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Abstract— The skeletal isomerization of n-butene over y-alumina fluorinated by impregnation was studied in a fixed-

bed flow reactor. Acid characteristics of the catalysts were investigated through FT-IR analysis of adsorbed pyridine on the
catalysts and its effect on the catalytic activity was examined. The experimental results showed the highest yield of iso-
butene at about 450 °C. At higher temperatures than 450 °C, catalysts were rapidly deactivated by coking and at lower tem-
peratures the conversion of 1-butene was too low. It was found that Bronsted acidity was closely related to the yield for
isobutene. 2 wt%-fluorinated catalyst showed the maximum yield and selectivity for isobutene.
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Fig. 1. Influence of fluorine content upon the yields of isobutene
and side product at initial stage(reaction time <1 hr).
Reaction temperature 450 °C, WHSV=3hr ', @: yield of iso-
butene, A: yield of side product
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Fig. 2. Influence of fluorine content upon yields of isobutene and
side product at reaction time >5 hr.
Reaction temperature 450 °C, WHSV=3hr"', ®: yield of iso-
butene, A: yield of side product



1759 24

gr

8

N
o

1-Butene Conversion(%)

0 L i s i L
0 4 8 12

Time on Stream(hr.)

Fig. 3. Plot of conversion with respect to reactlon time over flu-
orinated ‘y-alumina.
Reaction temperature 450 °C, WHSV=3 hr', a: 0wt%, +: 1
wt%, B 2wt%, *: 4wt%, ®: 8wi%
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Fig. 4. Plot of isobutene selectivity vs. i-butene conversion over flu-
orinated y-alumina.
Reaction temperature 450 °C, WHSV=3hr ', a: Owt%, O: 1
wt%, B : 2wt%, k: 4wt%, O: 6 wt%, @ : 8wt%
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Fig. 5. IR spectra of pyridine adsorbed on fluorinated y-alumina.
B: Brénsted acid site, L: Lewis acid site

= B4 g det w3l 27171 Wk o, Table 1944
2 5 e ule) o] 1 YA % Azt W) A E Bl 2wit% &
“H-"J 74, B 7=z9] wAe] W, AT 1wt%e] 1541.1cm "B}

& 544 1545.1cm ™' 2 o) Fte] BEAvt 2wt%) S 1wit%
°l 73—?— B} 7} Bronsted AH3 Y& o 4= i)

Lewis 4F5-& velle L 939 w42 B3 73 & Mol
ko, B4 A& 3HA) & 0wt% Fvl9] 7% Lewis AHH7 &
A3}taL Bronsted AFgo] A 2] EA8HA] o= S o 4 qlth

T} el A ERd IR spectras= Helo] FA, sjejd FAA9
o, AT Y AT AT Foll ] dgL e ng 7 4
< vei= #3 HAe] AdlA| Mok A vz 2 ol
AFEA)E Fr skt H3sicln & 4 9l

Table 1ol4] B/L 3t-& 2 2wi%ol| A 2 x)-g e, o]
g A oA vehd Bagdkl whE 7t Hofg) ukg EAFE
A x X3 AAE Bt

32. wigewol o
£A2)E R Ful el n¥ule] )43} uhee] $4 2 A

G B WS LEe] e EApsIch S B3 194
o] 7V $& AR WA Badtao] 2wl YAFAIGE A
sled 350 °Colld 500°Ce) = WelolA el 7, 7t LxolA
qg A7be] 15417 o)l 9] olaidl 8 o WhE ¥AHES
k& Fig. 691 eisic.

Fig. 614 2.5 u}o} ko] o] 42 ele] 8.8 450°C ZH oA 3
T (% 27 %yE b AL, ALE(400 °C) o) Aboll A uhkg B
Abge] ofo] AhH R Ak AE Sele 4 Ak

Table 1. The location and area for pyridine adsorbed infrared
bands of fluorinated y-alumina

Catalysts X Bmf]sted sites Lc_wns sites Bl BIL
wi% F content ¢m™'  area cm™'  area

0 - 0 1450.6 2905 2.905 0
1 1541.2 0.567 14525 3.150 3.717 0.18
2 1545.1 1.186 14525 3.205 4391 037
4 1545.1 0.621 1452.5 2.698 3.319 0.23
6 15451 0.562 14525 3306 3868 0.17
8 15432 0.333 14525 3.026 3359 0.11
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Fig. 6. Influence of temperature upon the yields of isobutene and
side product.
WHSV=3hr ', ®: yield of isobutene, A: yield of side product
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Table 2. The variation of catalytic activity with respect to the amount
of catalyst after 10-hr reaction at 450 °C

Amount of Height of 1-Butene Isobutene Isobutene
catalyst catalyst conversion selectivity yield
(2) (cm) (%) (%) (%)
0.1 0.47 29.8 73.7 220
0.2 0.93 443 64.1 28.4
03 1.35 474 57.6 273
0.5 2.26 49.6 424 21.0
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Fig. 7. Side product distribution with respect to reaction time over 2
wt% fluorinated y-alumina.
Reaction temperature 450 °C, WHSV=3 hr™', ®: methane, O:
ethylene, *: n-butane, A: i-butane, %: propylene, +: pentenes,
O: hexenes
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Fig. 8. Influence of reactant dilution upon the yields of isobutene
and side products.
Reaction temperature 450 °C, ®, O: yield of isobutene, A, AN
yield of side product. open symbol: He/1-butene=6, closed sym-
bol: He/1-butene=2.
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