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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.

3lsrast H453 M4S 2007 8

et - oV - oAl

o|Qlt}. 2.5 El(AldrichyS <=5 99.3%% HHS-A o] A8 1L
237819 2248 cis-2-5-8(74%)¥} trans-2-5-81(26%)°] AT}

0

oo
i

2-2. HiS 4%

FHoldshirg-2 11435 FullNkS-7] (fixed bed reactor)ys AMH-
sto] AaEtar, 917 3/4 in, Ao] 7emll ZHEHIIHEAE REST1E
AREEFITHFig. 1). 25019 T2 gt AR S ARSSISiL
Tl S AFFEdA7|(MFO)YE AHg-8to] Z243klnt. vke-
712] F#2- back pressure regulators: AM-51] LG5l F-418150
th WkS719] %= A AR RS ARSte] 23kl
HEg7] Qtell 7¢9] FmiE Xk, Whg7)e] SR oy
o &FuLt riol® FREITE Fulj o] gl dst, 120 °C,
F% 100 co/min®] 7oA 2A3F FE e Shels v}
T, AL 55 FplA Ak vhwg) ool =Els u)
o] & MFCE AHg3to] dAehAl fAlstar, 2-7-dle] 944
o A EE ARGl REE Vol T Einh REEAIRe mE
Zn)|o] AWsHE BBl A8l AN MES I,
FID 73&719} capillary column(alumina, length 50 m, ID 0.25 mm,
thickness 0.32 pm)& ARE-SE 71A| A2 vFE 12 (A 7]7], Acme
6000y ARE-1o] A sklth, v 2ol o8l deks, AE gl =
& ARGt

(]

ot

il

B Il
fd

AgHar(wi%) = (AH]E 2-7]10) Fd/aash 2-51le] S3)x100

156l A8 (wi%) = (3 E 156 SRF/2an)E 2l S
x 100

178 8 (wi%) = (R3S x 156l A 85)/100

3. SHZAL

3-1. 224 oldEISe| WHNSE ALt
cis2--El3} trans-2-F-€lo] 1Bl o7 3y

rr
e
olo
flo
e
i

2t
cis-2-butene = 1-butene )
trans-2-butene = 1-butene )

4 o] Wkgel i3t WS ] flal ZF ARl BE A
&-S- PRO/I with PROVISIONS: E3l14] -6kl 1 AZF= Table 19]]
A3l E4Tt.

cis-2-butene®] 014 &S0l tsto] AGY= tRE-T} o) e}

AG’ = T VAG, ©)

89 919 AFERE] 1 7)9L, 450 °Co|A] SESH A
Tah ok sl E g 3 v A (@9 2tk

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

AGY KI/K-mole 65,784.20  62,895.50  71,301.60
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Table 3. 2-butene hydro-isomerization over commercial Pd catalyst

Conversion  Selectivity to 1-butene  Yield of 1-butene

Catalyst (Wi%) (%) vty
C,-raffinate-IIl=s——e——
LD-265 7.1 69.4 4.9
G68-1 3.1 65.7 2.0
Isomerization LD-271 3.4 66.6 23
reactor .
=4 [ 3 = c,raffinate-1v HO-55 4.9 62.1 3.0
- L e weight of catalyst: 7 g, reaction condition: 75 °C, 150 psig
Fig. 2. Tsomerization reactor and distillation tower. flow rate of 2-butene (liquid): 30 cc/min, flow rate of Hy: 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 42
75 30 9.0 7.9 60.0 4.7

weight of catalyst: 7 g, reaction pressure: 150 psig

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



354 ZA45 - AL
100
—4&— cis-2-butene
— Q- trans-2-butene
ES —y—
2 80+ ¥— 1-butene
o
E
c
£ 601
7]
o]
o3
£
8 401
£
2 > vy
ol [slsleTe] .
é 20 4 ”;. P T S WS
g_ ”””””
IT} 'ﬂr’
0 T T T T T
0 100 200 300 400 500 600

Temperature (°C)

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