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Abstract — In this work, we fabricated PS-b-P4VP block copolymer membranes from self-assembly and non-solvent
induced phase separation (SNIPS), which combines the block copolymer self-assembly and conventional NIPS process.
While previous studies mostly focused on the fabrication of well-defined structures, we systematically examined various
processing parameters such as polymer concentration, solvent evaporation duration, solvent composition, and humidity,
to optimized the membrane structures. As a result, the morphology of PS-5-P4VP membranes was optimized at a certain poly-
mer concentration in solution and composition of volatile solvent at low humidity conditions, resulting in SNIPS sepa-
ration membranes with well-defined nanopores on the surface, 75% of membrane porosity, and 18% of surface porosity.
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Table 1. Concentration and composition of polymer solutions used for
the fabrication of SNIPS membranes

Sample Polymer Solutino composition (wWt%)
preparation concentration (wt%) DMF Dioxane THF
#1 14 333 333 333
#2 15 333 333 333
#3 333 333 333
#4 17 30.0 30.0 40.0

#5 27.5 27.5 45

(b)

(a) Casting on glass substrate

© (@)

Fig. 1. Schematic illustration of SNIPS process. (a) casting on the glass
substrate via blade coating, (b) evaporation of volatile solvent,
(c) immersion into bad solvent for polymer, and (d) fabricated
asymmetric membrane structure.
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Fig. 2. Top view SEM images of PS-b-P4VP membrane surface after
evaporation of solvent for 5 s ((a), (d)), 10 s ((b), (¢)), and 20 s
((c), (H) of membranes fabricated using conditions in entry
#1((a), (b), (c)) and #2 ((d), (e), (f)) in Table 1.

Korean Chem. Eng. Res., Vol. 55, No. 2, April, 2017

ol
0
r_{
[¢]

~
=]
ojN
¥

IXRE 247} 5, 10, 2057 sho] e]uhg Alzatalon 7t
FE2A= Fig. 20l FERNSITE 14 wi%2] B-9-olle BE 5
99 vhedle 3 Vel akakom 10x9)
2 13k = it Hehet &
= SPEe R (23] 57] T T AL 9
& A= 0% WAt Hgk 2029] FHARES 71X
HA] 952 worm-like -5 E1E = St} 15 wt%]
9] SHAIES 7HA Eejuel| A A-T] 32E I8t
5] 71712 0.2 =137 wiitel] el who 2x ] A
| & o]t} NIPS T+ SNIPS ¥ 0 & Fa|uhs A%
ShA| = g7k Rjetar QIR o] B 71a-E sl s
THETH28]. A 8942 w27t 7 o] Sk oA Al = 7] A1 4]
73 BRI A|eko] 71T 17 wi%el] 749 5% 7k gujl Sk
Aelx] A BERA7F A E G 0H o] 5 AlFtel| A= F gk A
] BEEAE BRI 5= Qlolth. THRF Sk Algte] dojdl
4% worm-like -5 F/J3H= Zlo] ¥ 9HY317] wlito]th(Fig.

2(e), (e, (D).

1o
td

o 1 N
W BB
=2
>
Y
Loog I
>

~
N
4
oo 2

o N Y
ol
=

>,
&
[
N
1
o
30
rlr
pa))
o
do

1

I,
ol
7]
Mmoo
flo

U
A
ol
ol
&,
ot

=
o
i

i
e

=2

32 o) ol
[o Jo Ho

5

O
r

2 T
£
rN
Ol

ﬁ

3-2. 3N 0| Ak

SNIPS g oA U= 55 3589 27292 3
L7} Sl el AlAY | dE FHo RN Fro) wa)
LR wlitof] oF7)Elct. 3] iyt Sk Hw 25 2
o] AL FET} oA B ar, Sk X] ekar Holgli= g9
ZA o= PAVP B50] 1] 481491 DMF2] H|-&o] szolx]A] Fr}.
o= Zp7te] ERE0| MR B 4 lm® o A oS si29).
REZA] Aol B2 YIS 71X THFS) 273l whel el ol
ofulgh @2do] vhEh=A] BRleh] S8 At 40 F Fhs
17 wt%= g A7) 3L, Sj ]

)

BN
ox.
=2
R
z
1o
=
o
o
)
)
W
W
(US)

AR
S WP FERS
=S 500nm

Fig. 3. SEM images of top morphology after THF evaporation times
of 55 ((2), (d); (), 10 ((b), (©), (), and 20 s ((¢), (), (D)) of mem-

branes fabricated using conditions specified in entry #3 ((a),

(b), (c)), #4 (), (e), (F)), and #5 ((2), (h), (i))-
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Fig. 4. SEM images of top morphology after THF evaporation times
of 5 s ((a), (d)), 10 ((b), (e)), and 20 s ((c), (f)) of membranes
fabricated at the relative humidity 70% ((a), (b), (c)), and 35%
((d), (¢), ()
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Table 2. Properties and Specifications of PS-6-P4VP SNIPS Membrane

Contact Angle 75+2°
Porosity 75+3%
Pore size 35+ 5nm

Surface porosity 17.65%

Fig. 5. (a) Cross section of overall membrane, and higher magnifi-
cation of cross sectional (b) and top (c) view of the top layer
consisting of cylindrical channels. (d) Cross sectional view
of support layer, and higher magnification of the support
bulk (e) and support bottom (f).
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