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ZYA Grjellxe] A AAT B BEe 28R 3R BATE 7 55 Ikt f89 AR o8k
2 Aol el oulE <l[ElE (dimethyl ether: DME, DME-@)- poly(ethyleneso-butene)s2} poly(ethyleneso-butene),
FTEEA ] AT EFE BES ASIGT AEAAE IyvhE Bl old] AFIPA wEHE(LVDT: linear
variable differential transducet) QZAH “dx¥olt}. Poly(ethyleneo-butene)sHE o€ =A19] AA%F AL 25 106-
185°C9} $+¥ 486-1,100 bat]*] —r@%q 4 2o HEHAS Zejd gt oEl=A9 nvlazstgl=dl poly
(ethyleneeobutene)sTIHIE SEIZA]7F oF 100-350 baB = w2 U&elx] BHFAE BRIt} Poly(ethyleneso-butene);
omg ofe=e} pon(etherna;obutene)O—E]U1 e oElE2-dde] 7B A2 &5 110-15C°CAololA <F 1,000 bag] skl
A VEist) diE e 25 234 poly(ethylenesobutene),= poly(ethyleneso-butene),2] 5% A& vl Z7g3}3]
ot &5 g 29 dnE 2% 110°C, 120°C, 130°C B! 150°CelA] 42 139-2,415 bard #1914 Aic). &5
E Y= poly(ethyleneso-butene), TIHE el ZA], poly(ethyleneco-butene)CIHIE <lElZ-d4] 2 poly(ethylenesobutene)
grg g 2-dAle] tsla] 110°C, 120°C, 130°C ¥ 150°C 29} 948 2,415 bae|sll A 22 &4 315t

Abstract — Phase equilibria and density of polymer in supercritical fluid are fundamental information for chemical process
design and molecular structure analysis in polymer science. In this study, we measured high pressure phase equilibria and den-
sities of poly(ethylen@o-butene), and poly(ethylen@o-butene), in two supercritical solvents; dimethyl ether(DME) and
dimethyl ether-d(DME-d). A high-pressure variable-volume cell was used to measure the equilibrium properties. Linear vari-
able differential transducer(LVDT) on the piston enables to measure the volume change of the equilibrium cell. High pressure
phase equilibria of poly(ethylere-butene)dimethyl ether were measured at 106-B8%nd pressure range of 486-1,100
bar. The similar system, polyethylene-dimethyl ether showed higher equilibrium line 86Q0gar. The liquid-liquid equi-
librium line of poly(ethylenezo-butene)s-dimethyl ether and poly(ethylerm®-butene)-dimethyl ether-d existed within 110-
150°C below 1,000 bar. Phase behavior of poly(ethytembutene), and poly(ethylen&o-butene);, in dimethyl ether were
also measured. Density of pure dimethyl ether was measured %&,1120°C, 130°C, and 150C and pressure range of 139-

2,415 bar. Mixture densities of poly(ethyleoebutene),-dimethyl ether, poly(ethylenes-butene)ydimethyl ether-d, and
poly(ethyleneco-butene),-dimethyl ether-d were measured at the same temperature and pressure range.

Key words: Binary System, Phase Behavior, Pure and Mixture Density, Poly(etbgdbutene);Dimethyl Ether System, Poly
(ethyleneco-butene),-Dimethyl Ether System
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Fig. 1. Schematic diagram of the experimental apparatus used in this
study.
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Fig. 2. High pressure phase behavior of polyethylene and poly(ethylene-  Fig. 4. Phase behavior of poly(ethylenee-butene),, and poly(ethylene-
co-butene),, in dimethyl ether. The concentration of polymer is co-butene); in DME. The concentration of polymer is 5.0+0.3
5.0+0.3 wt%b; A, this study; 1, Lee et al.[7]. wit%.
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Fig. 5. Density of pure DME at temperatures of 116C, 120°C, 130°C,
and 150°C.

Table 1. Experimental densities of pure DME obtained in this study

Pressure Density(g/cn)
(bar) 110°C 120°C 130°C 150°C
139.7 0.521 0.507 0.482 0.438
208.6 0.543 0.532 0.513 0.481
277.6 0.560 0.552 0.535 0.507
346.6 0575 0.566 0.551 0.527
691.4 0.601 0.595 0.582 0.562
519.0 0.622 0.616 0.605 0.588
1036.2 0.653 0.648 0.638 0.623
1381.0 0.677 0.674 0.664 0.650
1725.9 0.698 0.695 0.686 0.673
2070.7 0.716 0.714 0.705 0.693
24155 0.733 0.730 0.722 0.710

2 23E Us 829
0.90 —————1— ————— — —
i DME
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g F
& 0.75F =
7 0.70F o |4
& g ——110] ]
2 oesf —0—120 |
s —~—130 | ]
0.60 :_ —o— 150 | 1
0.55C T N R B .
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PRESSURE (bar)
Fig. 6. Density of DME-poly(ethyleneeo-butene),; at 110°C, 120°C,
130°C, and 150°C and pressure up to 2,415 bar. The concentra-
tion of polymer is 5.0+0.3 wt%.

Table 2. Experimental densities of poly(ethylenee-butene),-DME obtain-
ed in this study

Pressure Density(g/cnd)
(bar) 110°C 120°C 130°C 150°C
2776 0.653 0.642 0.623 0.590
346.6 0.669 0.660 0.643 0.612
4155 0.683 0.675 0.659 0.632
519.0 0.701 0.694 0.678 0.655
691.4 0.725 0.719 0.705 0.684
1036.2 0.763 0.759 0.746 0.727
1381.0 0.793 0.790 0.777 0.760
1725.9 0.818 0.816 0.803 0.787
2070.7 0.840 0.839 0.826 0.811
2415.5 0.860 0.859 0.846 0.831

0.653-0.860 g/criv]™], 120°C ¢} 0.642-0.859 g/crie] iz, 130°C &

£ 0.623-0.846 glcrie] =, 150°C ¢ = 0.590-0.831 g/che] AT} ©]
23k A &5 TvE A=) g} Bld ATeR e
th agelA] B vpel o] §hEo] SU1EE EE dee BV
slgon, vt SR ERE U A

Fig. 72} Table 32 poly(ethyleneco-butene); Tt e e 2-dA|2] &
FE LS YEQ o, A4 vehd Alas £39E (L) ©
ollA w89 ARtk 2N R nkel o] 2wt S8l nt
o EE diee st e, gl SU13) i £3E dke

~
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T e e e e e N A e — . .
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L 4
[ ]
“g 09 .
Q L N
I 1
g 1co | ]
g 08¢ ——110]
r ——120] 1
r ——130] 1
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oo 1000 1500 2000 2500
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Fig. 7. Density of DME-d-poly(ethylene-co-buteng) at 110°C, 120°C,
130°C, and 150°C and pressure up to 2,415 bar. The concentra-
tion of polymer is 5.0+0.3 wt%.
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Table 3. Experimental densities of poly(ethylenee-butene),-DME-d ob-

tained in this study

Pressure Density(g/c)
(bar) 110°C 120°C 130°C 150°C
622.4 0.748
650.0 0.778
670.7 0.781
691.4 0.785 0.760
760.3 0.813
829.3 0.823 0.804 0.782
1001.7 0.850
1036.2 0.857 0.848 0.830 0.809
1105.2 0.860
1174.1 0.868
1280.6 0.872
1381.0 0.889 0.883 0.866 0.846
14845 0.898
1725.9 0.921 0.915 0.896 0.878
1932.8 0.938
2070.7 0.949 0.945 0.906
2139.7 0.929
2312.1 0.969
2401.7 0.980
24155 0.975 0.959 0.933
0.90F — ‘ —
: DME-d__]
“g 080 .
) r
EoT 1
7] B 4
& o0k T |
A - ——110} 1
N —{0—120] 1
- ——130] ]
- —o—150] |
0-60— ‘5(')0‘ - '1(;00' — ‘15|oo‘ 000 2500
PRESSURE (bar)

Fig. 8. Density of DME-d-poly(ethylene-co-buteng) at 110°C, 120°C,
130°C, and 150°C and pressure up to 2,415 bar. The concentra-
tion of polymer is 5.0+0.3 wt%.

Table 4. Experimental densities of poly(ethylenee-butene),-DME-d obtain-
ed in this study

Pressure Density(g/cnd)
(bar) 110°C 120°C 130°C 150°C
277.6 0.669 0.659 0.640 0.607
346.6 0.685 0.676 0.659 0.630
4155 0.698 0.690 0.675 0.649
519.0 0.715 0.708 0.694 0.671
691.4 0.739 0.733 0.720 0.699
1036.2 0.776 0.772 0.759 0.740
1381.0 0.804 0.801 0.789 0.772
1725.9 0.828 0.826 0.814 0.798
2070.7 0.849 0.847 0.835 0.821
24155 0.867 0.866 0.854 0.840

A9 dHEF R Z71EE & Ut
Fig. 84 Table 4= poly(ethylene-co-buteng)ytiWl g o8] =-dA] 2|
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Fig. 9. Density of poly(ethylenezo-butene), in DME and DME-d at
130°C.
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