Corresponding to the weight (%) loss, as

show in Figure 4.10, the order of weight loss are also
S > 6 > 3,

are plotted ij ;f

Moreover, in Figures 4.8 and 4.9, the hydrogen to
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Figure 4.8 with Time
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Conversion (%) of methylcyclopentane
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Flgure 4.9 Conversion (%) of Methylcyclopentane with Time
(The Effects of Mole Ratio of Hydrogen:H/C)
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E‘J.-:;ure 4.11 Weight (%) of Isomer Products with Time
(The Effects of Mole Ratio of Hydrogen:H/C)
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Weight (%) of benzene product

Figure 4.12 ¢ F ?~:-d ct with Time
' ' \ jo of Hydrogen:H/C)

eight (%) of higher aromatic products

W

Time m}strearn {hnum}

qm ANTNTANYIAY

E‘igure 4.13 Weight (%) of Higher Aromatic Products with Time
(The Effects of Mole Ratio of Hydrogen:H/C)
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hydrocarbon mole ratio of 3 is seems to be rapidly
decline with time. Because too low hydrogen to
hydrocarbon mole ratio will be increased the catalyst
deactivation rates because of coke laydown on the
catalyst (Ciapetta et al., 1958).

The weight (%) of isomer products, as show in
Figure 4.11, increase whj

1ydrogen to
f oThe weights of isomer
g order of H,:H/C

.¥'s Mﬁ_H:;; ts to the weight
e 05 show in Figures

hydrocarbon mole rat,
products are incre
mole ratios are
(%) of benzene
4.12 and 4.13, AN ts are also 3 > 6
> 9. Low hydrogd ; e Elhl" MENratio increase the
aromatization re v y ‘_ : fﬂ-x gy and Schuit, 1979).
The H,:H/C mol N\
The results alsqg

constant weight.
io of 9 is the

lowest weight o benzene and higher

aromatics.

Therefore,| i (¥ogen to hydrocarbon
mole ratio is 6.

From s{;f preliminary
experiments, ;{ fy'jtions are as
follow: the tenm S mressure is 100

psig. 'f ’ -

3 Rmﬁ%ﬂ?’}%‘l BRSNS

§krence experlments are conducted to find

AR S e - -

also 8onducted at the same conditions as the operating
condition chosen, to verify their repeatability and to
find their average results. The data are given in the
Appendix (Tables 7A to 12A). The average maximum and
minimum deviation (%) of reference experiments are
summarized in Table 4.5.
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Table 4.5 The average maximum and minimum deviation (%)
of reference experiments

Average deviation (%] of reference experiments
Maximum | Minimum
Conversion of n-haxane 1.81 ! 2.02
Conversion of MCP 1.64 | 1.44
Cracking product " 8.65
Isomer products ‘ 6.32
Benzene product 4,89
Higher aromatic products | 5.16

Average
as basis resulj

periments are used
AR _ time for
comparison with g : R i ment .
From the vy r:hf s %ady state operation
' ' A% Fotal time to
. 144 hours. The
conversion (%) \ 27 from 87.98% to
77.28% and conve :
from 92.20% to 83.
The converegﬁﬂswjgzﬁ
corresponding g

lopentane decreases

jexane decreases

the main of
aromatic proc ; :"J talyst activity
is lost. OstrgesH PrmM 1ously suggested
that the main m#ason for the deactiva®don of reforming
catalysts was cofemformation @Ad coke was deposited on

wotn suo@i{I8)6) WRIVITIRIAT) Foo pracinun

function afcivity decreased because of loss of platinum
dis J,crﬁ ﬁ oss
be:ﬁwﬁtﬁﬁﬁﬁmm ﬂm %J saraf,
19581

Myers, Lang and Weisz (1961) proposed that large
paraffinic molecules quickly deactivated the catalyst.
They suggested the deactivation mechanism as follows:
Initially, unsaturated reaction intermediates
were formed mainly at the platinum sites. These
precursors were then reversibly adsorbed on the platinum
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and migrated to acid sites where they were irreversibly
adsorbed. These adsorbed precursors can then polymerize
to form the cokes having several double bonds per
molecule. The polymerization process was viewed as the
rate-limiting step, being slower than the platinum-
catalyzed reaction and also slower than the process of
transferring the precursgili @ p the acid sites.
Nevertheless \
products. In thescWas

§c produce many kinds of
:-H_ﬂi#f-ified to group of

- ures and path w
~—— : P ays
/ - o cracking, hexane
isomers, benzepsf . /i SN MR roduct s .

products by diffe .
a—

of reactions.

4.3 Effects of nj

Deacti
influence of eagy catalytic
reforming of hexa, {4 of n-hexane and
methylcyclopenta# Af®=ach product group
(for example cracki#fig eMene and aromatic
products) are compargs

experiments. (™

aJe result of reference
There ;, by £ nitrogen
compounds in I meir features, such
structure and basic® In the
deactivation exp€uapents, theQ@ffects of nitrogen

conpounas@IRIFH HNTNEIARS on ee-reranio,

commercial@fatalyst are categcrlzed to studies the

YRR Firqukirabri

- The effects of stearic hindrance.
- The effects of ring saturation.
- The effects of basicity.

as characterisss

The results are compared with the average
reference experiment result. The data are given in the
Appendix (Tables 13A to 18A).
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The each of deactivation experiments will devide

to five periods that;

Period I :The feed is Feed I which contain 10
ppm chloride as CH,Cl, and keep steady
state proceeds for 48 hours.

Period II :The feed is Feed II which contains 10

‘P J=p as nitrogen compounds

goride as CH,Cl, and
eds _______.,,....- ours.

Period — | i proceeds for 24

and proceeds for
Period V y DA, and proceeds for

From the -3'j : :3 }3" rvey, the alumina
support may have |, -."_:‘ o ) ag; incorporation of
chloride into th ' nitrogen compounds
which present in t#fg ®rted into ammonia

under reforming condigs is neutralizes acid

fioceeding through
!.:"; um chloride that
removed chloricm ¥ I halogen could be

sites on the =

=

neutralizatio ;.-’

replaced and -+ be restored by adding*small amounts of
an organic chlorfdeato the fe@dstoc e results are

suvorce @ UHIQ ) HNFWRAF Foceor oo

Schuit (199p) ; Satterfleld (1980) ; Cocchetto and

RN Shssiimain ﬂm&r

hours thh can be divided into five periods.

effects of all deactivation experiments are plntted in
Figures 4.14 to 4.19 and the data are given in the
Appendix (Tables 13A to 18A). The first period is the
first 48 hours of the experiment and proceeds with only
the feed solution. In period II, the feed is feed II
which contains nitrogen impurities proceed for 24 hours.
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The deviation (%) of deactivation experiments in period
II are compared with the average reference experiment and
summarized in Table 4.6 and Table 4.7.

Table 4.6 The Deviation (%) of Conversion in

Deactivation Experiments from Average
Reference ExpsBiE it

Conversion Ji_average reference
of g DMP | 1234-THQ | Pyrrole
n-Hexane a3 -28.10 -4.74
Methylcyclopentanss ‘ -24 .62 -4 .29

Table 4.7 The L (¥) of Product

Groupsy Reriments from

Product groups IR W\ aVerage reference l

ne 1‘: P [1234-THO| Pyrrole |

Cracking & — .51 -52.42 -21.26
Iscmers 85 Pt 2%.95 -13.58 20.13
Benzens — == 3.20 -40.04 6.39
Higher aromati ~ i .32_ -94 .32 -50.27

7 Y]
The coOipd=% = and
methylcyclopen“* e are sharply decrea®™d with time by

loss of activity€qf, the catalQd The maximum effect is

12,3, - A SRV FINIAE) Frverion ©

of n-hexan@ and methylcyclopentane from average reference

ﬁiﬁﬁ%ﬁﬁﬁ&ﬁmﬁﬁmﬁ 4 ot

n-hexdne and methylcyclopentane from average reference
approximately 4.74% and 4.29%, respectively.

In period III, the feed is feed I which unpresent
of nitrogen impurities. The conversion (%) eventually
regain to the former level of activity of average
reference. The further experiments in period IV and Vv
are the similar results as period II and III,
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respectively. However, there is a difference in behavior
of the various nitrogen compounds.

Moreover, the effects of nitrogen compounds to
the reforming reaction are considered by distinguish of
product groups.

In the case of weight (%) of cracking products,
that is main of reacticg 81F ) jxane. The weights (%) of
cracking products in ﬂ goeriod are lower than

the average weight ZSeeaENF=fert H_,_ﬁsveriments The
maximum effect 1 W -e-c ; _1:1_ quinoline., The
minimun effect IS o, 2 y pyrrole. These

results show thk re highly affected
on cracking rea,

The weigl, , AW Natics are
significantly #FL- g0 F K (= 'kﬂ chL ities. The
weights (%) of & s WM tivation period
are lower than th ' -_' . \ H;  reference
experiment. The , i Wt reased 94.32% by
1.2,3,4-tetrahydroiii5£§ nimun effect is
decreased 50.27% by piZie g the previous mention
in reaction By o)1 the olefin
polymerizatiofw i¥"}n be taken place
on the acid cas"*‘ ok ins.

¢ -paraffins c™lize to cyclohexane a™i their's

:::::z::ﬁ ARV

aromatics fke suppressed‘py decrea51ng of cracking

YRR, AngIRg

we1gh (¥) of isomer products and benzene. The hexane
isomers in deactivation period are higher than the
average weight of reference experiment. Because the
nitrogen compounds highly affects on cracking reaction
which is the main of reaction of n-hexane and proceeds on
acidic function. The acidic function is suppressed by

nitrogen compounds. Thus isomerization reaction increase
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by proceeds on metal function. This result is supported
by Sterba and Haensel (1976). They concluded that the
slowing down of the faster reaction accentuates the
participation of an otherwise slower reaction.

The effects on the weight (%) of benzene depend
on the type of nitrogen. In the case of pyridine and
quinoline effect on the of benzene product.
The weight (%) of be are higher than the
average weight of e E.J_,ﬁn? t in the initial
time of deactiwva
to 19.25% and 1
peison by 1,2,3

line approximately
the case of
1 eight (%) of
SoMAately to 40.04%
but the poisons Y Vs, =49 | W e and pyrrole have
not significan: W he diferent
effects dependin cture.

These res: e addition of
, deactivation. The
catalytic deactivalfiolfifbes s =8 conversion of the
reactant. The poisoniZis

benzene simulteay

nitrogen compoun

pf nitrogen compounds on
n-hexane refo™yiz er we{Fature of their
types and str v Y|

4.3.1 %he effects of number & ring.
The effedtm of numberQdf ring in nitrogen

conpounas (@ I 90 BI PNFIEI A8 Feno wsing

feedstock @bntaining quinoline and feedstock containing

b NPT gk it L

paren compound. The effects of number of ring are
plotted in Figures 4.20 to 4.25.

Figure 4.20 shows a comparison of n-hexane
conversion (%) in the presents of pyridine and quinoline
with average reference experiment, at any time taken.
The figure shows that introduction of 10 ppm nitrogen as
nitrogen compounds in period II gradually decreases the
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conversion (%) of n-hexane. Pyridine eventually decrease
the conversion (%) of n-hexane in period II approximately
20.86%. The result is not significantly differ to the
result of quinoline that decrease approximately 20.34%.
The difference in conversion of n-hexane fall in the
experimental error range. Figure 4.21 shows the
conversion (%) of methv pjentane gradually decreases
similar as the convex ‘ '

‘ While pyridine
decreases in the ccg on £ cyclopentane with a
small higher thai .

Alternam iod III shows' the
recovery of n- _ ‘ e
methylcyclopentg VS N early level of
the average rete: g f F | \ 57_5';se results indicate
that the nitrogf S 4 (e &\ 2”*;;”nle poisons.

> E_ S\ -omparison of the

effects of number ff fFd@ g ) EQ, isomerization and
aromatization pr JIAIA hows the weight (%)

of cracking produclt {Eas aM®ally decreased in

deactivation pericd,,ﬁégﬁf__: b shows the weight (%) of
isomer produchg i Ve g . The hexane
isomers in ;‘ 1“-:.6' than the
average weight - m Figure 4.24

shows the weigFF (%) of benzene produd®®s in deactivation
period. The weidhs, (%) of bef#ene product are higher

than the ﬁ%@%%%ﬁﬂ%%@t in the

initial tigp of deactivation and follow by decline

AR A AN e

aromaflic products which are rapidly decrease in
deactivation period. Higher aromatics are suppressed by
decreasing of cracking reaction and olefins
polymerization on an acidic site.

From the results, all of the product groups are
affected by the impurities but these effects have not
significant difference between pyridine and quinoline.
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The difference in deactivation results are falled in the
experimental error range. Thus it is difficult to
conclude that the addition of aromatic ring to pyridine
has any difference effect on the deactivation of these
experiments,

In the mechanism of deactivation, Speight (1991)
reported that organic nj
into ammonia under r

ompounds were converted

FMations and neutralizes
.“-dﬂla volatile ammonium

acid sites on the o
chloride. In ge
heterocyclic ri
first saturate

.;Eh_;; trogenation of

B Srucyclic ring was
™ire at a C-N bond.
amine or aniline
y 1976) . With

_-ﬂ d to piperidine,
M¥pentane plus

Nitrogen was rei
as ammonia (Cocch
pyridine, the 3
which forms, in j
ammonia (McIlvrieg,

In the ca
occur but a greate|

m.ogous reactions

; ediate compounds
were formed. These ?ﬂﬁﬁ?ﬁﬁﬁi

1.2,3,4-tetrah;-w ' -;ﬁahydrcquinoline,
and decahydro Y fyjcracking to form
aromatic and saw y mihd then cyclic
hydrocarbons.

e overall reaction neswork was
relatively compldiexSatterfieRd¥ and Cocchetto, 1975).

SREINENINETN

The ef!ects of stearic hindrance.

_AamEmsae A S

feedsﬂbck containing pyridine and 2,6-dimethylpyridine,
respectively. Pyridine is nonstearic hindrance in
structure while 2,6-dimethylpyridine is stearic hindrance
in structure. The effects of stearic hindrance are
plotted in Figures 4.26 to 4.31.

Figure 4.26 shows a comparison of n-hexane
conversion (%) in the presents of pyridine and
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2,6-dimethylpyridine with average reference experiment,
at any time taken. The figure shows that introduction of
10 ppm nitrogen as nitrogen compounds in period II
gradually decreases the conversion (%) of n-hexane.
Pyridine eventually decreases the conversion (%) of
n-hexane in period II approximately 20.86%. The result
significantly differs ssult of

approximately 13.33%.
s show that
eventually decreases
e approximately

\ ects are differ
from effects by g 4 A _H o approximately
21.36%. While p: 5

2,6-dimethylpyridine

From FigupcSs
introduction of
the conversion
9.18% from aves

WhZconversion of

n-hexane and m y i o5 ﬂlh,‘;rh han
2, 6-dimethylpyri A% Wd 2.32 time,
respectively. \ N3

Figures 4 Pere & comparison of the
effects of number *Tﬁf}“tw~ kMg, isomerization and
aromatization produqrgg-—ﬁ

of cracking -g

28 shows the weight (%)
{ \decrease in
1;.?he weight (%) of
fod@ The hexane
isomers in deacWivation period are hig¥er than the
average weight of seference efderiment. Fi re 4.30
wrows LI E) Q VI LLAF LIRS soncivacion

period. TRE weight (%) of benzene product are higher

:::tﬁ*mtmmm'fﬁmmﬁw

Flgur 4.31 shows the weight (%) of higher aromatic
products which are rapidly decrease in deactivation

deactivation V
isomer productsem

period. Higher aromatics are suppressed by decreasing of
cracking reaction and olefins polymerization on an acidic
site.

From the results, all of the product groups are
affected by the impurities. Stearic hindrance effects
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have significant difference between pyridine and
2,6-dimethylpyridine. These results show that
2,6-dimethylpyridine is lower effects than pyridine. The
difference in deactivation results are higher than the
experimental error range. Although, the basicity (base
upon pKa and proton affinity as show in Table 2.5) of
2,6-dimethylpyridine ig han that of pyridine.
These result * gined by the basicity of
nitrogen compoundsg dso fﬂ:::ﬁ idic sites of
catalyst. The al™™ I f;H;L; compounds on the
catalyst that oC ‘ oS
p-bonding of t

om rather than

L rogen atom of
?f group as that of
2,6-dimethylpyri o F F%: ) W Mes that increasing
stearic hindr f Fiv (= AR ,uy creasing
inhibition effeg |

pyridine does 1

4.3.3
The effect
compounds are observ
feedstock coq?

uration.

at™on in nitrogen
oo experiments using
1,2,3.4utetrf1F; iY')'. The effects
of ring saturatgs Omes 4.32 to 4.37.

Figure 32 shows a compariso™of n-hexane

conversion (%) resent@fof inoline and
e LTI T E TR .

experimentQ) at any time taken The flgure shows that

;:i'zmmmmwrﬁmma g

n- hex ne. Quinoline eventually decreases the conversion
(%) of n-hexane in period II approximately 20.34%. The
result is significantly differ from the result of
1,2,3,4-tetrahydroquinoline which decrease approximately
28.10%. The difference in conversion of n-hexane is
higher than the experimental error range.
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From Figures 4.33, the results show that
introduction of quinoline eventually decreases the
conversion (%) of methylcyclopentane approximately 15.10%
from average reference. These effects are differ from
effects by 1,2,3,4-tetrahydroquinoline which decreases
approximately 24.62% while 1,2,3,4-tetrahydroquinoline
decreases the conversi

methylcyclopentane hg Fgnoline about 1.38 time
and 1.63 time, resr - ‘ﬂ"'

Alternat & fe3 p—".riod III shows
recovery of the b3 e o/ and
methylcyclopent AN _-' early level of
the average ref 4#¥n. E= o  5¥ ™ results indicate
that the nitrogergdl: ) ‘_"ifble poisons.

% Wnparison of the
_ A isomerization and
aromatization proff gk A ah-hows the weight (%)
of cracking produ®t AN AWt 1y decreased in
deactivation period S, sMows the weight (%) of
isomer products in dez=j ] griod. The weight (%)
of isomer pr-aL & "4 ;ﬁriod of
gquinoline are v f¥'joht of reference
experiment but =& e products in the
case of 1,2,3, 4% etrahydroquinoline is™hot higher than
the average weigltemf referend@ exErlm

SR VT IR FT1G oerece

products 1ﬂndeactlvat10n eriod of gquinoline. The we1ght

o ARIRIS T el ),

deactfration and follow by decline but the weight (%) of
benzene is obviously decreased approximately to 40.04%
from the average reference experiment when introduction
the feed contains 1,2,3,4-tetrahydroquinoline into the
reactions. Figure 4.37 shows the weight (%) of higher
aromatic products which are rapidly decreased in
deactivation period. Higher aromatics are suppressed by
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decreasing of cracking reaction and olefins
polymerization on an acidic site.

From the results, all of the product groups are
affected by the impurities. Ring saturation effects have
significant difference between quinoline and
1,2,3,4-tetrahydroquinoline. The difference in
deactivation results areydlfgr than the experimental
error range. These ‘ ""“te that
1,2,3,4-tetrahydrod 4 A . effects than
quinoline. The @

Jg,h_h‘-tion can be
explained by ths e 0f nitrogen
compounds. In g -

saturated, foll,

ring is first

. a C-N bond to

" Wgtion of catalyst.
In the case of ¥ s - Wad ine is the
nitrogen compourdl g §F A A that can be
hydrodenitrogenat/ i (10 e ) Girgis (1991)
proposed that, i F: Vlf;iwr UE- bond energy in a
typical heterocyclif iiasi -
carbon-nitrogen doub*ﬁ?é%ﬁiﬁf
carbon-nitrogeg g '

form ammonia and

mose to that of
gaction breaking the
ef\to have a high
,;#worted by
Streitwieser alsd ¥ Yimogenation of the
heteroring was‘#-quired Lo reduce the ™elatively large
energy of the cashep-nitrogen@onds in such rings and

permic wofl] YA PHAFRHANNFooion  me

energies of] carbon-nitrogen double bonds and single bonds

were ﬁﬂéﬁiﬁﬁﬂmwﬂgiuﬂ ion

was flrst hydrogenated. These products are included
1,2,3,4-tetrahydrogquinoline, 5,6,7,8-tetrahydroquinoline,
and decahydroquinoline, followed by hydrocracking. Maxed
(1551) proposed that the slow hydrogenation rate of
heterocyclic nitrogen compounds itself being a
self-poisoning effect due to the obstructively long
adsorbed life on the catalytic surface.

T ——

activation en)
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4.4.4 The effects of basicity.

The effects of basicity in nitrogen compounds are
observed by comparing experiments using feedstock
containing pyridine and feedstock containing pyrrole.
Pyridine is a basic nitrogen compound while pyrrole is a
nonbasic nitrogen compqusilldFhe effects of basicity are
plotted in Figures 4.0 \I}

Figure 4.39W a Claleon of n-hexane

?S‘”thf%éa:‘.dine and pyrrole

PR B dny time taken.
: ™) ppm nitrogen as
ly decreases the
EhZeventually
‘.M: in period II
A W onificantly aiffer

conversion (%) i
with average res
The figure show
nitrogen compouig
conversion (%) of -
decreased the g
approximately 20

to the result o approximately
4.74%. .

From Figurif ise : s show that
introd i £ IOl ia By decreases the
introduction of py 9ﬁﬁﬁ£§§£

conversion (% . ximately 4.29%

— -
- -

i} differ from

effects by py ih -f% Ooximately 21.36%.

Pyridine decreagls the conversion of nhexane and

methylcyclopentang dgigher thamgpyrrole about 4.4 time and

4.97 time, ﬂﬂ:{s ﬂﬁ?wﬁlf}ﬁ.ﬁhﬁ
fit3y

introducti PYTX slightly declines the conversion

(%) of n-hexane an Y. A v
QRANIRIAHTINGARY. ooc
effect of basicity cn‘cracking, isomerization and
aromatization products. Figure 4.40 shows the weight (%)
of cracking products which are gradually decreased in
deactivation period. Figure 4.41 shows the weight (%) of
isomer products in deactivation period. The hexane
isomers in deactivation period are higher than the
average weight of reference experiment. Figure 4.42
shows the weight (%) of benzene products in deactivation

from average
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period. In the case of pyridine, the weight (%) of
benzene product are higher than the average weight of
reference experiment in the initial time of deactivation
and follow by decline but the weight (%) of benzene
product has not significantly effected when introduction
the feed contains pyrrole into the reactions. Figure
4.43 shows the weight Jigher aromatic products
which are decreased g ' g0 period. Higher

aromatics are supp Lo ng of cracking
reaction and ole e— e

From th
affected by thsg
significant difyg A= \ and pyrrole.
These results shy F F ’ \ S\ ' er effects than

ffects have

pyridine. The W & J BT \ Tgf')n results are
higher than the ! : .

Pyrrole i/ RN compare with
pyridine. These 7 A te Wi the basic of

nitrogen compounds. cts on catalyst.

This result can alsqﬂg,: : by the acidity of the

which are bal,'
These results o
concluded, the ”

meld (1980) that
¢crong basic compounds ™ere of particular
concern in acid-€amalized rea@Wion, such as cracking,

since eeBLAAIFH HYIFNEI NN

@) structure of pyrrole differ from pyridine or

-~ ﬁw::fﬁ AIEL Al LT b1 T

hydrc en atom on nitrogen atom. This effects fall into
line with the principle of influence, respectively, of an
unshilded or shilded nitrogen atom (Maxed, 1951).
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