CHAPTER 6

EXPERIMENTAL RESULTS AND DISCUSSION
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versusQe » i in Ri Tﬁv 0&@ i ]esults show
that atq mimmem co! YIIH I as temperature
increased by 20 degrees Celcius from 240° to 320°C. On the other hand,
the rate of increase in conversion slowed down as the temperature
increased, as evident from the decreasing slope of the curves in
Figure 6-1. This finding indicated, as expected, that essentially

complete conversion was obtained when the temperature was high enough,

regardless of pressure.
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Effect of Temperature on the Total Conversion of
n-Heptane

Catalyst Type : 0.5 wt% Pt/USY
Space Velocity (
Reaction 20 and 30 bars =

: 5.5 hl

F 20 bars|P = 30 bars

1
P. 20.66 15.66
55.95 43.08

87.61 83.86

‘tE—-:-:——‘“é-;‘:' 5.51 98.72
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99.56 99.94
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6.1.2 Effect of Reaction Temperature on iso-Heptane
Selectivity
To illuminate the effect of temperature on iso-heptane
selectivity, the observed selectivity at four fixed pressures are
summarized in Table 6-2, and s graphically in Figure 6-2.
Figures 6—3 tib\‘ the product distribution as a

flxed LHSV of 5.5 h™1 for

0 ba‘rmlvely
hepu\‘Carbomum ions obtained

function of ther

the pressures of 5;»

through protonatéd propane < ’hemndlétés (see pp. 82-84) can
undergo two react g\ roge \ to iSo-heptane, or (2) crack-

=, : ' iﬁ.'
It Jappears that at ¢ 1ow13eaction temperature the
hydrogenaton activitysdominated. Assthe reaction temperature went up

from 260° tﬂ%ﬂbahmfém am activities of the

J.ncreased The MHighest isomerization/cracking ratio was
obtai ﬁlﬁqg ﬁm uw ﬂrgenﬂgeata above 280°C
sh:Lfted the balance towards more cracking. Iso-heptane yields went
down rapidly and cracked products increased remarkably.

Increasing the reaction temperature up to 320°C caused

a negligible change in dry gas (Cq and Cy) yield but a remarkable
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Effect of Temperature on iso-Heptane Selectivity

Catalyst Type : 0.5 wt% Pt/USY
Space Velocity (LHSV) : 5.5 h1
Reaction Pressur 5, 10, 20 and 30 bars

N

Temperature

\\\\ = 30 bars
"\k = 20 bars|P =

ivity (%)

240
260

300
320

100.00
92.91

63.91

8.49

0.07
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increase in the yield of liquefied petroleum gas constituents (C3 and
C4). This increase was more pronounced at temperature above 300°C,
where the balance between the cracking and hydrogenation was shifted

?%’ ture on Space Time Yield

As seen le 6— e corresponding Figure 6-8,

ed Mrature and then passed
\ i%ly the isomerized Cq-

! _“;yia d of h'e‘ﬂ'l:ane isomers attained a
e cbntﬂmously as the reaction
‘ ad' noticeable at higher

towards more cracking.

6.1.3 Effect of Re

the isomerization

through a

molecules were

ptane isomers cracked to

lower ones (propane bﬂﬁéf;és) g
Thq main ’héir&anef ﬁ‘b ﬁerz 2- and 3-methylhexane

isomers).  Similar r = 1so reported by other

(monobranched
researchers (Sakai}t als=s

o olans |
ﬂl%J &QM@@N Q%J!elag the cracking rate
more than tht;:LI hydrogenation rate. Datasin Figure 6<7’ show that the

Y QR KGRI M ALY T

rose. At temperatures higher than 280°C the isomerization activity of

ttog: al., 1986; Mahos et
al., 1986).

the catalyst started to fall behind. Therefore, the isomeriza-
tion/cracking ratio decreased. In this research it is clear that,
below 280°C the reaction was mainly hydrogenation while above 280°C

the balance was shifted towards more cracking reactions.
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Table 6-3 Effect of Temperature on the STY of iso-Heptane

Catalyst Type : 0.5 wt% Pt/USY

Space Velocity (LHSV) : 5.5 h1

Reaction Pressure :

5, 10, 20 and 30 bars

Tenperature
(°c)

240
260

300
320

e (g/cm3-h)

,7//4' p&\\§§ e

0.76 0.58
1.94 1.50
2.22 1.98

| 0.89 0.25
‘--h:-.,_—-““-“‘ﬁ—v“ .04 0.00
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6.2 Effect of Reaction Pressure

6.2.1 Effect of Reaction Pressure on Total Conversion of

n-Heptane

The effect of reaction pressure on the conversion of

n-heptane in the preser;go\\?‘l /” 5 wt% Pt/USY catalyst was
investigated at pres@ &

s and at five reaction

: ,3WC. The data are given

on rs%i.n—heptane as a function

iy

6.:2:2 Effeq of Reaction essure on iso-Heptane Selectivity

ﬂ E H"’}% gbcﬁ %2%%% the iso-heptane

selectivity dropped as pressure mgeased whll,&, the reaction

remceBb i RN PR IEONQ JbII B o i o

the heptane isomers/cracking ratio against the reaction pressure in

the range of temperature studied.
Within the reaction temperature range used in this
study, the reaction pressure affected both cracking and hydrogenation

activities to different extents. Its influence was evidently more
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significant on the hydrogenation activity at temperature of 260°C.
At 260°C, the cracking activity of the catalyst was apparently low as
compared with the relatively high hydrogenation activity of the
catalyst. This means that the olefinic carbonium ions formed on the
hydrogenat.ion—dehydrogenation s'j and isomerized on the acid sites

were preferably saturated ] ing cracking further. As the
reaction temperature -o&;ﬂp ‘5 th the hydrogenation and

cracking sites of M

and cracked pr

were m hence more iso-heptane

It glot ‘fiq Tlm 6-9 that C7 isomeriza-
tion/cracking rat ‘ & increased from 5 to 10 bars,
but the obtained rest wer ve ‘\Qr‘ssure increased from 10

to 20 bars. Above “ je ef of t&ssure was insignificant.

The observed decrease 1ii bjr_ ner on/cracking ratio may be due

Ll S,
to catalyst deactrvat:.on i'emﬂtmgﬁ'lmg T on-stream operation.
Iﬁ-‘ Snciusion R i ~_~ e ulated that there is

little efffect OU the total pres ondthe selectivity of the

isomerization reactieh.up to conversion of 70 to 80%.

ﬂUEJ'WIEJWﬁWEJ’]ﬂ'ﬁ

6.2. 3 Effect of Reaction Pressurs on Space Time Yield (STY)

Tk it b | ] “ohaphand | b Elcea oy
pressure, as revealed in Table 6-3. The corresponding results
plotted in Figure 6-8 show the effect of varying the reaction
pressure from 5 to 30 bars on the STY of iso-heptane, while

maintaining the other variables constant. The maximum value of STY of
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iso-heptane at 5 bars was essentially the same as those at 10 and 20
bars, but the corresponding optimum temperatures were different,i.e.,
at a low reaction pressure, the optimum temperature was low and as the
pressure increased, the optimum temperature tended to shift to a
higher value.

order to illustrate the ce velocity on the total

the other variableﬂoonstmt.-‘ s tb quid séce velocity of the feed

increased, the contagt .t ime decreased, so the conversion of n-heptane

socrosst LR HHB IR o s

decrease J.n conversmn against space velecity increase was smaller at
the Hynbt] Tekdkiqn |temspatined fud & frb chedtid Brdrocracking
reactiogs which became dominant when conversion of n-heptane exceeded
70 to 75 mole%. As the reaction temperature increased, hydrocracking
reactions were accelerated so that smaller changes in conversion were
observed against increase in liquid space velocity at higher

temperatures than at lower reaction temperatures where isomerization
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Table 6-4 Effect of Space Velocity on Total Conversion of

n-Heptane

Catalyst Type :
Reaction Pressure :

: ‘le,- 7 5.5, 15 and 30 h~1

0.5 wt% Pt/USY
bars

—d

dhotans /ﬁ\\ "

240
260
280
300
320

a4

ff

8.%#:

L+

ﬁ* 1' \\ \‘ :

-

LHSV=30 h~1

s

_‘fEEEEE;=E=;EEE___

|| 100.

A
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i

15.60
39.83

.73.60
=i [89.82

97.64

4.26
16.61
42.32
69.31
88.97
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to C7 isomers was the only major reaction. This behavior was similar
to that observed by several investigators (El-Kady et al., 1983;
Mahos et al., 1986).

6.3.2 Effect of Liquid Hourly Space Velocity on iso-Heptane

Select1v1ty \',/ )
The ef@msv @e range of 2.7-30 v/v h1

f n—w investigated at five

on the hydrmW
reaction temperatuzes’ iy, /2 i, zsbo\hw 3000 and 320°C. The

- experimental data

in Figure 6-11. Fi B;mge 6-13 and Figure 6-14

show the product / di urktion of the reaction

with LHSV of 2.7 tﬂ30 h‘l ‘as parame 3 ﬂe reaction temperature

increased, the hydiocrack.mg rea on was accelerated so that a

USRIt PTitve AP e T ——

fixed contactq'{:me On the other hand, as contact time, was increased

o) | Go\pieR Cheirih boaci Mook B acia sites

might further be cracked to light products, thus reducing the isomeri-
zation/cracking ratio. At lower reaction temperatures, isomerization

to heptane isomers was the major reaction. The results were similar

to those observed by other investigators (El-Kady et al., 1983; Mahos

et al., 1986).
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Table 6-5 Effect of Space Velocity on iso-Heptane Selectivity

Catalyst Type : 0.5 wt% Pt/USY
Reaction Pressure : 5 bars

Space Velocity ( : 2.7, 5.5, 15 and 30 h1

Temperature | , so-Heptane Selectivity (%)
£°¢)
LHSV=15 h-1|LHSv=30 h-1
240 100.00
260 96.29 98.30
280 81.10 91.40
300 ~50.91 76.31
320 ,’? Y] 16.15 30.35
ur Lidd]
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At a relatively high LHSV the reaction temperature had
a moderate effect on the reaction product distribution (see Figure
6-14). At a low LHSV, where the contact time was remarkably high,
both the yield and distribution were strongly affected by raising the
reaction temperature (see F:\L\

vield and product distribution wené strongly affected by contact
time at higher react!ua—tempel:’t@ and 320°C) than at lower

temperatures; at 2{ 1nf uenca%et time was least (see

Figure 6-3, Figures

6-3 and 6-12). Analogously, the

In ‘ -Io =~ _h ]
space velocity w 4 ort 4

reaction.

sl
Add

6.3.3 Effect of Space Velocity on Space Time Yield

mg effect of spaée@l_ocitr

n fhe STY of iso-heptane

l' 7 in Figure 6-15. The
results clearly ;_‘)veal that ligher t& LHSV, the greater the

maximum STY of 1so—h€penne and the r the ﬁmum temperature. In

e, o SOV U EAN, Z
AR AT

€.4 The Pathway of the Reaction

In view of the type of products obtained, the reaction
network involved should include isomerization reactions (to explain
the formation of heptane isomers) and cracking reactions (because

fractions shorter than C7 were present in the products). The following
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Table 6-6 Effect of Space Velocity on the STY of iso-Heptane

Catalyst Type : 0.5 wt% Pt/USY

Reaction Pressure : 5. Dbars

Space Velocity (LHSV) : 2.7, 5.5, 15 and 30 h~1
| ‘

Temperature

(°c)

=]

=ik

o (g/cm3-h)

240
260
280
300
320

_ IR a3
a/ 7k E_'\\\\\ (Hsv=15 h~1|LHSV=30 h~1
: ;"\x\ <
| ‘ &ﬂf”? \\\Q 1.60 0.87

3.94 3.35
 6.12 7.94

. 4.69 10.93

Y ] 1.52 5.54
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mechanisms were suggested by considering previous mechanisms proposed
by several investigators as guidance (Sakai et al., 1975; Weitkamp,
1982; El-Kady et al., 1983; Giannetto et al., 1986).

6.4.1 Isomerization Re
It is genera.ﬂ.}» y that the branching (isomeriza-
tion) of olefins occuuhgﬂgh jr cyclopropane intermediates

(Chevalier et al., 5 i

of n-heptenes

for the isomerization

\ 1 and 2), for that of
methylhexeres intd' dij n d (2o %rﬁ3 and 5), and for that
of dimethylpentens ‘ e{é&:tion 6). The isomeri-
zation of n-heptene \ ver, cannot directly be
explained only by Since ethylpentane is an
ersion, a new reaction inter-
fikely, a rapid rear-

*:f==——ﬁ*-:--‘-=:f-———‘« ----- 'consmered to explain
1@ is indeed wel Jearrangements by alkyl
shifts are much more rapid than these which occur through protonated

cyclopropanﬂ u-&d ’gxﬁél mlj M&l'}ﬂt’i 1977, cited by

Giannetto et al 1986)). The n-heptenes (resultings from n-heptane

dehyd%iﬂt’il@ \éuda) bive hinterotnd i Jcontsbutive reactions

before hydrogenation on metallic sites: first through protonated

observed major prod

its formation.

cyclopropane intermediates (reactions 1 and 2), then by ethyl shift

(reaction 7).
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(1)

(2)

(3)

(4)
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L%
7N
c—c'li-c-cl:-c = c—d"—“.':-c == -<?—c (6)
c ¢ c
3§
e (7)

B o n c—E—cI:-c-c
c

the cracked products
comprise essential Srope * ) butane equimolar quantities.
Isobutane can b cormed by crackir srtiary 2-methylhexanic or

(8)

(9)

Al u&:-mmmmqﬁ (10
ARIANN I URIANYA Y

Moreover, the small quantity of n-butane formed indi-
cates the cracking of carbonium ions that have a 2,3-dimethylpentanic
skeleton (reaction 11). n-Butane can also be the result of the
scission of 2-methylhexanic or 3-methylhexanic carbonium ions
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(reactions 12 and 13). These reactions, which like reaction 11 involve
two secondary carbonium ions, probably occur at a slow rate, i.e.,
much more slowly than reactions 8, 9 and 10.

cfedc-&¢ — c6-Cc + c-c=C-C (11)

Sl -
“—a&'+ Cc=Cc-C-C (12)

(13)

the interaction of p: However, a
similar explanation count for the formation of Csg,
i.e., through bo;ium ion with ethylene,
because of the sm _7 le product. It appears,
thus, that the 1 for the formation of Cs and
particularly Cg is the o intermediate propylene and butyl

carbonium @xuﬂcg nﬂmjmrﬂQQ ﬁ'opyl carbonium ion

(reactions 11 and 12). These “intermediates can then feact either with
reptad ob| ] Mgk sobenon b kobabich Gy bt 4 carponiom

ions, w1th subsequent hydrocracking to produce Cg; and Cg hydrocarbons.
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