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Abstract— Variations of conversion and selectivity in the skeletal isomerization of 1-butene with the loading of alkali

on silica-alumina catalysts were investigated. Surface area and the number of acid site of silica-alumina decreased with the
alkali modification. The conversion of 1-butene decreased but the selectivity to iso-butene increased when the loading lev-
el of alkali increased. The decrease in the conversion, the increase in the selectivity to iso-butene and the depressed deac-
tivation of alkali-modified catalyst were related to the acid site concentration. The improvement of the selectivity to iso-bu-
tene with alkali loading was due to the decrease in the acid site concentration, resulting in suppression of multi-molecular

oligomerization followed by cracking.

Key words : 1-Butene, Skeletal Isomerization, Silica-Alumina, Alkali-Modification, Acid Site

LN =
n¥ R DA SoolA] BHONBEES AH o) aEle,
= F99 F 29750 C, C, ¢ 5 ol wala e Andc

[1). n-¥ AR o 2rdlo] ARHE FAoldsgo
AHEE Zofe] weh 27 debd, s elelo] E(FER)[2, 3], MCM-
22[4], Co-AIPO,-11[5] #AHA ool Aelir} o1}, ZSM-
S[61%+ Bota[7] A-g2o] £} U2)7}-2uli{1] Sofolrle AuE
7o ek GR0 S S Al ok Sk
AN 2o Alge] AL el AuEs} ou} ¥4 9|
3ol W Eoholdis AL ok wieh(s 9]

Agtol = FHA AT M Fofel e ATFE} 4
HES QAR HBE S QAR SEoIA APl T Yo
A 2717 g EAdse Ba G|l we} AN} e &

"E-mail : gseo@orion.chonnam.ac kr

571

el e AFTTEE AU Hol g Asly] ofct. 4717} )
3 FER#} ZSM-5 A 22to] 2ol A4 $29] A <lz}el SAl &
H7} Zeb s Al W) 34 9] wi (2], FA o)A shure
o AME Aol & A Est FAAE 42 @} o] urhe 4k

B0 Aot gl E ATTE Aoz Yl ¥Ab] Bx
Jej7}h debd A} dacks 44, & F49 29 EAg) 9

A el T WA whgo] A=Y FAo|dshikg Ml
7t opzleke Adwe] gejAolct.

HEA WA 2E AA aelo] olaRElo R Ak}, ni
ol A2 uhgsle] F3AE BEW e F o) o]4¥-dl o]9e]
e ’bteavt AR Solo] wE A58, 11-13)
7 ol Ahuk-8(3,14,1518) A2 WEE Apol7} FAo)4surg A
S 59] gdelo] "ol dwolc}. FERS) So|gt Al 2722 Q8 n-
Falo] WelA F48] wEel o] FAESo] AA|H o)A FAo
ABPibg o) MRS} 58 5 AIrH2, 6). Wbl GE0]h Sofol

2 W] Hom Aat Abge] Mol Az Helx EAlshr



572 e - 3AFE

2, &AstEl Rl uhgo] olAlsoA EApgel FA0|Ad5

8hg AR RS} ErHB]. 5, ATTEG 2 A B 23] ¥
S A RE A Aolst B shige) Adw A Qlxle
= Anelch,

A7 el e 4ol 4y AN, G2 @
g wpre] A $EE 22T 4 9k Gde) Al wet
FAC SR ) AHEs) el ZAol43hge) AdEg
47 sl o) BE 4 Ak o] AL YU E G
AAA AAEE WAR) Aelrhd ot Zolg Alzsle] 13
e 2o 4B FAlslslch. A FAZ A% FAo
spahe e Wste e A s AUEe] JRHe 2t
oAk,

2

-{a

L
oy

248 #

2-1. Z04RI=

Alg]7}-eF2 v (Davidson silica-alumina; 459} 3H=F 13 wi%,
SAZ 7))l G 50-E W3 dE 7 B& AA3] FHEA
7l W o2 obde] W) Alejgl-diRev 20 Alzsisct o
Z2] G2 F 373KollA] 8|7t ZAxs}ar, 823 KellA] 447k 24 shsd
t}. 9Ze] 2= LIOH-H,O(unsei Chemical Co., Ltd., 95 %), NaOH
(Junsei Chemical Co., Ltd., 93 %)2} KOH(Junsei Chemical Co., Ltd.,
85 %)E Al83l9l 0w, LiOH, NaOH, KOH ©A|2& 0.26x10°°
mol/g © 2 ZA| Z2Aslsdct & v o2 KOH ©@x]#Fe] 0.11x
10 mol/g=} 0.36x 10 mol/ge! Zv|= AlFslgic}. mmol wH$]2)
obzhe] x| e 4 FHE A S E PEEkich A8
=1, 0.11K/SA Zuj= Ae]sh-g-Fuu) 1gof) KOHE 0.11x107
mol A A|A A x5}t

2-2. &0 EM

Yo Faek 2R E olfste] 77K A7 A4 FAE
L4 o 2 He] BET 93-& Akt 24 3817] Aol 573 KollA]
2A17F A 85 w718t B8 AlAslsie

A EE gkRyo} 42 g3t Alg e g zalslgirh 8] ) 0.1
g& AF 7|FelA 823KE 242t w713 F WA A A, 353 Kol
Al gtrujols B W] 3435 F3E R SR 2 2
oA 247F w71 XA EERE gryolE AAR F, 10K/
min & 823K7}A| $-&47|n &2ty okni)olE TCD A7)
2 ZAslgr}.

2-3. B34

148 A3 AM-E4] WSV 5 o] 83le] xAls)
RHB] #17e] 1/2"9] 2 lE A7k W7o &0 02g2 4
A)7)31, 823K o} 2Z (@A}, 99.99 %) 7)ol 2417k E<k G4
AR W EE 723KolT of2/1-tE Eul7h 4.9(1-H
9] #92 31.5kPaydl 27el|A Fofiuk3-& 2SI ukg- A
E-2 278KZ fX]=+= sebaconitrile 23 (1/8"x 2m)3} TCD 7 &7)
7} AX¥) ZRo}E 72 Z(Varian Aerograph 1420)2 ¥-413}gic).
15513 2-5-517F o] 523 o] Fol A 3uk-g-& FA| A shikgot
g F =ZAA qbgel vlE)] vig whac), 2Rl o] iReloz Ao
S5ng 278 wSER Zhgste] Askes) AYEES oldg}
7o) A o)yt

AR EQ-5E A )] B

A= —— g g e W

31515t MI36A Mi4E 1998 8

-k]

i

—— SA

------ 0.11K/SA
---------- 0.26K/SA
0.36K/SA

TCD response (Arbitrary unit)

500 600 700 800 900
Temperature (K)

Fig. 1. TPD profiles of ammonia from SA, 0.11K/SA, 0.26K/SA and
0.36K/SA catalysts.
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Fig. 2. TPD profiles of ammonia from SA, 0.26Li/SA, 0.26Na/SA and
0.26K/SA catalysts.
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Table 1. The variations of surface area and peak area of ammonia
desorption of SA and alkali-modified SA catalysts

Relative ratio”

Peak area

Surface . Peak area

Catalyst A of ammonia Surface .

area (m’/g) d . of ammonia
CSOI‘pthH area .

desorption
SA 267 953 1.00 1.00
0.11K/SA 223 756 0.84 0.79
0.26K/SA 213 523 0.80 0.55
0.36K/SA 175 368 0.66 0.39
0.26Li/SA 226 874 0.85 0.92
0.26Na/SA 215 610 0.81 0.64

‘Numerical integrated peak area of ammonia from TPD profiles(arbitrary
unit). "Surface area and peak area of ammonia desorption of SA catalyst
were taken as base.
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Fig. 3. The time dependences of the conversion of 1-butene and the selectivity to iso-butene in the skeletal isomerization over SA, 0.11K/SA, 0.26K/

SA and 0.36K/SA catalysts.
Reaction temperature=723 K, P, 4en=31.5 kPa, WHSV=3.1h "
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Table 2. Product distributions in the skeletal isomerization of 1-bu-
tene over SA and alkali-modified SA catalysts at 723K*

_._j‘_./d 2+

Conversion Selectivity
Major reaction of to
1-butene iso-butene

Concentration Preferred
of acid sites reaction path

Catalyst Conversion Selectivit).V(%)

(%) G, C, iso-C, N
SA 30.5 23.1 2.3 53.4 21.1
0.11K/SA 25.7 21.1 22 58.8 17.9
0.26K/SA 9.9 13.0 42 70.9 119
0.36K/SA 7.8 10.0 4.6 81.9 3.4
0.26Li/SA 18.6 21.7 1.9 58.0 18.4
0.26Na/SA 12.1 17.8 44 63.5 14.3

“WHSV=3.1h"", P, su..=31.5kPa, data from 60 min of the reaction time.
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Fig. 4. The variations of the conversion and the selectivity over SA,
0.11K/SA, 0.26K/SA and 0.36K/SA catalysts.
Reaction temperature=723 K, P, 5n=31.5 kPa, WHSV=3.1 h'
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