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( ����� 	)�� *+, �-.(dimethyl ether: DME, DME-d)/ poly(ethylene-co-butene)10� poly(ethylene-co-butene)47

�012/� �
�� 314 ��5 67�8'. 9:;<� 	)=> ?@A� %� BC=> D
>EF(LVDT: linear

variable differential transducer)= �G& �HC%'. Poly(ethylene-co-butene)10-*+, �-.�� �
� 9:I J� 106-

185oC/ )K 486-1,100 bar�� LMN'. 7�" J�-)K OCPB� QR�,S-*+, �-.�/ TU�8�  poly

(ethylene-co-butene)10-*+, �-.�= V 100-350 bar�� WI )K�� OCPB� XYZ['. Poly(ethylene-co-butene)10-

*+, �-./ poly(ethylene-co-butene)10-*+, �-.-d�� �\] PBI J� 110-150oĈ %�� V 1,000 bar%��

� _`a'. *+, �-.5 bc" poly(ethylene-co-butene)10� poly(ethylene-co-butene)47� �
�� �$ TU 7��8

'. dL" *+, �-.� ��5 J� 110oC, 120oC, 130oC � 150oC�� )K 139-2,415 bar ef�� g['. 31

4 ��� poly(ethylene-co-butene)47-*+, �-.�, poly(ethylene-co-butene)10-*+, �-.-d� � poly(ethylene-co-butene)47-

*+, �-.-d�� h�Y 110oC, 120oC, 130oC � 150oC J�/ )K 2,415 bar%��� ii 7��8'.

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(ethylene-co-butene)10 and poly(ethylene-co-butene)47 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(ethylene-co-butene)10-dimethyl ether were measured at 106-185oC and pressure range of 486-1,100

bar. The similar system, polyethylene-dimethyl ether showed higher equilibrium line by 100-350 bar. The liquid-liquid equi-

librium line of poly(ethylene-co-butene)10-dimethyl ether and poly(ethylene-co-butene)10-dimethyl ether-d existed within 110-

150oC below 1,000 bar. Phase behavior of poly(ethylene-co-butene)10 and poly(ethylene-co-butene)47 in dimethyl ether were

also measured. Density of pure dimethyl ether was measured at 110oC, 120oC, 130oC, and 150oC and pressure range of 139-

2,415 bar. Mixture densities of poly(ethylene-co-butene)47-dimethyl ether, poly(ethylene-co-butene)10-dimethyl ether-d, and
poly(ethylene-co-butene)47-dimethyl ether-d were measured at the same temperature and pressure range.

Key words: Binary System, Phase Behavior, Pure and Mixture Density, Poly(ethylene-co-butene)10-Dimethyl Ether System, Poly

(ethylene-co-butene)47-Dimethyl Ether System
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1 £�
¤¥[Mw=108,000]-¦§¤ 
¨2(� ©ªo �Kl«�A,

¬$ 115-190oC, ­® 1,350 bar1l
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¯]o °?l«�. ±6

poly(ethylene-co-methyl acrylate)r ¦§¤ 
¨2r� {� $ °?

l«�U,1 (
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 �² ³ 6́ µ ��. Pan

� Radosz[4]� iso-*¶� ·�¸o ¹º6 poly(ethylene-co-hexene-

1) C�� {� � `$Q �fl«�A, �-�� ?-� {»1Q °?

l«�[8]. ¼;< t ½p; `$r �¡� F
� Assael c1 ¾¿-

ÀÁ� ¼;< �P`$Q °?6 µ ��A[9], Xiongr Kiran> N
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Klm � Ñ > LM =� ��:d� F
�? �� ?­
) NO

( #Pr ��pPf1� :@Å t :@Â {ÒÓCo small-angle

neutron scattering�� 
�� �� co ÔÕl�U ©ª@/Q -�

l3 �º1�[12]. NO( #Pr ?:@ C�
 �6 "Ö6 `$×
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)� poly(ethylene-co-butene)10-¦§¤ 
¨2(� {� 

©ªo ¬$ 106-185oCr ­® 486-1,100 bar
) �Kl«�A, poly

(ethylene-co-butene)10-¦§¤ 
¨2r poly(ethylene-co-butene)10-¦§

¤ 
¨2-d(� 
¯] äåo ¬$ 110-150oCf1
) a 1,000 bar1

l
) æç�. ±6 ¦§¤ 
̈ 2Q ¹º6 poly(ethylene-co-butene)10

� poly(ethylene-co-butene)47� {� o )� �è ��Âç�. ¼�

; ¦§¤ 
¨2� `$Q ¬$ 110oC, 120oC, 130oC t 150oC
)

­® 139-2,415 bar ß�
) 
l«�A ½p; `$� poly(ethylene-

co-butene)47-¦§¤ 
¨2(, poly(ethylene-co-butene)10-¦§¤ 
¨2

-d( t poly(ethylene-co-butene)47-¦§¤ 
¨2-d(
 �l9 110oC,

120oC, 130oC t 150oC ¬$r ­® 2,415 bar1l
) �� æç�.
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2-1. ��

Ã ©ª
 fC� poly(ethylene-co-butene)10[Mw=232,500; Mw/Mn=1.01]

r poly(ethylene-co-butene)47[Mw=177,000; Mw/Mn=1.01]��pP� Exxon

Research and Engineering f
) �´ éê b�� fCl«�A,�

@ 10� 47> butene� �s:ëo ��Âç�.±6 dimethyl ether

(DME)� 99 +% ¼$�) Aldrich Co.� -.o "- Ä1 b�� f

Cl«?, deuterated dimethyl ether(DME-d6)� 99.8%¼$Q CDN

Isotopes.� -.o �´ éê b�� fCl«�.
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Fig. 1> Ã ©ª
 fC� ?­ ©ª\ì�) {� � ½p; `$

Q ×"Ð � �� \ìQ ��Âç�. {�  ©ª� �¡6 @�6

ÂC> Byun c[13, 14]
 �² H�� °_o í?lî µ�A, Ã_


)� ÅïT 3ðl?@ 6�.

{� � `$×"o �l9 250oCr 3,000 bar4� ©ªÐ � ��

"�ñ \ìQ fCl«�U, ­®> ­®H03(High Pressure Equip-

ment Co., Model 37-5. 75-60, accurate to within ò3.5 bar)r ­®m1�

(Heise Gauge, Dresser Industries, Model CM-108952, 0-3,450 bar)Q f

Cl9 �ól«�.¬$�ó> PID type� ¬$�ó3(Fuji Electric,

Model PYZ 4)� fCl«�A, ¬$ ôõß�� ò0.3oC1?, 1^ ö

ñ�Â� ¬$� ò0.2oCÂ� ôõ� �ó�ç�. öñ�Â
) z��

� �{> °�~÷·(Olympus Corp., Model R100-024-000-55)r CCD

ø§�(Cohu Inc., Model 4910)Q fCl9 �¦ô ùú+(Panasonic,

Model PV-M 1348)
 ���A #P� {� � ½p;� #P{û�

�{o Þ� �� Ö!l«�. {� � �¡6 ©ªüý> þ_[13,

14]
 1Ï ³´�� ��.

¼�; t ½p; `$Q ×"l3 �² *ÿ� \ì� åñSn Ï

Fig. 1. Schematic diagram of the experimental apparatus used in this
study.
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:nX3 (Lucas Schaevitz Company, 2000-HR Linear Variable Differen-

tial Transducer, Model DTR-451)�) öñ� �� ­®H03 f1
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 D� á1 ��1

�� b �ìQ "ÖT ×"Ð � �� åñ nX3
 �l9 öñ�

Â*� "Ö6 *�Q À � ��. ±6 \ì� *� °"
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*�r åñ nX3r� �(� åñ ! äåo °«�U, 1 äå
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 �6 ü"�o æo � ��A, *�n� ß�� a

8.3-17.7 cc ß�
) ��
�.

©ªo ÞÓl3 » öñ�Â� ���6 ;<� ��Q -�l3 �

l9 <��) 9B� "�6�.Þ/Q L� 0.7 gß�(
Côõ: ò

0.002 g) Â
) [�
 "s6 � öñ�Â
 �? \ì� z*Q �

ì6�. CWQ öñ�
 Æ&l3 »
 Ó> ?­C3(~30 cc)Â
 C

WQ Æ&6 � "s6 �� öñ�Â
 L� 7.0 g(
Côõ: ò0.004

g)4� Æ&6�. öñ�Â
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�
 �6 @/� 1Ï þ_
 H�l«�[15].

Ã F

) {�  ×"Þ ©ªÛ�� Ù � ôõ� 1.0%1Â 1

ç�A, ¼�; t ½p; `$
 �6 Ù � ôõ� a 1.3%1Â

«�.

3-1. 
��
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Fig. 2� poly(ethylene-co-butene)10-¦§¤ 
¨2(r 1Ï °?�

£�
¤¥-¦§¤ 
¨2([7]
 �² ­®-¬$� {� o )� �è

l9 ��Âç�. Fig. 2
) °� µr á1 poly(ethylene-co-butene)10

-¦§¤ 
¨2(� 106-185oCr 1,090 bar1l
) 
¯] {� 1

��
�A,£�
¤¥-¦§¤ 
̈ 2(� ¬$ 115oCr ­® a 1,350

bar
) #P+?P {ûQ °«�[7].� äåo �è6 Û� poly(ethylene-

co-butene)10-¦§¤ 
¨2(°� £�
¤¥-¦§¤ 
¨2(S � �

> äåo °«�. 1B6 �{> �ã� ?:@! £�
¤¥� aã

� ?:@ ��pP! poly(ethylene-co-butene)10� ;�  ��
)

3!6 ��� 0�6�. �ã�! polyethylene> ã�! ¦
¤ 
¨2

(1.3D)[16]r� Z�®1 aã�! buteneo ¹ºl� poly(ethylene-co-

butene)10°� Óo �1�.D�) aã�! poly(ethylene-co-butene)10

1 polyethylene°� �> ­®
) {n1Q °! ��� f/��.

Fig. 3> poly(ethylene-co-butene)10-¦§¤ 
¨2(r poly(ethylene-

co-butene)10-¦§¤ 
¨2-d(� ?¬, ?­ {� o ��Âç�. �

(Q #f6 ¬$r ­® ß� Â
) )� �è l«�U, poly(ethylene-

co-butene)10-¦§¤ 
¨2(S poly(ethylene-co-butene)10-¦§¤ 
¨

2-d(°� a 50-100 bar "$ �> {Y(å1 ��
�. ¦§¤ 


¨2(H3C-Ö-CH3)r ¦§¤ 
¨2-d(D3C-Ö-CD3)Q �èl� ¦§¤


¨2-d� ¦§¤ 
¨2
 �² ��? ã�1 Ó3 ̂ _
 C²$S

�> ��� 0���.

Fig. 4� poly(ethylene-co-butene)10-¦§¤ 
¨2(r poly(ethylene-

co-butene)47-¦§¤ 
¨2(� {� o ­®-¬$�(� ��Âç�.

bÉ
) ê�� ©å> ¦§¤ 
¨2�  3­ äå1A, !" %ñ

> ¦§¤ 
¨2� O(¬$ t O(­®1�. äåê��> �P+�

P(liquid+liquid)1A äå ��> #P(fluid) {û1�. Fig. 4
) °

� µr á1 poly(ethylene-co-butene)10-¦§¤ 
¨2(� ¬$ 106-

Fig. 2. High pressure phase behavior of polyethylene and poly(ethylene-
co-butene)10 in dimethyl ether. The concentration of polymer is
5.0±0.3 wt%; �, this study; �, Lee et al.[7].

Fig. 3. Comparison in phase behavior poly(ethylene-co-butene)10 in DME
and DME-d. The concentration of polymer is 5.0±0.3 wt%.

Fig. 4. Phase behavior of poly(ethylene-co-butene)10 and poly(ethylene-
co-butene)47 in DME. The concentration of polymer is 5.0±0.3
wt%.
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185oCr ­® 486-1,090 barß�
) 
̄ ]1 ��
�A, poly(ethylene-

co-butene)47-¦§¤ 
¨2(� 110-150oCr 201-265 bar ­®ß�


) C²�ç�. z6 CW
 �² ��pP� � äå �
) poly(ethy-

lene-co-butene)47äå1 poly(ethylene-co-butene)10
 �² "# �> ­

®�� ��
�U, 1� ��pPÂ� *$(butene)� ºs
 DE ?

:@� ã�n�
 %!1 �o �1�. ±6 *$� %ã@ ù&'S

0.3D[16]�) a6 ã�o S�? �� ºs1  Sl� 
¤¥-*$

��pP� :@r :@f1� @#*�S k�º��) C²­®1 �

m ��( ��� f/��. 1� �E F
@=[7, 17]
 �²)$ F


� µ ��.

3-2. ��� � ��� ��

Fig. 5� ¦§¤ 
¨2
 �² ¼�; `$Q ­®-̀ $ �(� ��

)�U,×"¬$ ß�� 110, 120, 130t 150oC
) ­®> 2,415 bar

4� ©ªo �Kl9 @/Q æç�A, Table 1
 ��Âç�. bÉ


) °� µr á1 ­®1  SÐ�* `$$  Sl«�A, ­®1

700 bar1l
)� `$S ´+T n�l«��, 700 bar1{
)� )

)T  Sºo °«�. ±6 ¬$S  SÐ�* `$� k�l«?, ­

®1 a 700 bar1l
)� ¬$S  SÐ�* �, - n�Q °«�.

�> ­®z�* `$� n�S .o °9Æ� ��� 1/ �{> z

Ü ! {û�
)$ 0T 1 � �� Y21�.

Fig. 6> poly(ethylene-co-butene)47-¦§¤ 
¨2(� ­®-̀ $ �

(
 �6 ½p; `$Q Table 2
 ��Âç�A, 1� {� ­® 1

{
) ×"l«�. Poly(ethylene-co-butene)47-¦§¤ 
¨2(� ½p

; `$� ¬$ 110, 120, 130 t 150oCr 277-2,415 bar ­®ß�
)

©ªl«�A, ½p; `$� ­®1  Sº
 D� ¬$ 110oCz ^

0.653-0.860 g/cm31A, 120oCz ^ 0.642-0.859 g/cm31?, 130oC z

^� 0.623-0.846 g/cm31A, 150oCz ^ 0.590-0.831 g/cm31«�. 1

B6 Y2> ¼�; ¦§¤ 
¨2� `$r �36 Y2�� ��


�. bÉ
) °� µr á1 ­®1  SÐ�* ½p; `$�  S

l«�A, ¬$S  SÐ�* ½p; ̀ $� k�l«�.

Fig. 7� Table 3> poly(ethylene-co-butene)10-¦§¤ 
¨2-d(� ½

p; `$Q ��Âç�A, ©ª
 ��( @/� C²­®('z{) 1

{
) �K� @/1�. bÉ
) °� µr á1 ¬$S  Sº
 D

� ½p; `$� k�l«�A, ­®1  Sº
 D� ½p; `$�
Fig. 5. Density of pure DME at temperatures of 110oC, 120oC, 130oC,

and 150oC.

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

Pressure
(bar)

Density(g/cm3)

110oC 120oC 130oC 150oC

 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 0.575 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
2415.5 0.733 0.730 0.722 0.710

Fig. 6. Density of DME-poly(ethylene-co-butene)47 at 110oC, 120oC,
130oC, and 150oC and pressure up to 2,415 bar. The concentra-
tion of polymer is 5.0±0.3 wt%.

Table 2. Experimental densities of poly(ethylene-co-butene)47-DME obtain-
ed in this study

Pressure
(bar)

Density(g/cm3)

110oC 120oC 130oC 150oC

 277.6 0.653 0.642 0.623 0.590
 346.6 0.669 0.660 0.643 0.612
 415.5 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

Fig. 7. Density of DME-d-poly(ethylene-co-butene)10 at 110oC, 120oC,
130oC, and 150oC and pressure up to 2,415 bar. The concentra-
tion of polymer is 5.0±0.3 wt%.
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Fig. 8� Table 4� poly(ethylene-co-butene)47-¦§¤ 
¨2-d(�

½p; `$Q æç�A,¬$� 110, 120, 130 t 150oCr ­® 277-

2,415 barß�
) �K�ç�. ­®1  Sº
 D� ¬$ 110oCz ̂

0.669-0.867 g/cm31A, ¬$ 120oCz ^ 0.659-0.866 g/cm31?, ¬$

130oCz ^ 0.640-0.854 g/cm31A,¬$ 150oCz ^ 0.607-0.840 g/cm3

1ç�. ­®1 a 700 bar1l
)� ½p; `$S �[6 õ1Q °

1�) ´6 3�3� ��
�A, 700 bar1{
)� åñ �� `$

S  Sºo °«�.

Fig. 9� 130oC
) poly(ethylene-co-butene)10 ��pP
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Table 3. Experimental densities of poly(ethylene-co-butene)10-DME-d ob-
tained in this study

Pressure
(bar)

Density(g/cm3)

110oC 120oC 130oC 150oC

 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
1484.5 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
2415.5 0.975 0.959 0.933

Fig. 8. Density of DME-d-poly(ethylene-co-butene)47 at 110oC, 120oC,
130oC, and 150oC and pressure up to 2,415 bar. The concentra-
tion of polymer is 5.0±0.3 wt%.

Table 4. Experimental densities ofpoly(ethylene-co-butene)47-DME-d obtain-
ed in this study

Pressure
(bar)

Density(g/cm3)

110oC 120oC 130oC 150oC

 277.6 0.669 0.659 0.640 0.607
 346.6 0.685 0.676 0.659 0.630
 415.5 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
2415.5 0.867 0.866 0.854 0.840

Fig. 9. Density of poly(ethylene-co-butene)10 in DME and DME-d at
130oC.

Fig. 10. Density of poly(ethylene-co-butene)47 in DME and DME-d at
130oC.
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