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Abstract: The product butene mixture (B-B raffinate) from butadiene pro-
duction in naphtha cracking plant was directly polymerized under various
reaction conditions in search for the possible application of otherwise wasted
product.

Analysis of butene mixture by gas chromatography indicated that unsaturated
components were added up to 80%. Sulfric acid, aluminum chloride and boron
trifiuoride etherate were used as catalysts. Aluminum chloride was dissolved
in 2-nitropropane before use. While sulfuric acid system yielded only oligom-
ers of very low molecular weight product, aluminum chloride gave the high
molecular weight product.

As the amount of catalyst increase, the total yield of polymer increased

but large portion of the product was low molecular weight materials.
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Difficulty was encountered in removing the catalyst after the reaction. Alkali

washing often gave rather stable emulsion which did not separate readily on

standing. Addition of inorganic salts helped somewhat.

After washing and

vacuum stripping of volatiles the resinous product was obtained as final prod-

ucts.
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FRIEFES HF4A A tos At
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acrylates, acrylonitrile, halogenated ethylene,
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2.1. 2yOle] 2A
2aols) 93} e A4FAAA e BUE

59 FES AAE 935 molecular sieve
4A & E3A 71 }-¢ dry ice-methanol (—78°C) &
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Gas Chromatography:

3 16fto] 20% DMS*o] Chromosorb W &
A9 g,

ol 2xE 5% &£FE HA —10°C~
—20°C & $-A A ZA 2.9 detector = FID**, dl &
& 45 15ml/min & AgStg e oH)
retention time & 50 ¥ 4 =4t}

*DMS: Dimethylsulfolane
**FID: Flame Ionization Detector

2.2. SEMHE

Zoie] 2A : FA(FF 97 %), boron trifluoride
etherate = A& Xal 33 & 7}sl9d =, alumi-
num chloride = 2-nitropropane 1 ml 3 2x1073
mol & Ho|A] A3 B,
A% : Dewar bottle & A4 255 443}
Al A AFAA 7TAZE FF WS A
715 petroleum ether 2 S| & H A Hal 7
#H7lo) &A w2 FA 10 % NaOH Fg o=
YA F 7Hete] EEo| Fo] EulE AAg
10 % NaOH gdloz Al¥l Az g2 Iy
A=t

$el Al - petroleum ether o] o} Q=
gAY FAE L9839 H Az, oA AF
FRE A FAE Ao 5 A At

2.3. SEHe 24

oS5 B4 FHA b ubeEA g2
HES HH3)d G.C. 2 EHatz g =i
uhob Wl wste] FA9 =24 F43AE G
C.+& Varian M 2800 & AH&-3tct,
IR ¥ NMR ¥4 : 7 274 4 FEAE
KBr pellet 0.2 w50} I.R. & & 3 CCL o] &
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NMR & At =3 % oA d-& A4
£ CClLell %o NMR & Ho] ulms}qdc},
LR. % Perkin-Elmer Model267 & NMR &
Varian T-60A & A-23}9
Gel Permeation Chromatography (G.P.C.): G.
P.C.#4elA &= THF & Ag3l9 7w 5=
= 0.25W/V%= RFger 248 A%7E
AL&-39 th, Column 2 waters A E9
column ¥  M-styragel column-& A Z=7]7}

100A 5+ 10°A 2] & A A%t A28, 7
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At
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A Felvietel A Qas e FEEgEY =

A4 AE HFFAA 22 G.C A5 ¥
234 7 £33 &= propane, propylene, isob-
utane, n-butane, l-butane, isobutane, trans-2-
1, 3-buta-
diene, 1,2-butadiene, ethylacetylene, vinylace-
tylene, C5* o2 107177t ¥ & A2 S Ze
5% EFELS & F 3ot

2 AYlA= DMS column g A&
Figure 1-2 DMS column & 2% gas chromatogr-
amo|™ zZ F4zk& Table Io] mget

Figure 1¢llA] B.%o] 3ulA9 743
7} F5E /A a2 led oA

butene, cis-butene, methylacetylene,

2 93
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c*,
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Table [. Composition of the Butene Mixture Used
in the Present Work
Compounds wt%
iscbutane 2.9
n~butane 8.6
1-butene & isobutene 66. 8
trans-2-butene 10.7
cis~2-butene 7.0
Cs* 3.7
butene o] o} 22592 ohgkr] W olch, o)
3t column 9] Aol 5 50ft A= Lol 7
St BRI Table 1 ZFul2o
FAE o+ d& £33} w3t 80 % o)A

T BoFx gl

o 4 9lth. Table 1o

£ 3tz Fe
F2ER2HE A4 Eo) F dlmer,
o,
A 2 FAEH oko] Flgtedl et 54

Table J. Sulfuric Acid-Catalyzed Polymerization:
Effect of Catalyst Concentration on Polymer
Yields. Polymerization Temperature —20°C

Amount of Vola-
Butenes | Sulfuric [Polymer | Yield | tiles Distilled
Feed (g)| Acid(ml)| (g) (9%) | Under ?/q)cuum
g/

21. 6| 0.119 0.3 1.4 0.2

20.9 0. 230 4.3 20. 6] 4.2

21.5 0. 472 7.6 35. 3 6.5

20. 7| Q. 909 1.1 53. 6! 9.2

Borontrifluoride etherate &ulj : &g 71 A4

Figure 1. Gas chromatogram of butene mixture colu-
mn: Dimethylsulfolane-Chromosorb W 1/8 Inch Diame-
ter, 16ft long, at —10°C

g2 Al 14 A6z 1973 89

gole] AF FF Folv ¥t v
7 A3 FelE JA NG T F Sl F
FA¥ S} A7} Table Mol Z2] s Aok

Aluminum Chloride & : A A5 A= A
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Table M. Boron Triflrouide Etherate—Catalyzed Pol-
ymerization: Effect of Catalyst Concentra-
tion on Polymer Yields. Polymerization
Temperature —20°C.

Borontri- Amount of
Butenes [fluoride [Polymer | Yield | Volatiles Distilled
Feed (g)letherate | (g) (%) |Under Vacuum
(ml) ®)
19.40  0.490 11. 9 61.3 4.0
20.3 1.240 12. 3 60. 6 4.6
20.8 2.099 13. 4 64. 4 4.4
21.6/ 4. 360 11. 8 54.6 3.5

7t #2 44 AHgd EAgdIE AN &
WE AASE FAHej4 10 % NaOH 892
2 S5 FEAS Aslz 293y =3
tdl AlCl; 7} NaOH ¢} kg4 94 234141
Al(OH);& FA4steq d¥e JA}z dRE:
petroleum ether o] EAslo] o] HA A
< AA Loldtt Fatslo] = AL Fa3
Tl Alzke] & AR #uk ol fA3] A
Ast7] 15 9=t AI(OH):= ¢A3 A A ¥~
A3t A2 AA o] gt
E3 £FA FEAE SA A g
A T5EE e oy A B A4
2 & AAHE & ¢35 580 Hafe
9 AL FME AAL & SFAY £4o
7] o],

Table V. Aluminum Chloride-Catalyzed Polymeriza-

tion: Effect of Catalyst Concentration on
Polymer Yields. Temperature —20°C.

Butenes Eﬂ;’rﬁzu’n Polymer| Yield Q:?llezmlt)igfil}g

Feed(g) (ml) @® (%) |Under (\gcuum
22.4 1.12 59 26.3 1.6
22.6 2. 26 5. 8 25. 7, 1.4
23.9 4.78 9.7 40. 6| 2.1
26. 4 10. 56| 10. 0, 37.9 1.9
23.4 18. 72 9.9 42.3 1.9

*2%1073 M/ml AICl; in 2-nitropropane

Table NelA Zelo] oFo] F7H3tel wtet %
£o] Ftete AS & F o v AAE ¢
A g A Fo AA AAGolA ol ¢
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o] &g v wd A AFol Hastg
FEAY £4o] v gobAs] Aol $AE
7t Mol gl FRAM F24E 9l
o Az AR Hoz waled Aol W
A AYdEe 2elAd FHEE "olAe
AL gt olgh 22 AL FHAAA F
WAAT A3 HA GobA Folgls FH7t
FHA G whgstd FAAS £3 7] dEol S
2 Az, =g &9 AAL % 255 A
o] ¥ty &x7t FokAE AL AU

344, BF;-O(CHs),, AlCLSY 371 EF9iE
vmste] £ o zdad e st 4 E4
2ot #40] zn BFy O(CoHs): Friirt AlCl,
Fei7b o] 4ol o EAFe] & THAE
& T+ A
3.3. BN &M
Gas Chromatography : S%°l 2183 Zrl&E
9 G.C. g FF%E ¥ hgehA 42
G.C. & vwlm38}d isobutene ¥} l-butene 7H¢] -
g0l 22 JoAE FHRE nelZo

Table V& F814tsel&= F2 isobutene 7} 1-
butene o] H78¢2 HolZh 2-Butene S
Fael AAT Aoz ANt 254 2P
o $AE AN E Ao Buse] GT,

Table V. Composition of Butene Mixture before and.
after Polymerization.

Composition of

Compounds ggersp%s;?e%z of ﬁﬂﬁ‘; Ba‘f'tt:? €
Mixture (%) polymerization ( % »

Isobutane 6.0 6.3
n-butane 8.9 11.7
1-butene & 68.9 46.9
trans-2-butene 8.9 17.2
cis-2-butene 4.3 14.1
Cs* 3.0 3.9

Z¥HY F=x¥A4E FEAY LR N M
R. ~# E#o] Figure 29 3¢ B¢ 4| Fiaure
2+ AIC; vz 9tE EZ2 %89 LR 9
o] AL o]aMule LR ¥ A9 AL ¢ F
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e 3¢Ee] F%
i}, Figure 28] LR A¥EZlA 7.2 7.3 o FAE Aot Ut A
9 F4 & gemdimethyl 7] £ FFuol cH cH
Figure3-& AICL & &z w& Z8 89 | 8 | 3
N.M.R.¢ld] 1.49 9} 1.28 ppm o418l F o] ——CHQ*?—CHZ—(E—CHZ—
39 FFA F9 w7k 1 3] HFHE A CH, CH,
oz Hol ¥ FaA% Ze Feolatd
MICRONS
o2 30 4;07/# 60 70 80 %0 10 214 18
8ot
6ol ‘
Wl f\/ /\\ P
20}
4000 3560 3600 zsoo” 1890 1600 3400 1200 000 500 800
WAVENUMBER (CM ™)
Figure 2. L R. specturm of the Polymer from butene mixture
1
— - .
{ o] £ F-wutY whgolepy EApERe] & T A
r 7F A=) =v] 1-butene, trans-2-butene, cis-2-
butene o] Qo] FEHLL HA $AFE 2]
=3 3 glon o] i el 3kl 1-butene
Fapo) ZAAgeE Wl e RG] Fashn
=3} 2-butene ©] 1-butene ¥t} v HAEFE y
2= 9L vy BaFeldys,
Gel permeation chromatography: G.P.C. 2 &
| e 4272 AgA 204 448 29
KJL $Rg FAsel 2wy A BAF 2ol negative
o e e T peak 2 vhehbA EAg Bxel @ AP
. -51—*4 o] ol Yt
mif:tlfrl:re 3. NMR spectrum of the Polymer from butene AdA dein E9EE G.P.C. %4
Z}E_"ﬂ/ﬂ A HA e E H 2 elution volu-
9old 2H® G.C, LR, NMR Y A2 me& 7Hz Zdxeal& 2oz 3t 34
22E LByl A9 olafegte] FHste gt H 2ASe A4ste] Bw Table iF 72},
o Eoldw oh7le] 1-us o-ReSe] FFu  Table WolA 2% &0} FE FAAT %
Lol #Arbete AL & & At oA ot g} Bapgko] ZhadtE AL & 7 Ao S
glo] th& Rivirch ukgAe] Ak wEol 24 AlCL & A-&3bH BFs-O(CHs) 5 AHEE

e A1 A6z 197d 8¢
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Table V. Polymer Molecular Weights Estimated by
Gel Permeation Chromatograms.

Concentra-|Reaction | Elution [Molecular
Catalysts | tion Tempera- | Volume |Weight*
(mol/g) | ture(®C) | (ml) (®

AiCl;, 0.2X1073 —20 26.8 19000
AlCl; 0.8%1073 —20 27.25( 16000
AlCl; 0.2X1073 t 26.25 22000
AlCl3 0.8x1073 0 27.25, 16000
BF;0(CoHs)z | 0.2%1073 - 20| 28.30; 12000
BF3;0(Cets)2 | 0.8Xx1073 —20 28.35 10000

* Highst molecular weights of mixed Butenes estimated
from G.P.C. data

W Ert FApo] A & | RH &
=g 9k =7t —20°C =% 0°C
Aeg vlas] 2y 8 Xolst ge
ek th, ¥k-g-g dry ice-methanol (—78°C) &
oA APAR = wkgol A dojukx] &%k
=i,

et
d

H
o

AL

4+ 3 E
FHERES G.C & AA 24 A3 F2

isobutane, n-butane, 1-butene, isobutene, trans
—2-butene, cis-2-butene @ C;*z FA = o
o9 2% F¥l A 5 de Fx3 3
o] HF80~90 %5 A At

FREFES F2 isobutene o] F3sleq E
2 25l & A5l %719 1-butene 3} 2-butenes
b F8ukgel 3otsi EA e ztas 24
e gt

FAENE AESte FEAA F2 dimer,
trimer, tetramer 7} PAE g ow = d I =
E &% A4 Axst 2§49 23
o] @elAE o AICL F4% A48 @b BFy
O(C:Hs)z vl E& AH8E o Bt EApeke] &
ZEa g Ao EF9 ko] Fohdel =t
5go) FUeY BAFE Basldt &
e Ak AA o] B FAAHC] o
A2 AAYES 240 aFe 4ot

o g &

— [~
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