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Catalytic Performance of Several Zedlite Catalysts
for Oligomerization of Butene 2
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Abstract : Butene-2 oligomerization was performed in a continuous flow fixed bed reactor. Severd zeolite cata
lysts with different acidity and textura properties were investigated in order to show the effects of acidity and
pore dze on the catayst activity and seectivity for butene-2 oligomerization. A lid phogphorous acid catalyst
was included as comparison. The acidity and pore sze of various zeolites are important factors that influence the
catayst activity and selectivity for higher olefinsin oligomerization. The zeolite with an 8 membered ring system
shows low activity because of the strong diff uson red stance to butene-2. The zeolite with an 12- membered ring
system lesens the diff uson limitation and resultsin a higher activity at lower temperature. Asfor the zeolites
with a 10- membered ring system , the pore sze and strong acidity improve the catalyst activity and selectivity for
higher olefinsfurther. Compared with the solid phogphorous acid catalyst with Cg. sdlectivity of lessthan 30 %,
the zeolite catalysts, such as ZSM-5, ZSM-22 , andB with 10- and 12-membered ring systems and with strong
acid dtes, show Cg. sdlectivity of more than 50 %, which indicates the better cataytic performance of the zeolite
cataysts.
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Fg1l XRD patternsof various zeolite samples
(1) zSw-5, (2) zSm-22, (3) SAPO-11,
(4) SAPO-34(a) , (5) SAPO-34(h) , (6)B

1
Table 1 Pore structure properties of various zeolite samples
Ager _Aet _Amc Vi Vhic Pore sze
Sample 5 5 >
m¥g m¥g midg m/ig m/g (nmxnm)

ZSM-5 366 128 238 0.274 0.117 0.54x0.52 10
ZSM-22 195 12 183 0.476 0.092 0.44x0.55 10
SAPO-11 171 52 119 0.226 0.056 0.39x0.63 10
SAPO-34(a) 298 42 255 0.201 0.126 0.38x0.38 8
B 413 187 261 0.377 0.108 0.57x0.75 12

Ager - Sedific surface area; Ao Externd surface area; Apic
Micropore surface area; Vi Totd pore volume; V nic— Microp-
ore volume; N — Member numbersof the ring.
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FHg2 NHgz TPD profilesof various zeolite samples
(1) zZsm-5, (2) zsw-22, (3) SAPO-11,
(4) SAPO-34(a) , (5) SAPO-34(b) , () B
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22. SAPO-11 ,
ZSM-5 , ZSM-5
ZSM-5  ZSM-22
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3 , ZSM-5 )
ZSM-5 SAPO-34(b)
ZSM-5 , SAPO-34(a)
ZSM-5 , SAPO-34(b) ZSM-5
B )
2 NHg TPD

Table2 NHg TPD data of various zeolite samples

Peak temperature () Rdative peak area

sample LT MT HT LT MT HT
ZSM-5 211 327 419 7.29 1.97 3.88
ZSM-22 208 311 413 5.96 0.93 2.48
SAPO-11 196 307 - 7.13 5.02 -
SAPO-34(a) 197 316 423 11.77 3.63 7.49
SAPO-34(b) 184 309 - 4.44 0.97 -
B 201 307 428 12.79 5.76  3.58

L T~ Low temperature; MT — Medium temperature; HT —
High temperature.
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Scheme 1 Reaction route of hutene-2 oligomerization
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Table 3 Resultsof butene-2 oligopmerization over ZSM-5 Table 4 Resutsof butene-2 oligomerization over

Liguid compostion (%) zeolites with 10-membered rings

0/ Y(L)! % - ~ - — "
= 3 s Liquid compostion ( %
G-z Cs Cos Sample 6/ Y(L)! % N g rrpoz ( 0)=
210 32.7 6.6 64.4 28.9 5-7 Cs Co
230 53.9 6.5 42.5 51.0 ZSM-5 230 66.6 7.3 38.2 54.5
240 82.2 4.7 25.0 70.3 260 75.3 7.0 13.8 79.2
250 84.4 5.5 20.2 74.3 300 84.3 15.6 10.5 73.9
260 86.0 5.5 16.9 77.6 ZSM-22 230 63.1 1 41.5 55.8
270 83.4 9.3 9.9 80.8 260 66.1 7 38.5 55.8
280 83.0 10.5 9.3 80.2 300 76.9 13.0 29.9 57.1
300 84.5 14.8 8.4 76.8 SAPO-11 230 34.5 4.2 71.3 24.5
Reaction condtions: feedstock compostion butene2 260 48.7 5.2 66.3 28.5
89.84 %, nmbutane 9.50%; V=10 m ,LVHS=1h"?!, p 300 64.9 6.7 59.8 33.5
=4.5 MPa, n(S0,)/ n(Al,03) =60. The reaction conditionsare the same asin Table 3 but p=4.0
L —liquid. M Pa.
ZSM-5, ZSM-22 SAPO-11 2.4 SAPO-34 -2
: : 3 5 -2 SAPO-34
SAPO-34 260
4 -2 300 , 20 %, ZSM-5
4 2 230 (53.9%) . SAPO-34
[ 3 C:9:+
5 -2 SAPO-34
' Table 5 Resultsof butene-2 oligomerization over SAPO-34
ZSM-5 Liquid composition ( %
_ Sample 0/ Y(L)! % =q po= ( 0)=
Co+ ; ZSM-22  SAPO-11 Cs.7 Cs Co:
— SAPO-34(a) 14.5 11.5 60.7 27.7
' Co+ 18.5 6.4 72.6 21.0
-2 SAPO-34(b) 4.9 4.3 32.7 63.0

The reaction conditions are the same asin Table 4.
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, ZSM-5 7 -2 SPA
Table 7 Resultsof butene-2 oligomerization over SPA catdyst
’ ' 0/ Y(L) % - Liquid oomptzsition (%) -
! ! Cs.7 Cs Co
SAPO-34 ZSM-5. 180 46.2 5.9 73.9 20.2
2.5 B -2 210 67.2 9.4 63.1 27.6
220 62.8 8.1 71.0 20.9
6 "2 B The reaction conditions are the same asin Table 4. SPA —
ZSM-5 B Solid phosphorous acid.
, , 210 B
Co+ 62.8% 52.0%, 3
ZSM-5; 230 B
Cs ZSM-5.  ZSM-22 "2
230 L Co+ '
7SM-22 "2 ’ ) ’
Co+ ,
6 -2 B
Table 6 Resultsof butene-2 oligomerization over3 zeolite
8/ YL/ % _ Liquid oompfis'tion (%) _ C9:+ . SPA )
Cs. 7 Ce Co -2
180 54.5 5.0 50.6 44.4
200 63.2 4.8 42.2 53.0 '
210 62.8 5.2 42.8 52.0 '
230 66.4 7.2 33.6 59.2
260 62.3 8.2 35.8 56.0
300 62.4 11.0 42.1 46.9
The reaction conditions are the same asin Table 4.
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