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6-1

Flow sheet of two-reactor reforming of case 23 and 24

of Table 6-3
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Table 6-1 Input data used in the simulation
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Case Feed Tempeature|Pressure |H_ /Hydrocarbon
o bar nol/mol
1 n-Hexane 460.9 16.0 9.9
2 23DMB 419.1 10.0 10.01
3 n-Hexane, 3MP, 22DMB 435.0 10.5 20.0
(40,30, 30)
4 ‘n-Hexane, 2MP, 3MP, 22DNB 435.0 10.5 20.0
(10,10,70,10)
5 MCP 454.4 13.7 10.0
6 n-Heptane 420.0 20.5 40.0
7 n-Heptane 496.1 13.7 5.0
8 n-Heptane 496.1 34.5 5.0
9 n-Heptane 496.1 24.1 5.0
10 MCH 350.0 15.5 30.0
11 MCH 350.0 5.0 3.0
12 MCH 350.0 20.5 40.0
13 MCH 400.0 8.1 53.0
14. MCH 400.0 8.5 16.0
15 MCH 400.0 3.0 8.0
16 | MCH 452.0 48.2 6.6
17 | Tol+MCH (41.5,58.5) 452.0 48.2 6.6
18 Tol+MCH (41.5,58.5) 439.0 48.2 6.8
19 MCH 426.6 20.7 4.0
20 MCH 482.2 20.7 4.0
21 MCH 426.86 41.3 4.0
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Table 6-2 Input data used in the simulation of mixed Cg and C,

hydrocarbons
Composition of mixed Cg to C, hydrocarbons feed
Hydrocarbon Type Volume %
MCP 22.2
MCH 22.3
n-Heptane 55.5
100.0
Operating Conditions case 22
Pressure, bar 16.5
Temperature, “C 482.2
W/F, .0 20.0
Hydrogen/hydrocarbon 3.0




¥
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Table 6-3 Input data used in the simulation of mixed Cg and C,

hydrocarbons

Composition of East-West Texas Cg to C, feed

Hydrocarbon Type Volume %
n-Hexane 23.5
n-Heptane 30.3
HMCP 7.4
ECP 10.9
MCH 15.9
Benzene 7.8
Toluene 4.2
100.0

Operating Conditions

case 23 case 24

Reactor No. 1

Pressure, bar 23.4 19.9

Temperature, ~C 482.2 482.2

W/F o 20.0 : 20.0
Reactor No. 2

Pressure, bar 19.9 16.5

Temperature, C 482.2 482.2

W/F, .0 20.0 20.0

Hydrogen/hydrocarbon 4.4 2.8
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Figure 6-15 and 6-17 show the concentration profiles of
benzene and toluene in the two reactors against W/F, for case 23
and 24. Pilot plant data of Meerbott (1954) are compared with the
calculated results. The agreement for both case 23 and case 24

are good.
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Figure 6-2 Conversion at 460.9 °C, 16 bar, H,/hydrocarbon = 9.98, and

— COMPUTED

n-Hexane feed.

Experimental (Marin et al., (1982)): points.

Catalyst: 0.59 #*wt Pt, 0.67 #wt Cl on Al 0, catalyst.
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Figure 6-3 Conversion at 419 °C, 10 bar, H,/hydrocarbon = 10.01, and 2,3-dimethylbuthane
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Experimental (Marint et al., (1982)): points. Catalyst: 0.59 #%wt Pt, 0.67 %wt Cl on Al O
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Figure 6-4 Conversion at 435 C, 10.5 bar, H, /hydrocarbon = 20, and n-Hexane, 2MP, 3MP, and

22DMNB (0.4, 0, 0.3, 0.3) feed. Computed: - . ZExperimental (Christoffel (1979)): points.
Catalyst: 0.35% Pt on Alumina catalyst.
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Figure 6—5 Conversion at 435 °C, 10.5 bar, H,/hydrocarbon = 20, and n-Hexane, 2NP, 3MP, and

22DMB (0.1, 0.1, 0.7, 0.1) feed. Computed: - . Experimental (Christoffel (1979)):points.
Catalyst: 0.35% Pt on Alumina catalyst.
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Figure 6-7 Conversion at 420 °C, 20.5 bar, H,/hydrocarbon = 40, and n-Heptane feed.
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Figure 6-10 Dehydrogenation of methylcyclohexane at temperature 400 °C. Effect of pressure
and hydrogen/hydrocarbon ratio on yield of toluene. Experimental (Froment et al. (1988)):

points. catalyst: 0.3 %wt Pt, 0.31 wt % Re, 0.95 wt % Cl on Al,O, catalyst.
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Figure 6-12 Dehydrogenation of methylcyclohexane at H,/hydrocarbon ratio =4. Effect of

temperature and pressure on yield of toluene. Experimental (Heinemann (1951)):points.

Catalyst: platinum on Al 0, catalyst.
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Figure 6-14 Comparison of temperature profile

in one reactor between computed

and experimental data (Meerbott, (1954)). Operating conditions are case 22 of

Table

6-2. Catalyst: Platinum on alumina.
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Figure 6-15 Comparison of aromatic yields between computed and experimental data

of Table 6-3.
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(Meerbott, (1954)). Operating conditions are case 23
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Figure 6-16 Comparison of temperature profiles in two reactors between computed :

and experimental data (Meerbott, (1954)). Operating conditions are case 23 of

Table 6 -3. Catalyst: Platinum on alumina.
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Figure 6-17 Comparison of aromatic yields between computed and experimental data

(Meerbott,

Catalyst: Platinum on alumina.

(1954)). Operating conditions

are case 24 of Table 6-3.

£l



TEMPERATURE ( C)

486 -
480 -
476 -
470 A
486 -
4860 -
466 -
460 -
445

440

SEMIADIABATIC OPERATION

1

¢ 3

0 EXPERIMENT

—— COMPUTED

T A L]

-
!

0 B 10 16 20 26 30 36 40

W/FHc (kg cat.hr/kmol)

|4————— REACTOR NO. 1 >|< REACTOR NO. 2— b~
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Figure 6-19 Comparison of the step size in the simulation of case 11
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Table 6-4 The error of the simulation

Simulated

Results (mol) True Experiment

$Error base on

Product output Experimental
Data (mol)
Case 1
Product output at W/F = 143
2-pethylpentane 15.0
3-gethylpentane 11.0
2, 2-dimethylbutane 4.8
2, 3-dimethylbutane 4.0
zethylcyclopentane 2.1
eethylcyclopentane 110.0
Case 2
Product output at W/F = 157
2-methylpentane 27,0
3-methylpentane 14.0
2, 2-dipethylbutane 22.0
nethylcyclopentane 0.0
cracked product 35.0
Case 3
Product output at W/F = 45
n-hexane 213
2-methylpentane 19.5
3-methylpentane 16.2
2, 2-dimethylbutane 12.1
2, 3-dimethylbutane 6.6
MCP+benzene+(C5- 23.6
Case 4
Product output at W/F = 35
n-hexane 14.1
2-zethylpentane 23.9
3-pethylpentane 29.4
2, 2-dimethylbutane 6.5
2, 3-dimethylbutane 3.8
MCP+benzene+C5- 21.0
Case §
at MCP conversion of 33%
benzene 19.1
n-hexane 1.4
2-pethylpentane L5
3-methylpentane 1.3

= o B U -
WD W =3 = o

1

29.9
9.7
18.2
0.0
34.5

30.7
17.4
17.6
18.8
6.6
17.362

19.0
26.8
3.8
1.1
3.3
17.557

™
. N AW
o o o w

~25.3
-26.0
-43.6
-31.2
-56.0

6.5

10.7
-30.7
-11.3

0.0
=14

4.1
-10.9
8.6
5.3
0.0
-26.4

3.1
12.3
18,5
9.1
-12.4
-16.4

28.3
5.1
-33.3
-23.1
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Table 6-4 (continued)

Simulated 3Error base on
Results (mol) True Experiment

Product output Experirental
Data (mol)

Case 6
Product output at W/F = 210

SBP7 2.0
NBP7 14.0
toluene 3.5
5N7 1.0
cracked product 32.0
Product output

cracked product of case 7 49.3
cracked product of case 8 61.2
cracked product of case 9 55.0

Product output is toluene

case 10 at W/F = 3.5 5.6
case 11 at W/F = 2.8 19.0
case 12 at W/F = 3.0 2.6
case 13 at W/F = 3.6 8.9
case 14 at W/F = 1.2 6.2
case 15 at W/F = 1.2 8.4
case 16 at W/F = 20.0 56.0
case 17 at W/F = 20.0 52.9
case 18 at W/F = 20.0 45.3
case 19 at W/F = 33.0 83.0
case 20 at W/F = 33.0 92.0
case 21 at W/F = 33.0 48.0
Case 22

Product output at W/F = 20

benzene : 5.0
toluene 18.5

temperature, (C) 1.8

28.9
16.8
0.1
0.9
25.8

3.3
56.3
50.6

6.4
20.6

31
34.6
11.2

1.9
61.9
63.7
48.4
86.2
97.2
46.3

2.5
23,0
4713.7

-31.3
20.4
-98.0
-1.6
=18.3

-32.5
-8.0
7.9

13.5
8.6
19.8
281.0
82.1
-5.6
10.5
20.4
6.8
3.9
5.6
=3.5

50,0
4.1
0.2

117



Table 6-4 (continued)

Simulated

Results (mol) True Experiment

$Error base on

Product output Experigental
Data (mol)
Case 23
Product output at W/F = 40
benzene 8.1
toluene 23.1
temperature, (C)
Reactor No.l 455.5
temperature, (C)
Reactor No.2 176.6
Case 24
Product output at W/F = 40
benzene 9.1
toluene 23.1
temperature, (C)
Reactor No.l 461.6

temperature, (C)
Reactor No.2 476.6

451.9

482.6

11.8
21.8

459.9

182.6

0.5

1.3

29.9
8.0

0.4

1.3

118



	Chapter 6 Simulation Results and Discussion
	Simulation Study
	Comparison of Simulation and Experimental Results


