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C1-C4)����(methanol(MeOH), ethanol(EtOH), propanol(PrOH), buthanol(BuOH))7 diethylene-glycerol(DegOH)� ��

!"' ��� ��8� N-methyl-2-pyrrolidone(NMP)� ��!"#. 
�9 PEI���	$ :.;<5 450/150µm"#.

NMP/MeOH) <= �> ?$ ���@� AB:C#. D�E �FG HI) J7K� 0.5 GPU5', HI/LI) MNK�

5.7� ���	� 
�!"#. SEM� OP 	�� QR8 ��� ��S7T UVP W7, C1-C4) ���� ��!"� <

= 	$ finger-like ��T AB:CXY, diethylene-glycerol) <= sponge-like ��T AB:C#.

Abstract − Poly(etherimide) hollow fiber membranes for the oxygen enrichment were prepared by dry-wet phase inversion

processes from spinning solution containing NMP and an alcohols as a nonsolvent-additive. The alcohols used in this study

include four alcohols(methanol, ethanol, propanol, buthanol) and diethylene glycol. The effect of the alcohols as nonsolvent-addi-

tive on the spinning solution properties; permeation fluxes of pure O2, N2; and structures of the PEI hollow fiber membrane were

investigated. The PEI hollow fiber membrane with an outer diameter of about 450µm and inner diameter of about 150µm were

prepared. The PEI hollow fiber membrane prepared from NMP/MeOH solvent systems exhibited the best gas separation charac-

teristics. After silicon coating, these hollow fiber exhibited approximately a oxygen permeance 0.5 GPU with a 5.7 selectivity to

nitrogen. Through SEM microphotograph we also got a finger-like(C1-C4 alcohols), sponge-like(diethylene glycol) substructures.
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2-1. ��

PEI(Ultem 1,000, GE Co.)� resin typeS�, 
 /�cS� ��3

� ¢ � � ­¢{ 2®3� A+ 200oC oven%= 72X¯ °\3B

��34�. ��: ��� NMP� Aldrich Chem. Co. 2±S� molecular
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2®34�. Z����2�� ��: 1-ethanol q" ��2� Aldrich
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Table 1. Physical properties of solvent and non-slovent used in this
study at 25oC(V, molar volume: ηηηη, absolute viscosity: B. P, boiling
point: NSA, nonsolvent additive: δδδδt, total solubility parameter)

NSA and solvent V(cm3/mol) η(Cp) B.P(oC) δt(J/cm3)1/2

MeOH 40.4 0.55 65 29.2
EtOH 58.4 1.08 79 26.0
PrOH 74.7 1.91 97 24.4
BuOH 91.5 2.46 118 23.1
DEgOH 118.0 30.20 246 21.9
H2O 18.0 0.90 100 12.3
NMP 96.4 1.69 202 22.9

Table 2. Physical data of polyetherimide(Ultem 1,000. GE Co.)

Properties Values

Density(g/cm3) 1.27
Solubility parameter (Mpa)1/2 [23] 24.9
glass transition temperature(oC) 210
Molecular weight(g/mol) Mw = 30,000±10,000

Mn = 12,000±4,000

Fig. 1. Schematic diagram of the testing apparatus for gas permeation
measurement.
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//��/Z����2 �%= \�¹¯" M�n�h( ��-Z��¯
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 /¯" M�n�H þ�3Q :�. ��, ����
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 / �cS�ÎË ����� �ÖQ ab-J ��� "¤��. �

�, C1-C4" Z�� ��2O ��� ��, 
 /-
 / �H" M�

n�H þ�-., ����� Z��� �ÖQ ab3B KK6%

finger-like F\� y�-� uS� öz:�(Fig. 5a-d). iî� DegOH

" �� ∆M-PH þ�3� ∆M-NH �D ��2 �� �� É�. H� 


 /-
 / �H" M�n�hH ÔC3
, ����� Z���" a

Fig. 3. Gas permeation property of PEI hollow fibers prepared from
various spinning dope.

Fig. 2. The SEM micrographs of cross-section of polyetherimide hollow fibers prepared from spinning dope (a) 25, (b) 28, (c) 30, (d) 32, (e) 35 wt%.
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bH �!�� uH�. ��, 
 / �cH 
yW-� ¢% c-c M

 !� ÀJ�Q -J KK�" F\� sponge-likeF\O �KQ :�

(Fig. 5e). 

Fig. 6% Z����2% ;D e�6" zfF\O �����. C1-

C4O ��� �� cellular F\O �K. Z����2"  /�H þ
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/ �H" M�n�hH þ�3Q -., �ÀM%= �ÖQ �W r�
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H y��� v � L�. 
f, DegOH" �� bC'(
� PrOH1

BuOH�� n$ H)� sponge-likey �F\" '(TU% ��� u

S� öz:�. "!# �í · bC" '(
� DegOH>BuOH>PrOH>

EtOH>MeOH ¶S� ��$S., ��
� �¶S� ÉQ þ�3
 L

�. ���  !��6" y�$ 
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=" o
� ��K� 5~H�. Hî� ç�$ 1) %êM !(¨%=

��" )�H �ÎÏ
2" �'�� �D ��, 2) 
 /1 Zý3

B ��1 Z����2" efghH �$ ��, 3) ��1 á&3�


 /�c ef%= ��" þ@H �D ��% ��� e�6� y

���[17-19]. iî� C1-C4" ��O ��� �� ��1 Z���H

" �Wh� ���� �+
 ���� ÉK ��. �� Z����2

� efgh% ¤�� ¥(� ÉK ��. � M&�S� '@�H 	�

MeOH1 EtOH� 
 / �cS�ÎË (Q þ@RS�� ef" o


� þ�3
 ��� F\O y�3� 5~S� öz:�. 
f DegOH

" �� �í ¢Ì·" '( ��
� þ�3K �$ uS� �� ¼ 

{ sealing-K �� )* ! poreO �K� 5~S� öz:�.

Table 4% ����X¯% ;D bC" '(
O �f MeOH1 EtOH

" �� ����X¯H +J��� ÔC3� �s� ����
 PrOH,

BuOH, DegOH� ®" À¨3Q ���
 L�. � ����X¯� +

Q RS�� '@�H 	� MeOH1 EtOH%= ��� �� y�34

�. Z����2� '@�H �g ! MeOHO ��34� 5 ���

�X¯% ;D �F\" zf� Fig. 7% �����. Fig. 6% a" F\

1 Zý3B 4�À 5� |��� �Í6% finger-like F\O ���

�
, 12�%=� finger-like F\� d� ÔC3� �s� �����.

�� e�6" zfF\%=
 ����X¯H +�� ��� F\O

Table 3. ∆∆∆∆M-N(solubility-parameter difference between solvent mixture
and non-solvent) and ∆∆∆∆M-P(solubility-parameter difference between
solvent mixture and polymer)

Additive
Solubility-parameter(J/cm3)1/2

∆M-N ∆M-P

Non-additive 32.59 5.89
MeOH 33.59 6.63
EtOH 31.87 6.84
PrOH 33.00 5.69
BuOH 31.30 5.42
DEgOH 39.44 13.830

Fig. 4. The SEM micrographs of internal surface of polyetherimide hollow fibers prepared from spinning dope (a) 25, (b) 28, (c) 30, (d) 32, (e)
35 wt%.
���� �39� �4� 2001� 8�
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��,� v � L�. ����1 ab-� X¯� +Q +-S��

��" �+h(dissolving power)H ÔC-
 
 / �c" Ï
X

¯H +J � 5~H�. �� M&�S� ZdH .$ MeOH� �

ef%= þ@X¯� +Q RS�� �
 ��� F\O �� � L

��.

4-5. *�()� ��  !"# ��

Z����2� MeOHO ��3B 2\: |���" Å
©W% ;

D N2, CO2, O2, He" '( ¡�� Fig. 8% �����. Û¨Å
�

30-120οC� ¾h$ 5 bar� À¨3Q )K3B Û¨34�. Û¨: ä

/ ��%= Å
� þ�R% ;< ��" '(
� ÉQ þ�3
 L

�. Fig. 9% Å
% ;D ��
O �����. ��
� Å
% ;<

= �C ÔC3� �s� ���
 L�. iî� Û¨Å
 ¢0A%=

�$ ��
O ����
 He/N2" ��
� 100� �����. H�


Å" 1 �ü�ÎË He" 2� q% ��3 � L� uS� �0-

��.

Fig. 5. The SEM of membrane cross sections for PEI hollow fiber membrane spun from (a) MeOH, (b) EtOH, (c) PrOH, (d) BuOH, (e) DegOH with air
gap 8 sec.

Fig. 6. The SEM of external surface membrane cross sections for PEI hollow fiber membrane spun from (a) MeOH, (b) EtOH, (c) PrOH, (d) BuOH, (e)
DegOH with air gap 8 sec.
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�� !� PEI|���" Z��2\%= ��2% 9� ¥(O ¦

§� �( �ë( Ü$ �4� ���.

��-Z��¯" M�ab *
O Z����2� C1-C4" v���

1 DegOHO \¨��3B '(Ì���H �D �� �� � L��.

MeOHO ��34� 5 �g ! ���� ����
 finger-like F\

O �����. 
f DegOH� ��34� 5 sponge-likeO ����

�. ��-����¯" M�n�hH 5�� finger-likeO �K
 M�

n�H n��� sponge-like �����.

Z����2� MeOHO ��3B 2\: �$ "!# �í · bC

'(
� 0.5 GPU, bC/�C" ��
� 5.7� ��� �� 2\� �

Table 4. Gas pressure-normalized fluxes and selectivity of hollow fiber membranes obtained from 28 wt% PEI polymer solution with different non-
solvent additive

Additive Air gap(sec)
Before silicone coating After silicone coating

O2(GPU) Selectivity O2/N2 O2(GPU) Selectivity O2/N2

MeOH 14 40 0.96 12.3 3.24
18 27 0.96 11.2 3.87
12 10 0.96 10.5 5.68

EtOH 14 53 0.93 17.1 2.24
18 46 0.92 16.3 3.39
12 38 0.98 13.7 3.81

PrOH 14 82 1.00 16.0 2.02
18 81 0.99 14.8 2.22
12 67 0.98 13.2 2.36

BUOH 14 1231 1.00 26.8 1.69
18 1221 0.98 22.3 1.97
12 1071 1.01 17.6 2.23

DegOH 14 74 0.98 136.3 0.91
18 73 0.90 122.2 0.91
12 70 0.82 100.1 0.93

� (P/L): pressure-normalized flux 
� 1 GPU: 10−6cm3(STP)/cm2ÌcmHgÌS

Fig. 7. The SEM micrographs of cross-section of PEI hollow fibers obtained from 28 wt% PEI/MeOH polymer solution with different air gap.
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Fig. 8. Pressure-normalized fluxes of N2, CO2, O2, and He in PEI/MeOH
hollow fiber as a function of reciprocal temperature.

Fig. 9. Ideal selectivity for O2/N2, CO2/N2, and He/N2 in PEI/MeOH hol-
low fiber membrane as a function of reciprocal temperature.
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