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Abstract — It is necessary to convert butene-2 into butene-1 with higher added-values through positional isomeriza-
tion. In this study, hydro-isomerization of butene-2 with hydrogen over Pd/alumina catalysts was investigated in a fixed
bed reactor. The yield of butene-1 over L.d-265 catalyst was higher than that over other catalysts. The yield of butene-1
was highest (5.3%) under the conditions of reaction temperature of 75 °C, reaction pressure of 150 psig, 2-butene flow
rate of 48 cc/h and hydrogen flow rate of 3 cc/min. We conducted simulation for the process composed of a hydro-
isomerization reactor and a distillation tower. In the case of 78% of tray efficiency, we obtained over 99% pure butene-1
through a distillation tower with 171 steps (R=120).
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Fig. 1. Schematic diagram of the reaction system.
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Table 1. Molecular weight, standard enthalpy of formation, standard
Gibbs free energy of formation

Description unit cis-2-butene trans-2-butene 1-butene
Molecular weight Kg/K-mole 56.108 56.108 56.108
AH? KJ/K-mole  -6,992.00 -11,278.80 -112.20

AG‘} KJ/K-mole  65,784.20 62,895.50  71,301.60
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Table 2. Data for C, raffinate-111
NBP (°C)  AH} (kl/kmol) AG) (kJ/kmol)

Component Wit%

i-butane 0.04 -11.7 -134,606 21,216
i-butene 0.02 -6.9 -16,388 58,103
1-butene 6.21 -6.3 -112 71,301
1,3-butadiene 0.01 4.4 110,181 150,681
n-butane 28.30 -0.5 -125,772 -16,675
t-2-butene 4228 0.9 -11,178 62,895
c-2-butene 2239 3.7 -6,992 65,784
CYC4 0.61 12,5 26,669 110,113
Cs+ 0.01 36.0 -146,465 -8,543
AG’
K= exp|} ﬁ} (©)]
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Fig. 2. Isomerization reactor and distillation tower.
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Table 3. 2-butene hydro-isomerization over commercial Pd catalyst

Catalyst Conversion  Selectivity to 1-butene  Yield of 1-butene
(Wt%) (Wt%) (Wt%)

LD-265 7.1 69.4 49

G68-1 3.1 65.7 2.0

LD-271 3.4 66.6 23

HO-55 4.9 62.1 3.0

weight of catalyst: 7 g, reaction condition: 75 °C, 150 psig
flow rate of 2-butene (liquid): 30 cc/min, flow rate of H,: 3.0 cc/min

Table 4. Effect of reaction condition on 2-butene hydro-isomerization over LD-265 catalyst

Reaction temperature Flow rate of 2-butene Flow rate of Conversion Selectivity to 1-butene Yield of 1-butene
(°0) (liquid)(ce/h) H, (cc/min) (Wt%) (Wt%) (Wt%)
75 30 3.0 7.1 69.4 49
60 30 3.0 6.8 66.6 43
45 30 3.0 11.4 355 4.0
75 48 3.0 74 71.9 53
75 62 3.0 54 774 4.2
75 30 9.0 7.9 60.0 4.7

weight of catalyst: 7 g, reaction pressure: 150 psig
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Fig. 3. Thermodynamic equilibrium of 2-butene isomerization (1 atm).
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Table 5. Simulation result of distillation tower

STEAM ID 1 2 3
PHASE Vapor Liquid Liquid
Fluid weight percent
1 i-butane 0.0401 0.4235 7.9508E-10
2 i-butene 0.0200 0.2112 4.4664E-06
3 1-butene 9.4035 99.0071 0.0255
4 n-butane 28.3539 0.3273 31.2872
5 t-2-butene 40.2528 0.0306 44.4625
6 c-2-butene 21.3085 2.6760E-04 23.5386
7 CYC, 0.6112 7.6309E-14 0.6751
8 Cs+ 0.0100 0.0000 0.0111
Total rate, Kg/h 100.0001 9.4745 90.5255
Temperature, C 350.0000 45.0000 81.0815
Pressure, atm 10.0000 10.0000 10.0000
Enthalpy, M*Kj/h 0.1143 9.0284E-04 0.0177
Molecular weight 56.6673 56.1226 56.7250
Weight prac vapor 1.0000 0.0000 0.0000
Weight prac liquid 0.0000 1.0000 1.0000

sl5kgst M4sH M4z 20074 82

. o]}\é% . o]zﬂi

N N
[
o ©
Lo ialiinl

-

@x

Q
T

.

N

o
T

0
o
B L e

Theoretical Number of Tray
3
T

[ I M N R

o
(=]
T

o
[«
T

obe et et e b e b e

0 30 60 90 120 150 180 210 240 270 300
Reflux Ratio

Fig. 4. Theoretical number of tray vs. reflux ratio.

oMb 710 9] 158l &2 48 BekE FiE A
S8 2-7dle] o) gk “‘é@ 721 Table 3 ZoA] 148l
FE0) 7P 2 A1) 4.9%F ARSI webA] Nk w e
FEEE A EC] 242 Table 59 2t} A-3letaglolxd A8
AU EZ g A (LLDPE) A28 3] (comonomer)Z A5k

N

1 A8t 15612 &5 99% oldoltt. wheba] RES- AdE0] Al
g 100 kgol e o] TREel FYEE 2olx GAelA &
£ 99.0% oo 1-78lE 7] S8k S 3 BANE AvE
Table 50l YFERSITE. Shorteut case study 2}, $H7H] 9} o] Evlr
] #% Fig. 4° E*l‘}‘ﬁﬁ} FH ol B 104 Toar #H 43k
FHE 86.901T}, H Aol 2= 104 T o F2gollA =5 99.0%

oPFe] 18IS A7HE 95 kg~ 85 T Ut

Drickamer & Bradford methodoll 2J51 54 7] S752] HoJE
of| 71zx3le] YFe] Ft HEe} AA wF a&ve] WAE Fig. 59}

100 T r T T T

90

80

70

60

Viscosity=0.10cP,
So, tray efficiency 789

[=)

50

40

Overall tray efficiency, %

30

20 i i i I
0.0 01 0.2 0.3 0.4 0.5 06

Feedstock avg viscosity, cp

Fig. 5. Overall tray efficiency vs. feedstock average viscosity.



27409] o daikS:
4= QleH12]. ol HE w7 §A 2elAe] A
7o H5E %J‘a e ARESl, A=) 0,10 P ¢ W) WA
& ds & 5 At & w80l 8% A tq1 99%2] 1-%-
A7) LaAE BE7E 1209 W A & S 171 o] F
Q3 Zlo 7 JeRT A3F 0% NCC 5742 C4-raﬁ'1nate—III§
AT E AEELo] AGE PA/ALO, ZHIE AHESE 30|43} ukg
F7(75°C, 150 psigyz} 171 =] S5 379 @F1] 12012 F3lA
99.0% 0] 18 A& F S-S o SASIeh

=
I
ru

"]“%0}04 4 °W§Pﬂ1~— ARE s9H é#} LD-265 Zui|7} 7}
£& BT 17 HARNe A2 MR 75 °c
%‘ 150 psig, 2-7€1°] 42 48 co/h, H, % 48 co/he]
ZsPIA 1581 $80] 53%%E HuYS & O“zit}.
I 99.0% o1 1-tEE 7] 918 SR S mARE 23,
247} 1202 W 171 ©he] Z=Felo] sk Ao s UERd),

rSL'

Z A

& A duA et oluA]7]E7EAR (2005-E-ID11-

P-02-3-020)2] #]¢lell o3k AT
s

1.Kim, M. Y. and Seo, G., “Skeletal Isomerization of n-butene
Over Acid Catalyst; J. Kor: Ind. Eng. Chem., 15(6), 581-593(2004).

puS
X

3
oyl

7

flo

T3ty 150 Al 355

2.Jeon, J. K., Ihm, J. H., Lee, J. H. and Kim, Y. S., “Development
of Catalysts for 2-butene Isomerization, Catalysis, 21(2), 13-19(2005).

3. Myers, J. W., “Catalytic Isomerization of An Internal Double
Bond Aliphatic Mono-olefin to Produce Terminal Bond Olefin’
U.S. Patent No. 4,289,919(1981).

4. Ancillotti, F., Forlani, O., Jover, B., Resofski, G. and Gati, G,
“Industrial Scale Selective High-temperature Conversion of 2-butene
to 1-butene: 1. Development of Catalysts; Appl. Catal., 67(1),
237-247(1990).

5. Forlani, F., Ancillotti, O., Jover, B., Resofski, G. and Gati, G,
“Industrial Scale Selective High-temperature Conversion of 2-
butene to 1-butene: II. Comparison of Catalysts, Appl. Catal.,
67(1), 249-255(1990).

6. Hsing, H. H., “Al,05 Alkene Isomerization Process and Cata-
lyst; U.S. Patent No. 5,043,523(1991).

7. Moronta, A., Luengo, J., Ramirez, Y., Quifiénez, J., Gonzélez, E.
and Sanchez, J., “Isomerization of cis-2-butene and trans-2-butene
Catalyzed by acid- and ion-exchanged Smectite-type Clays;
Applied Clay Science, 29(2), 117-123(2005).

8. Powers, D. H., “Alpha Olefin Production; US Patent No. 6,768,038
(2004).

9. Seo, G., “Skeletal Isomerization of n-butenes Over Solid Acid
Catalysts, Catalysis Surveys firom Asia, 9(3), 139-146(2005).
10. Arganbright, R. P., “Hydroisomerization Process, US Patent No.

5,087,780(1992).

11. Dorbon, M., Hugues, F., Viltard, J., Didillon, B. and Forestiere,
A., “Process for Obtaining Butene-I; US Patent No. 6,242,662(2001).

12. Bradford, J. R. and Drickamer, H. G, “Overall Plate Efficiency
of Commercial Hydrocarbon Fractionating Columns as a Function
of Viscosity,” AIChE, 39, 319-360(1943).

Korean Chem. Eng. Res., Vol. 45, No. 4, August, 2007



