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Abstract— The dehydrocyclization of n-heptane was studied over 0.6 wt% Pt/%-Al,05 and presulfied 0.6wt% Pt/
AlyO3 catalysts in a fixed bed continuous flow reactor.

The ranges of experimental conditions were at temperatures between 658 and 773K, the pressures between 1 x 105
and 30 x 105Pa, the Hyp/H.C. mole ratios between 3 and 7 and the contact times between 0.2 and 0.6g-cat.hr/g-feed.

The dehydrocyclization increased with increasing temperatures, decreasing total pressure and decreasing Hy/H.C.
mole ratios.

The presulfied Pt catalyst showed increased selectivity and stability of dehydrocyclization and the surface of pre-
sulfied Pt catalyst was well dispersed rather than Pt catalyst.

Both reactions of Pt and presulfied Pt catalyst were the first order with respect to n-heptane and their activation
energies were 32.5 and 50.4 kcal/mole, respectively.
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Fig. 1. General reaction scheme for catalytic
reforming.
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3-Methylhexane + 2,3-Dimethylpentane
3-Methylhexane + 3,3-Dimethylpentane
2,2 + 2,4-Dimethylpentane
3-Ethylpentane

2,2,3-Trimethylbutane

n-Cy Toluene

Cs + C1

C5 + Cz

C3 + C4

Fig. 2. Principal products for the transformation
of n-heptane.
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o] 98,3% ol Aol ct, HFS-EE A2l n-heptane
Kokushan Chemical Works, Ltd, A%°2 G.C,
FAZAN £=5F 99,9% coldolsly, Hy7ka: ot
TFaAdEer F£E7F 99.9% colielddew deoxo
unit®} drying column® %347 AAsledct, =&
G.C. ¥4 xAgF4E A8 olel, oel, Zaza,
&2 Matheson Co, AFoZ £} 99, 9% olA
olgler, sEt, &4, EFL Junsei Chemical
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Table 1. Physical properties of catalysts

Items 0.6 wt % Presulfided 0.6
PYY-Al,03 wt% Pu7-Al03

Surface area (m?%g) 190 180

Pore volume (cc/g) 0.86 0.84

Bulk density (g/cc) 0.75 0.77

Apparent density (g/cc) 1.42 1.39

Porosity 0.55 0.54
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Table 2. Ranges of experimental conditions and
standard conditions

Process variables Ranges

Catalyst weight (g) 5, 10
Particle size (mesh) 30/50, 50/80, 80/100
Temperature (K) 698, 723, 748, 773

Pressure x 10-5 (Pa) 1, 5, 10, 20, 30
W/F (g cata. hr/g) 0.2,0.3,04,0.5, 0.6
Hy/H.C. mole ratio 3,4,5,6,7

Standard conditions

Temperature (K) 748

Pressure x 10-5 (Pa) 10

WI/F (g cata. hr/g) 0.48

H,/H.C. mole ratio 5

Particles size (mesh) 50/80

FZol= 34 £42l carborundum$ 9] €3

==
(6, 23], olF Wez7e mAAA § A4Hoez 4
S dshalct,
¥ AdelMe] zapzrl we
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1 % 352718 Table
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oll ,ﬂ_ﬁixj{ (o] 71 u}__/&ux-! _o“ IL _J_.,.p:}.&! (mter-
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2= Eel49 yield(X), $EE (x), ADE(S)
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moles of C,H, formed

X= 100moles of nC, in the feed
W (——8
(mole/h ta.) = XxF (hr.g cata.)
r (mole /hr. g cata. M (g/mole)

(M : n-heptane & *=}&f)

S _ total moles of C; isomers
“  moles of nC,converted
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34 - 2744

S¢-= total moles of hydrocarbons with less
than C,/ moles of nC,converted

S, = moles of CH,
" moles of nC,converted
714 Sis, Serm Sact A7 isomerization selec-
tivity, hydrocracking selectivity, dehydrocycl-
ization selectivitys }epic},

-1, 3AE
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T 4 AT doldm, ol s e shure

o g YL FAY 4 Yok,
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Fig. 3. Test of catalyst stabilization.
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40 . x
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IS X Isomerization 3-5. Mete| HE
:g X Cracking uhg-9ba-g 1X 10°PacllA 30X 10°Pa7tA] H3}4] 7]
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? _— Fig. 62 2 2#% viehd sloz Foie dezs}
101 o —"° ofeio] walel oS- ulzial AL oF & glih|, Ehai
— DS qEel Zohgel st FAd BEE
0 Hol =9
698 723 748 773 15 i*pf whote] ol sxinioel iislo
Reaction Temperature (K) o] At stilo] FrlEE 4 ulgo] F7lbsof
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Fig. 4. Effect of temperature on the products = — WhEel #1g nesbed Feidh o s Aa
selectivity, ct,
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Presulfided Catalyst
T=748 K, HYH.C.=5
W/F =048 hr

0

60

50

40

_~ L)
S /’T—__—_
R L
2
s
b 30 R Isomerization
(%
,}‘ X Cracking
’ 20+ ° © Dehydrocyclization
x °
10¢ \
L]
0 \c
0 10 20 30

Total Pressure x 10~ 3(Pa)

Fig. 6. Effect of total pressure on the products
selectivity.
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Unsulfided Catalyst
T =748K, HyH.C.=5

P=10x105Pa
50 o BT ——
—,
40 e T e———x
S
= 30 ® Isomerization
= X  Cracking
% © Dehydrocyclization
T 201
2
P— )
—— @ -
10 + "
0

0.2 0.3 0.4 0.5 0.6
Contact Time (g-cat.hr/g-feed)

Fig. 7. Effect of contact time on the products
selectivity.
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Presulfided Catalyst
T = 748K, Hy/H.C. =5

P=10x105Pa
60
a n B,
—
50 1
® Isomerization
40 | X Cracking
- © Dehydrocyclization
S
>
g 30 l\,‘_____-‘_.__"—”-_.
kst
~
9]
[77) 20 1
/a //.
e ° - ’
10 1
0

20 30 40 50 60
Contact Time (g-cat.hr/g-feed)

Fig. 8. Effect of contact time on the products
selectivity.
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257
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Presulfided Catalyst
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T =748 K, W/F = 9.48 hr

20
15 .
g \
g '\
710 °
q>) \e\_‘
g
| &)

5

0

3 4 5 6 7
Hy/H.C. Ratio

Fig. 9. Effect of H,/H.C. ratio.
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Unsulfided Catalyst
P=10x105Pa
W/F =048 hr, HyH.C. =5

50
o 773K 9
40T [ x 748K ./
- ® 723K e
153 .
S
g3 ./
g / /#
é 20 ¢ . /’.
< x
Q —
‘/
. 2/ "
l/
-
0
0 0.1 0.2 0.3

0.4 0.5 06
Contact Time (hr)

Fig. 10. Effect of temperature and contact time
on _conversion.
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23pigel Ashe-S e, 245 A 9
W4 1A RS 4 4 A

EG ST kE T3] S15ke ol ez
2 :

r=kC,=C 102 =Coor i -

d (W/F)
r=KC,o (1= X) ~Caog ey
Presulfided Catalyst
P=10x105Pa
W/F = 0.48 hr, HyH.C.= 5
50
40 o 773K |
- X 748K
~ ® 723K ./
< 30 . -~
- !
S
>
g 20 /
Q . 4
104 e
S

——n -—
g ———— .

0 0.1 0.2 0.3 0.4 0.5 0.6
Contact Time (hr)
Fig. 11. Effect of temperature and contact time
On conversion,

Unsulfided Catalyst
P=10x105Pa

W/F =0.48 hr, HyH.C. = 5

0.6

0.5{ /

0.4
0.34 /

0.24

e
l/'
2-/ —
l/./

0 0.1 0.2 0.3 0.4 05 06
Contact Time (hr)

Fig. 12. Test of pseudo first order kinetics.
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X
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Z

EEE
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4 ek,

Presulfided Catalyst
P=10x105Pa
W/F =0.48 hr, HYH.C.=5

0.6 +

® 773K °
0.4 X 748K /
® 723K .
0.3 /
0.2 /

0.1 x—""
x—

—n
0
[

—

x -

-
_—

0 0.1 0.2 0.3 0.4 0.5 0.6
Contact Time (hr)

Fig. 13. Test of pseudo first order kinetics.
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Fo QU
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NOMENCLATURE
Ea : Apparent activation energy, kcal/mole
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L=z

=

10.

11.
12.

14.

15.

16.
17.

18.

19.

20.

21

waXE—UT WUE T

: Molar flow rate of n-heptane, mole/hr
: Rate constant, mole/hr-g cat.

1 Molecular weight of i species

: Total pressure, Pa

Gas constant, 1,987 cal/mole-K

: Reaction rate, mole/hr-g cat.

: Yield

: Temperature, K

: Weight of catalyst, g

: Conversion

: Partial reaction order of hydrogen
. Partial reaction order of n-heptane
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