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2 o =& YsEdY &4 542 2= polymethylpentene (PMP) 24 polypropylene 224 the] A A o] yro}
dense sking= Z+= HIHHA E]”L*O‘ A zsl7] FLstARE F=o] Fof 7kl golakA| ¥tk £ ATl = HlE =
)B]'EE]‘%‘(NIPS)-"]' GHE FEH(TIPS)S &3 N-TIPS & &85+ polymethylpentene (PMP) IEA} 22k A=
'8]—1 A5 EAS HI8F . Cyclohexanes 2 ARE-3le] PMP =898 A| 231900, AZo|Z2 &, EtOH, IPA

A}%oPOiE} Cyclohexane¥} 410|#] &&= E& H|EU|2 Fo)gt Beuhe TIPS &2 Q18] 2 7|3 &2 VA £

BHOoY, FHo] AR FE7F EXAS E4& BTk WHH, cyclohexane® EFE F J& ¥I-EF(ethanol, iso-
propanol)% AHolz2 A3 A9 NIPS B2 Q3] dense skingo] LS s, 2 748 =& BATh 7}
AQl 7188 -& 913l polyethylene glycol (PEG)E H7Ist 745 7AFHAE7} HolAE AHE A& F AT

O

Abstract: In comparison to commonly employed polypropylene (PP) material, polymethylpentene (PMP) exhibits low
surface energy and reduced crystallinity, allowing fabrication of asymmetric membranes with a dense skin layer. However,
its higher melting point poses significant challenges with respect to polymer processability. In this work, we utilized the
N-TIPS method, which combines the advantages of non-solvent induced phase separation (NIPS) and thermally induced
phase separation (TIPS), to fabricate PMP membranes. Cyclohexane was employed as the solvent for preparing the PMP
dope solution, while water, ethanol (EtOH), and isopropanol (IPA) were used as nonsolvents. When cyclohexane-immiscible
water was used as the nonsolvent, the resulting membrane exhibited TIPS morphology with unifrom pore structure but
lacked suface uniformity. In contrast, when cyclohexane-miscible alcohols (EtOH, IPA) were employed, the membranes dis-
played NIPS morphology with a dense skin layer with higher mechanical strength. Furthermore, the effect of polyethylene
glycol (PEG) as a pore forming agent was investigated to better control the surface pore size.
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Fig. 1. Schematic diagram for membrane fabrication via
N-TIPS method.
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Fig. 2. Fabrication method of PMP membrane.
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Fig. 3. Surface SEM images of 9 wt% PMP membrane phase transitioned in (a) Air, (b) Water, (c) EtOH, (d) IPA, (e) IPA
added 5 wt% PEG 11000; and cross-sectional images of 9 wt% PMP membrane phase transitioned in (f) Air, (g) Water, (h)

EtOH, (i) IPA, (j) IPA added 5 wt% PEG 11000.
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Fig. 4. (a) FTIR spectra of 15 wt% PMP membrane, (b) Thickness of PMP membrane.
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Fig. 6. The Air permeance of the membrane depends on (a) immersion solvent and polymer concentration, and (b) PEG

concentration.

A S7¥ke A &SI PEG 5 wi%E H71ek3i
< o ZJAEHEE 25,000 GPU°IH PEGS 37}5HA]
ko Bglutal vlwsle] oF 2,501 VA EHET} F7}
35S RISk

B AFo = vgm-f= A2 H(non-solvent in-
duced phase separation, NIPS)¥ FR%= JEEH
(thermally induced phase separation, TIPS)S &3k
N-TIPS ¥H& o] &3} PMP (polymethyl-pentene) 3L
B2 Beuhs A|lzsgon, goFstk 2A0A Eavt

¢

o] BEAS BMsla e Hrkshy 29 Aut =4
< AT olE Fa HwE W A 2ToA
L4 718 729 S 7IAH AEE ZEE PMP
A BEuhs AR 5 e Ves dRIAY =
AA FHolE =S A5, EelTte] A3 A F4=
2 A, B2 7FoE Q) 2 VAREYEE B
Ak olHT A= ES o] SulE ALEIS )
EEto] AR FAHA G5 AT F AUk o
3 o] &ulE EtOHI} IPAES AHE3le] B3 A
S Az eH, OF 7AH A=V 21 A
o] AEAo] £33 IPAE A7o] gul2 Mesih
%3} dope solution AZ Al TEAL] FEZ 9 wit%ol
A 15 wt%E S71ETE 71A BE3EE 274,000 GPU
o)A 10,400 GPUZ ZA Zasdtes A4S AT

npReto 2 7| Fg ARl PEGE #Hrlsted EeEdhs
Auke A9 PEGE BE7} 0 wisol A 5 wie 27}
gloll w2} Young’s modulus’} 1,080 MPaollAl 250
MPa7}A| ZHAaste] 71AH ZE7E Astds g<st9

I, FAOl ZIAEREE PEGE AUl &g o
10,400 GPU°IA PEG 5 wt% @718l o 25,000
GPUZ ¢ 2.58] Z713HS gl B A& E8

= Zolgt 7=k § yobrk PMPL ARG ©8)
A AEAE o] 83 At FAAME N-TIPS H4&
30 oS w2 AA4e s 3 e
2o AT 4 & AR Addn

Reference

1. J. H. Shin, S. H. Kim, C. H. Yoo, H. J. Lee, B.
T. D. Nguyen, G. G. Lee, J. F. Kim, and J. S.
Lee, “Valorization of battery manufacturing waste-
water: Recovery of high-value metal ions through
reaction-enhanced membrane cascade”, Chem. Eng.
J., 493, 152247 (2024).

2. S. H. Kim, J. Kang, and J. F. Kim, “Exploiting
negative rejection to achieve reverse selectivity us-
ing membrane cascade”, Membr. J., 33, 409-415
(2023).

3. M. Mulder, “Energy requirements in membrane
separation processes”, Membrane Processes in
Separation and Purification, pp. 445-475, Springer,
Dordrecht, The Netherlands (1994).

4. J. F. Kim, A. M. F. da Silva, 1. B. Valtcheva, and
A. G. Livingston, “When the membrane is not

enough: A simplified membrane cascade using

Membr. J. Vol. 34, No. 4, 2024



222

10.

11.

12.

13.

Guntak Song * Seung Hwan Kim

Organic Solvent Nanofiltration (OSN)”, Sep. Purif.
Technol., 116, 277-286 (2013).

. J. F. Kim, G. Székely, 1. B. Valtcheva, and A. G.

Livingston, “Increasing the sustainability of mem-
brane processes through cascade approach and sol-
vent recovery—pharmaceutical purification case

study”, Green Chem., 16, 133-145 (2014).

. S. Kim, H. N. Thi, J. Kang, J. Hwang, S. Kim, S.

Park, J.-H. Lee, M. H. Abdellah, G. Szekely, and
J. S. Lee, “Sustainable fabrication of solvent re-
sistant biodegradable cellulose membranes using
green solvents”, Chem. Eng. J., 494, 153201 (2024).

. S. Kim, J. Song, B. T. D. Nguyen, J. Lee, J.

Seong, S. Nam, S. So, and J. F. Kim, “Acquiring
reliable hydrogen crossover data of hydrated ion
exchange membranes to elucidate the ion conduct-
ing channel morphology”, Chem. Eng. J., 471,
144696 (2023).

. S. Kim, B. T. D. Nguyen, H. Ko, M. Kim, K.

Kim, S. Nam, and J. F. Kim, “Accurate evaluation
of hydrogen crossover in water electrolysis systems
for wetted membranes”, Int. J. Hydrogen Energy,
46, 15135-15144 (2021).

. S. H. Kim, J. Kang, B. T. D. Nguyen, and J. F.

Kim, “Critical risks with the permeability di-
mension to describe the hydrogen crossover phe-
nomenon”, Int. J. Hydrogen Energy, 82, 353-358
(2024).

P. Bernardo, E. Drioli,
“Membrane gas separation: A review/state of the
art”, Ind. Eng. Chem. Res., 48, 4638-4663 (2009).
D. F. Sanders, Z. P. Smith, R. Guo, L. M.
Robeson, J. E. McGrath, D. R. Paul, and B. D.

Freeman, “Energy-efficient polymeric gas separa-

and G. Golemme,

tion membranes for a sustainable future: A re-
view”, Polymer, 54, 4729-4761 (2013).

B. P. N. Thi, B. T. D. Nguyen, L.-S. Jeong, and J.
F. Kim, “Hemocompatibility challenge of mem-
brane oxygenator for artificial lung technology”,
Acta Biomater., 152, 19-46 (2022).

T. Y. Kim, J. W. Choi, K. Park, S. Kim, J. F.
Kim, T. E. Park, and J. Seo, “Lubricant-coated or-

Mmugel A 34 B A4 3, 2024

+ Bao Tran Duy Nguyen * Jeong F. Kim

14.

15.

16.

19.

20.

21.

22.

ganon-achip for enhanced precision in preclinical
drug testing”, Small, DOI:10.1002/smll.202402431.
S. Kim, Y. Kim, D. Kim, S. Kim, and J. F. Kim,
“Solvent filtration performance of thin film compo-
sitte membranes based on polyethersulfone sup-
port”, Membr. J., 29, 348-354 (2019).

J. F. Kim, J. H. Kim, Y. M. Lee, and E. Drioli,
“Thermally induced phase separation and electro-
spinning methods for emerging membrane applica-
tions: A review”, AIChE J., 62, 461-490 (2016).
M. Kim, S. Kim, S. Kim, H. Lee, and J. F. Kim,
“Effect of nonwoven support during fabrication of
flat sheet membranes via phase inversion method”,
Membr. J., 32, 109-115 (2022).

. H. H. Wang, J. T. Jung, J. F. Kim, S. Kim, E.

Drioli, and Y. M. Lee, “A novel green solvent al-
ternative for polymeric membrane preparation via
nonsolvent-induced phase separation (NIPS)”, J.
Membr. Sci., 574, 44-54 (2019).

. J. Choi and J. F. Kim, “Effects of polymer materi-

al and solvent properties on the performance of or-
ganic solvent nanofiltration membranes”, Membr.
J., 32, 50-56 (2022).

S. Kim, G. Song, and J. F. Kim, “Comparison of
commercial organic solvent nanofiltration (OSN)
membrane performance”, Membr. J., 31, 282-292
(2021).

J. F. Kim, J. T. Jung, H. H. Wang, S. Y. Lee, T.
Moore, A. Sanguineti, E. Drioli, and Y. M. Lee,
“Microporous PVDF membranes via thermally in-
duced phase separation (TIPS) and stretching meth-
ods”, J. Membr. Sci., 509, 94-104 (2016).

J. T. Jung, J. F. Kim, H. H. Wang, E. Di Nicolo,
E. Drioli, and Y. M. Lee, “Understanding the
non-solvent induced phase separation (NIPS) effect
during the fabrication of microporous PVDF mem-
branes via thermally induced phase separation
(TIPS)”, J. Membr. Sci., 514, 250-263 (2016).

J. T. Jung, H. H. Wang, J. F. Kim, J. Lee, J. S.
Kim, E. Drioli, and Y. M. Lee, “Tailoring non-
solvent-thermally induced phase separation (N-TIPS)

effect using triple spinneret to fabricate high per-



23.

24,

Fabrication of Polymethylpentene (PMP) Membranes Using Nonsolvent-Thermally-Induced Phase Separation (N-TIPS) Method 223

formance PVDF hollow fiber membranes”, J.
Membr. Sci., 559, 117-126 (2018).

J. Zhao, J. Y. Chong, L. Shi, and R. Wang,
“Explorations of combined nonsolvent and ther-
mally induced phase separation (N-TIPS) method
for fabricating novel PVDF hollow fiber mem-
branes using mixed diluents”, J. Membr. Sci., 572,
210-222 (2019).

T. He, X. Li, Q. Wang, Y. Zhou, X. Wang, Z.
Wang, N. Tavajohi, and Z. Cui, “Poly (vinylidene

25.

fluoride)(PVDF) membrane fabrication with an ion-
ic liquid via non-solvent thermally induced phase
separation (N-TIPs)”, Appl. Water Sci., 12, 42
(2022).

W. Wang, Z. Zhang, L. Ma, X. Xu, P. Zhang, and
H. Yu, “Explorations of complex thermally in-
duced phase separation (C-TIPS) method for manu-
facturing novel diphenyl ether polysulfate flat mi-
croporous membranes”, J. Membr. Sci., 659,

120739 (2022).

Membr. J. Vol. 34, No. 4, 2024



