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Dimerization of Propylene with Alkali Catalysts (II)

— Dimerization of Propylene with Sodium-Potassium
Alloy Catalyst and Sodium-Potassium
Carbonate System Catalyst —

Takehiro OzaKI, Norihiko YONEDA, Kazuo AOMURA
and Hiroshi OHTSUKA

(Received August 30, 1968)

Abstract

The catalytic behaviors of sodium-potassium alloy and sodium-potassium carbonate
system in the dimerization of propylene were observed.

Sodium and potassium carbonate themselves did not show catalytic activity in the
dimerization of propylene. However, sodium-potassium alloy and heat treated sodium-
potassium carbonate mixture showed good catalytic activity comparable to that of potas-
sium metal.

In the case of sodium-potassium carbonate cataylst, the K" ion presumably produced
by the cation exchange of the carbonate was considered to play an important role in
the catalysis. For a sufficient explanation of the high activity of the alloy catalyst,
further discussion will be necessary. The alloy catalyst showed the highest activity

around the eutictic mixture composition.
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Fig. 1. Effect of the Composition of Alloy on the
Propylene Dimerization.
%! Results obtained with the Corresponding amount of K metal
to that Contained in the K-30-Na-70 Atomic % alloy.
%2 Feed Propylene Base.
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Fig. 2. Effect of the K-Base Catalyst Amount on the
Propylene Conversion Rate.
® ---The amount of K was changed by changing the alloy
composition.

O} The amount of K was changed by changing the total
©) catalyst amount.

Table 1. Effcet of Composition of Alloy on Dimer Composition

Alloy, atomic % A% B% C% D% E% F% G% H+1% % A/(B+C)
K 30 Na 70 38.55 9.38 34.2 1.42 1.17 1.26 1.38 10.64 2.00 0.885
K 50 Na 50 38.1 9.68 36.0 1.72 1.06 1.10 1.01 9.68 1.58 0.835
K 66 Na 34 403 100 320 244 105 146 090 10.0 1.79 0.960
K 8 Na 15 426 1067 324 271 043 141 058 766  1.65 0.989
K 100 50.4 8.63 277 2.53 0.44 2.20 0.42 6.02 1.65 1.39

A : 4 Methyl Pentene 1 E: Hexene 1 1: 2 Methy! Pentene 2
B: 4 Methyl Pentene 2 (cis) F: 2 Methyl Pentene 1 J: Hexene 3
C: 4 Methyl Pentene 2 (trans) G : Hexene 2 {(cis)

D: 2 Methyl Pentane H: Hexene 2 (trans)
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Fig. 3. Effect of the Alloy Catalyst Amount on the
Propylene Dimerization.

% Results obtained with the Corresponding amount of K-metal to
that containd in 0.015 mol of the K-66, Na-34 atomic % alloy.

Table 2. Effect of Catalyst Amount on Dimer Composition

5 1 . ~ ~ .

%ﬁ%ﬁwpﬁﬁ A% B% C% D% E% F% G% H% 1% J% A/B+C)
. :

0.015 | 630 592 208 055 012 308 049 261 219 121 236

0.023 51.0 799 283 107 080 208 090 279 378 128 1.405

0.036 466 860 307 1.14 062 150 106 300 529 150  1.185

0.050 472 785 308 128 074 150 086 286 506 186 122

4 Methyl Pentene 1

4 Methyl Pentene 2 {cis)

4 Methyl Pentene 2 (trans)
2 Methyl Pentane

Hexene 1 1: 2 Metnyl Pentene 2
2 Methyl Pentene 1 J: Hexene 3

Hexene 2 (cis)

Hexene 2 (trans)
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Fig. 4. Effect of Calcination Temperature of the Na-K,COj; Catalyst
on the Propylene Dimerization. (Calc. Time: 3 hrs)
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Table 3. Effect of Calcination Temperature on
Dimer Composition

Calcination Temp. ‘1 A% B% C% D% E% F% G% H+1% 1% A/(B+C)

89
180 51.6 9.10 27.2 1.88 0.40 1.75 0.47 6.48 112 142
300 21.6 1045 404 228 2.83 0.66 1.21 18.7 1.82 0.424
400 30.7 1047 39.0 1.62 1.12 1.06 1.10 13.2 1.72 0.620
500 39.4 9.48 329 2.22 1.23 1.30 0.75 10.84 1.80 0.929

A : 4 Methyl Pentene 1 E: Hexene 1 I1: 2 Methyl Pentene 2

B: 4 Methyl Pentene 2 (cis) F: 2 Methy! Pentene 1 J: Hexene 3

C: 4 Methyl Pentene 2 (trans) G : Hexene 2 (cis)

D: 2 Methyl Pentane H: Hexene 2 (trans)
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Fig. 5. Effect of Reaction Temperature on the
Dimerization of Propylene.
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Table 4. Effect of Reaction Temperature of
Dimer Composition

&“?TWW A% B% C% D% E% F% G% H% 1% 1% A(B+C)
OC)
140 672 422 1369 144 082 577 019 099 478 099 375
164 57.2 591 1928 161 152 422 041 161 707 122 227
180 516 910 272 188 040 175 047 162 48 112 142
197 337 1052 373 189 135 092 135 28 692 1690  0.704

4 Methyl Pentene 1

4 Methyl Pentene 2 {cis)

4 Methyl Pentene 2 (trans)
2 Methyl Pentane

Hexene 1 I1: 2 Methyl Pentene 2
2 Methy! Pentene 1 J: Hexene 3

Hexene 2 {cis)

Hexene 2 (trans)
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Fig. 6. Effect of Ratio K;COs/Na in Catalyst on the
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Table 5. Effect of the Ratio of K;COy/Na in the
Catalyst on Dimer Composition
K3CO4/Na ‘ A% B% C% D% E% ¥F% G% H% 1% J% A/B+C)
0.7 46.7 7.49 27.05 1.44 1.49 2.45 1.09 253 8.32 1.53 1.35
1.25 \ 51.6 9.10 272 1.88 0.40 176 047 1.62 4.86 1.12 1.42
1.75 |4z 8 8.76 30.79 3.00 1.19 1.63 0.77 2.15 7.19 1.70 1.18
2 46.2 7.66 27.4 2.28 1.08 2.26 1.24 2.82 6.92 2.19 1.316
A: 4 Methyl Pentene 1 E: Hexene 1 I1: 2 Methyl Pentene 2
B: 4 Methyl Pentene 2 (cis) F: 2 Methyl Pentene 1 J: Hexene 3
C: 4 Methy!l Pentene 2 (trans) G : Hexene 2 {(cis)
D: 2 Methyl Pentane H: Hexene 2 (trans)
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Table 6. Effect of Catalyst Amount on Dimer Composition
atalyst /1 - .
Coplys/pmol | A% B% C% D% E% F% G% H% 1% J% A[B+C)
0.05 4735 827 2761 208 109 204 065 212 711 168 1.32
0.075 44.0 8.25 2781 340 171 219 085 247 769 1.59 1.22
0.10 413 882 3069 307 133 161 088 212 873 144 1.047
A : 4 Methy! Pentene 1 E: Hexene 1 I: 2 Methyl Pentene 2
B: 4 Methyl Pentene 2 (cis) F: 2 Methyl Pentene 1 J: Hexene 3
C: 4 Methyl Pentene 2 {trans) G : Hexene 2 (cis)
D: 2 Methyl Pentane H: Hexene 2 (trans)
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Fig. 8.  Effect of Reaction Temperature on the
Dimerization of Propylene.
Table 7. Effect of Reaction Time on Dimer Composition
React. Time | A¢y Boy C% D% E% F% G% H% 1% 1% AJB+C)
(hrs)
1 602 673 1865 220 063 422 024 153 447 1.05 2.37
2 59.2 6.81 19.41 1.44 0.64 402 0.51 2.20 4.39 1.40 2.26
3 52.7 7.42 25.63 1.25 0.51 2.60 061 2.50 5.40 1.36 1.59
5 516 910 272 1.88 040 175 047 162 486 1.12 142
A : 4 Methyl Pentene 1 E: Hexene 1 I1: 2 Methyl Pentene 2
B: 4 Methy!l Pentene 2 (cis) F: 2 Methyl Pentene 1 J: Hexene 3
C: 4 Methyl Pentene 2 (trans) G : Hexene 2 (cis)
D: 2 Methyl Pentane H: Hexene 2 (trans)
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