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Dimerization of Propylene with Alkali Catalysts (I)
— Dimerization of Propylene with Alkali Metal Catalysts —

Takehiro OzaKI, Norihiko YONEDA, Kazuo AOMURA
and Hiroshi OHTSUKA

(Received August 30, 1968)

Abstract

Dimerization of propylene was investigated in the presence of alkali metal catalysts.

Under optimum reaction conditions (reaction temperature: 180°C, reaction pressure:
200 kg/cm?, reaction time: 5 hrs, amount of catalyst: 0.05 mol/1 mol propylene), the fol-
lowing results were obtained. propylene conversion rate: 84.7%, liquid polymer yield:
63.8% (feed propylene base), 75.4% (reacted propylene base), dimer content in liquid
polymer: 94.4%. The conversion rate of propylene increased with the increase of
reaction temperature and reaction time. However, under severe reaction conditions,
unfavorable thermal decomposition occurred resulting in a decrease in liquid polymer
yield and the migration of double bonds from the 1-to 2-position in the dimer molecules
was observed.

By adding ethyl alcohol to the reaction mixture after the reaction, from which the
unreacted propylene was expelled prior to this treatment, an evolution of an appreciable
amount of propylene was observed. This result suggested the existence of [CH,=CH-

CH,:1" X' in the reaction mixture as a reaction intermediate.
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Fig. 1. Experimental Apparatus.
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Fig. 2. Effect of Reaction Temperature.
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FErAic 2z, =8y, TrAvpgliehl LR bhs L ARG, MBECNET 2
AZ oy SRPBESBEINT S Z Ll EnD, BE T e v vy R B B RO RUE A Z
Twblehb#Exbhs, ¥, 2BERREVFIGRED LR E L LTETOERBAYRTO
i, BUSTRIE O BRI 3~4 BARO ARSI 200 s E2 b5,

AR 2 B O RIGEREIC X 5 8% Table 1 1wmd, ARSI HE T, &-AF 1Y
TVl DERAERIETH A, RIGRED LA L & L 2 EEGOBENT X 2 BELRKIGH
P B T DB EE I 4~ A F A2V T V-2 DERMNE e h, TORE, Ehick
5 AB+C) B LT 5,

Table 1. Effect of Reaction Temperature on
Dimer Composition

React.
T(emp. A% B% C% D% E% F% G% H% 1% 1% A[B+C)
°C)
164 | 7317 558 1502 055 000 379 000 08l 069 039 3.55
180 50.4 8.63 27.7 2.53 0.44 2.20 0.42 1.96 4.06 1.65 1.39
197 41.7 11.14 35.32 3.56 0.36 0.82 0.20 1.69 3.82 1.40 0.897
226 29.53 14.31 39.11 545 1.31 0.91 0.29 1.32 6.19 1.58 0.552
A : 4 Methyl 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. 3. Effect of Reaction Pressure.
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FOGENO BB JETREC W o REY Fig. 3 1RT, ok RKEsmfir, K
& 180°C, RUJGHE S5 M), s 006 = - h Vo s/l - T oLy L, .
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Table 2. Effect of Reaction Pressure on
Dimer Composition
React.
Press. A% B% C% D% E% F% G% H% 1% J% A/B+C)
(kg/cm?)
130 53.43 8.50 2542 2.56 0.45 2.12 0.35 1.62 3.95 1.60 1.58
158 52.23 8.65 2520 2093 0.62 2.61 0.52 1.75 3.92 1.57 1.54
200 50.4 8.63 277 2.53 0.44 2.20 0.42 1.96 4.06 1.65 1.39
240 | 50.53 8.38 2733 296 0.47 2.00 0.48 1.52 4.62 1.71 1.42
A : 4 Methyl Pentene 1 E: Hexene 1 1: 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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Table 3 4 X O° Fig. 5 12 /£ 2 S (bALAIC R 2 RUEH M 0 B8 2R, SUGHTM & <
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Fig. 5. Effect of Reaction Time on Dimer Composition.
Table 3. Effect of Reaction Time on Dimer Composition
React.
'%ﬁr:;«%) A% B % C% D% E% F% G% H% 1% J% A/B+C)
1 76.26 472 999 074 0.00 5.54 0.00 0.99 1.10 0.66 5.18
2 73.2 5.17 1228 0.96 0.11 5.04 0.00 1.48 0.85 0.93 4.19
3 66.76 6.28 1860 1.10 0.16 3.17 0.26 1.57 1.33 0.77 2.68
4 57.72 7.58 2446 140 0.26 2.43 0.44 2.08 2.52 1.11 1.80
5 50.4 8.63 277 2.63 0.44 2.20 0.42 1.96 4,06 1.65 1.39
9 | 44.2 10.07 32,55 4.43 0.48 0.90 .45 1.47 417 127 1.04
A : 4 Methyl Pentene 1 E: Hexene 1 1: 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. 6. Effect of Catalyst Amount on Dimer Composition.

Table 4. Effect of Catalyst Amount on Dimer Composition

1

Caalyst/pmol | A% B% C% D% E% F% G% H% 1% 1% A/B+C)
0.01 5578 6.59 2348 091 097 280 031 153 6.16 147 1.86
0.02 53.6 7.92 2607 173 044 245 058 204 384 1.34 1.58
0.03 56.8 825 2527 193 014 203 0.12 156 287 101 1.69
0.05 504 863 277 253 044 220 042 196 406 1.65 1.39
0.09 54.25 8.34 26.0 314 043 226 030 155 282 092 1.58

A : 4 Methyl Pentene 1 E: Hexene 1: 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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& 180°C, KISH 77 200 kg/cm?,
, BN SR Tableb o oL K TH D, Fio, A2 BEMARIL
277% (» 5 v A),
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d-AF LT -2
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Table 5. Dimerization of Propylene with Alkali Metal
Catalysts at Optimum Conditions
Catalyst Propylene Ratg(c))rflvlzigg}rfllene Polymer Yield JDimer Content; Dimer Yield
(mol) (%) (%) (%) (%)
Na 4180 1.28 0 — —
i 63.8()
K 4,16(0) 84.7 93.4 59.6
75.4(d) i
(a) Pure C3Hg was used {(¢) Feed propylene base
(b} P-P fraction was used (d) Reacted propylene base
React. Conditions
React. temp.: 180°C React. press.: 200 kg/cm?
React. time : 5 hrs. Amount of Catalyst: 0.05mol/1 mol propylene

Table 5 BB ML 510, 7+ VU AEKFULEET TRIEE A EEERRE L0, K
FIGORIGE#ED D E 2T, e LTHUORAERBE»F4 v & LTERT L2806
Eh=vs ey LeTuT7on ) &ERARNBEFRAET2L0EE26R 5,

Table 6 IZffi2 DT A A VHEOA & vib=FrF—, BRIEEE, HAMEi= 51 ¥,
LR EaRT, i, v E2y APery ARBINARRINIC B\ TRFHIELS /s
D5 hZENTHEINS,

>

Table 6. Properties of Alkali Metals

Alkali Metal Energy of lonization Work Function

.. i |
Electro-Negativity ‘; Bond Energy ]
|

|

|

i

|

1
Cs 89.2 | 0.4 | a1 181~196
Rb ‘ 95.8 ‘ 05 39 2.09~2.16
K 9.5 06 427 160~2.26
Na 177 07 47 160~228
Li 1235 ‘1 038 58 | 2.42~2.49

3.6 RIcHECHT IERER
—T Uy A0 XD TefEFAR IR (R X Ol
FOMGREEE LTEELEE 2, BohicEhEsEs

1T B BUGWC R LTk
BT DENTES, LrL, 4F

s PN
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THANS =F VIEERCHR ST,

KNS THES NI EL B L, LA vl v T b Y SIBERETE S
WEWSHELD, 1AL LT ABIEGBE e vy I D RIE R4 E LT
[CH,=CH-CH,:] K" 0fEENE 2 bR b,

— RS BCA NP RECHET B 2L, =4 v okl [CH-CH=CHo
CH,=CH-CH,] n\# 2z bh5 o kic&nt, [CH=CH-CH,:] K" 24 UIFET 5 7c 513,
ZO%L OB EE LD L B d, + 2T, RIGHKTBRREIG 7 A et mEil L,
DT F AT A2 — A%k ISR TRI,

Fig. TRRIEHFADH A7 m=< + 75 &, Fig. 8 WHEFBIRBEORLHERApP O AD 7
A m< I a, Fig QR =F LT A a—Aux Mz cObLDRIGERRFOF A7~ 75

AR,

Nz NZ NZ
Propylene
Propylene >
Propane
FPropane
\‘LA It i A L L Y L
Retention Time Retention Time Retention Time
Fig. 7. Cas Chromatogram Fig. 8. Gas Chromato- Fig. 9. Gas Chromatogram
of the Gas Phase in the gram of the Gas Phase of the Gas Phase in the
Reactor after Reaction. in the Reactor. Reactor.
(Before replacing with Ny) (After replacing with (After replacing with Ny fol-

Ny) lowed by C,HsOH Addition)
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e LVESRIGBOREIE S AL, ®#E, Teiv, TedvvhbEIToTE
D, =FATAI—AEMELIoS LT X o CHRET L HFARFERE, ey, Tedvvn
LIRAMERIGEH AL LTI r E LYy ORENIEFEICE G, Lichi- T, RULBRAOEHEF
BRLTCWIREIGEF AP EFAT L a— A" Mitcl S Lh, L TELLDEITHEZ
B, RIERNO [CH=CH-CH,:] K" =571 a—A tRELTT A 25— L
V7 e Ly DORENERTHLOLEELZLND, TihbbIDORED T v L LYy DIEAILK
GRS [CH,=CH-CH:] K" OFELHET 5 20F N RBRHFEL R TLL,

::K,41ymb%¢vﬁm@£fwEVV@ZEm&mmﬂL%%%@%ﬁfééc

g,4;%»&7%%&%}@&%féb,i&%@&aAEﬁC£{ﬂ}C@f&é:a
[CH,=CH-CH,:]1 K™ BRIERCHELET S L7 ENBRD L5 RS A EZE L bh 5,

> [CH,=CH-CH,:] K"

CH,
H,-CH=CH s
_+CHy-CH=CH, [CH2=Q—CH2—C:3—CH2:] K

H H

CH,=CH-CH;+K"

CH,-CH=CH .
ii—éL———_—iK}b=CH41L;]K‘+CHf=CH4xL4yLCH3
CH,
Fiz, TV AMEBEBBEOME (allylic substitution) 7%, EXRCTHERT L4712y F
vl bE T e b vITROISCPMEX N T ARV BN 2EE S BRI s LCERL,

4= RFNRYF =2 2= AF NV T -2, KENERT D,

CHy
CH,=C-CH,-C-CH,
H H
- CH,
= -—CH,=CH-CH-C-CHj,
K =
H
< CH,~CH=CH-CH-CHj,
]
CH;
CH;-CH=CH,
= —%, CH;-CH =CH-CH-CH,
1
CH,
CHy o
(HL=§}CHTQ4ijE?C}L=CHECHfP4X%
H H CH,
. CH;-CH=CH,
<~»CHTCHfCH:q4}gW~immmm %, CHy~CH,~-CH =C-CH,
I
\ CH, CH,
. CH;-CH =CH
CH,-CH,-CH-C=CH, —— 3E~—PNLCHfCHrCH:C4Hh
[

CH, CH,
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Flo, /IATANFL HERERKOLISCLTCTEETSLDEE 2 bR,

>[CH,=CH-CH, :] K"

. -H
CH,=CH-CH,+K" -
MD%P
CH,~CH=CH .
% [CH,=CH-CH,-CH,-CH,~CH, :] K’

CH,-CH=CH, -
~~~~~~ = CH, =CH-CH,~CH,-CH,~CH;+[CH, = CH-CH, : ] K’

3.37. ¥ & &
HY T Ao L ETO T e Ly 2 BRRIGKB\VT, RIGRE 180°C, KGE 200
kg/cm?, SEIGHERIS MM, MRl = - T e LI L 005 B h U Y ADSLE T O
ROFEER [Fe € v vigiiEK 84.7%, T IIEE638% Gk 7 » & v v ILHE), 754% (RS~
R LV, 2 RAGRIRGR 93.4%] A, ZOBEOEN 2 BAME, 4-xFv T
v-1: 504%, 4—AF v Fv-2: 863% (v A), 2717% (+ 5 v A), 2= 2 F L1y Fv-1:
220%, 2—-AF v Fv-2: 4.06%, TOM/ L= ~F L VEHTH -T2,

AR B TRIGHEM A R T2 S RRIGMER T T5 2 il 7 e & v vilEERY
EAEERR, 2EEERBET L, ¥, AR2 Rikdo 2 Tfla o B85 itilo
RGO ET B 2 E RSB N, RIGEE 200 kg/em? B TGS LIETE8 5+ 0
Hdbhis {12,

¥, RIGBERRIE7r vy alE L RIBRIC=FATA 2 A%z b LI X
h, TrEvyOREERRbI, ZOZEMD, ERMICE [CH,=CH-CH,:] K" 2#1E
THIENEZBR, ZOLONRKGPHHAEE LTERT2E LT, BT A~ 2 4K
Wy BUSHEREINT B 32 & T &,

2 E X
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