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Degradation of cis-Polyisoprene in Supercritical Tetrahydrofuran
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ABSTRACT

Over 1953/54 Karl Ziegler and Giulio Natta independently discovered new types of catalyst.
Thus it was able to produce synthetic cis-polyisoprene rubber which has same properties like
natural rubber, since then the amount of consumption was increased rapidly. The problem of dis-
posing of used rubbers has become acute in recent years. cis-Polyisoprene was degraded in
supercritical tetrahydrofuran and degree of degradation and product were .observed by GPC,
FT-IR, GC-MS analyses.

As a result, degradation of cis-polyisoprene had small dependency upon the operating pres-
sure, and was inhibited in concentration increase. And cis-polyisoprene was degraded into nar-
row molecular weight distribution oligomer in 3 hours, and more than 10 organic compounds

were produced.
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Fig. 1. The schematic diagram of experimental ap-
paratus.

7)o %4270k, x6lA THFW A cis-polyisopr-
ene® FafA Fxo dFE A A cis-
polyisoprene &8¢} =% 2 (5 1.0, 2.0w/v%hZ
Azstgct. THFY AT 266°CH dAH
o)A o) EetAASE clustering S WA
7] 94 wherIfe] L5 2 PID 2x2A7|E of4
e} 300+2CE ARk w7 e 220t A
A 2R $Add SR A504 Y
ZAM7Ie, e|2NEe 453 AR
check valveZ AAslgr}, wher)e ofde 2,
000psi®¥ 5,000psi7kAl 1,000psi#® F71A]7oH,
Zk oA 3417 Bk AL A s 30wt

AR $7Y e 00pme 45

AA $AE wuke}gict.

A ARE AR sk RIS B 9
8 GPC(Waters Co., Millennium 2010)% ¢]4-3}e]
BA5k9 3, 8 FT-IR(Shimadzu Co., 8501)% ¢}
43} cis-polyisoprened] m|ATZ W35 234
on} GC-MS(Hewlett-Packard, 5890sereies II-
5972 Mass detector) & o]&3o] ks YA ES
gtolstele), o] uf ovend] &%+ 1204 250C
744 10°C/min. 0.2 $A714M 24850, A
2719 5 250CE fARkc) A FRe
2pl2 dgor, #HE Ze] 50m, W7 0.2mm¢

303



ZFE3A A32A A55

HP-FFAP Z#¢ AM43lglt). ojgAtoz: A58
AR89 01 capillary head pressure= 15psi, split
ratiox 150 : 12 &}gich.

m. Zzt o oF
1. EA 3l 2ozl Hisy

Fig. 29} Fig. 3¢ cis-polyisoprene 49| =% 7}
77} 0.5, 1.0, 2.0w/v% 4 o 4AF stEelA] A7
of W& FARTE EAYH 3T LAt HgE
vebd 2ojet. 2elA & 4 gl%o] HREA)7ko]
F7Fel oz} EARE S & £ glon, uke
Yool dAils 2 §BE B4 22T & 4 ok
wg 499 557} $7184F cis-polyisoprene 2]

7000
6000 |
5000 -
4000
3000
2000

1000
10000

0.5wiv%

1.0w/iv%
8000

Z 6000 A

M

4000

2000
12000

2.0wiv%
10000

8000
6000
4000 |

2000

1 i i [ I

30 60 90 120 150 180
Time [min]
Fig. 2. Variations of weight average molecular
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Fig. 6. FT-IR spectra of (a) 1.0w/v% parent cis-
polyisoprene, (b) degradated cis-polyiso-
prene at 300°C, 2,000psi in 3 hours.
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Fig. 7. GC chromatogram of cis—polyisoprene—
supercritical THF products at 300°C and
2,000psi.
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Table 1. GC-MS spectral analysis of cis-polyisoprene-supercritical THF reaction product with concentration change

Compound : Molecular Molecular Area %

: formula weight 0.5% | 1.0% | 2.0%
2-Butyltetrahydrofuran CgH 160 - 128.12 0.26 | 0.24
2-Heptene C7Hi4 98.11 |0.34 | 043
Methylcyclopentane CeHi2 84.09 0.38
2-Methylpentadecane Ci6Hsy 226.27 0.95
2,4-Dimethylpentanal CH, 0 114.10 0.11
Tetrahydro-3-furanol C4Hs0, 88.05 0.54
Butanoic acid C,Hs0: 88.05 9.83 | 2.33 | 0.20
Tetrahydro-3-methylfuran CsH1 00 86.07 1.22
Dihydro-2(3H)-furanone C,He0: 86.04 0.03
1-Limonene CioHise 136.12 0.26
1-Methyl-4-(1-methylethyl)-cyclohexene CioHis 136.12 0.40
1,1-Dimethoxyoctadecane C20H 4202 314.00 0.06
2,2-Dimethyl-1-butanol CeH140 102.10 0.04
1,1-Dimethyl-2- (2-methyl-2-propenyl)-cyclopropane | CoHis 124.12 0.08
3,7,11,15-Tetramethyl-2-hexadecenol C20H 4O 296.31 ' 0.06 | 0.06
2-Methylpropylester butanoic acid CsH;602 144.11 0.04
Cyclohexene CsHio 82.08 0.15 | 0.10 | 0.09
2,2-bis(hydroxymethyl)-1,3-propanediol CsH1204 136.07 0.02

Total 12.09 | 5.07 | 1.06
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