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Abstract

In this study, poly(styrene-co-acrylonitrile) (SAN) and dual solvents system was
used to produce micron-sized fibers with different morphologies by different phase
separation methods during electrospinning. The selection and ratio of the solvents affect
the dominant phase separation mechanism, resulting in electrospun fibers with surface
macroporous or internal small pore structures. In addition to solvent pair and solvent
ratio, polymer solution, environmental parameters and processing parameters also
affect the fiber morphology. Therefore, the following parameters were manipulated in
the experiment: solvent pair, solvent ratio, polymer concentration, ambient relative
humidity, feed flow rate, voltage, and salt additives.

In the past, the pre-mixed polymer/good solvent/nonsolvent ternary solution was
mostly used for fabricating surface porous fibers. In this study, however, we found that
in the dual good solvent system, when the lower boiling point solvent is immiscible
with water and the higher boiling point solvent is soluble with water, the fibers with
surface pores can also be produced at specific solvent ratio. Water is a non-solvent for
the polymer. The key point is that water from the surrounding air condenses on the fiber
jets surface, the higher boiling point hydrophilic solvent can diffuse into the condensed
water droplets to induce phase separation and cause larger surface pores. Both
hydrophilic solvent and water are very important experimental variables, so we
proposed a new phase separation mechanism - Hydrophilic Solvent Assistant Breath
Figure (HSABF). The best solvent pair can form surface macroporous fibers with
excellent properties, with the fiber contact angle reaching 151° and demonstrating
superhydrophobic properties. In the oil adsorption experiment, we prepared porous
fibers with 1 pm diameter, which show the best performance on oil adsorption. The
adsorption capacity in silicone oil could reach 228 g/g, which was 4 times higher than

the adsorption capacity of non-porous fibers with 3 pm diameter.
iv

doi:10.6342/NTU202201810



Keywords: Electrospinning, Porous fibers, Breath figure, Vapor-induced phase

separation, Oil adsorption

doi:10.6342/NTU202201810



L= A = PRSP S SPAR N  Ss S i
- OO N2, o ii
BB e iii
ADSTIFACT ...t iv
BB B ittt et iX
B B B bbb b et Xiii
E e T OO 1
L1 30 3 B T B ettt 1
E N Jgk S SRUR SR 2
2.1 FE R I EEIE oottt ettt 2
2. 1.0 B et b bt nh et e e bbb reenreas 2
2.0 2 SEARF T I ettt b bt bt sh e e bbb nreenaeas 2
IR L OO 6
2.2 B3 R ETU I 20 3 ettt ettt ettt 9
221+ v B2 (Breath Figure, BFE) .o 9
2.2.2 7 § % %4p~ 32 (Vapor-Induced Phase Separation, VIPS ) ..o 11
2.2.3 2273 &34 W 4p ~ 2 (Nonsolvent-Induced Phase Separation, NIPS) ............. 13
2.2.4 3 % 4p ~ 322 (Thermal-Induced Phase Separation, TIPS ) ......cccocevvvvrvnene. 15

2.3 5 5 EII v 16
I R - N OO 18

Vi

doi:10.6342/NTU202201810



BLL B A F oeoeeeeeeeeeeeeeeeeesesseeseseseseseeesesesssesseneesssssssssesssesssssesessmnenness By oo ESE 18
I I oo S A OO 19
313 T A eoeeeeeeeeeeeeeeeeeeee e e et ese e 19
T 20
B3 FH AT REE A R BIL oo 20

3.3.1 3% 3T 47 38 7 F B s (Field Emission Scanning Electron Microscope, FE-

SEM ) oottt 21
332 8 B IBAEE oottt 22
R IR 3 Q-1 = TR 23
334 BFH & BRI coooereeeeee ettt 23
BAF BRI T oo 24
BAL B T 558U oottt 24
342 T 55 Bl BB Tt 24
BAZ L E BRI B oottt 24
BAA BT EDE JTPI R oottt 24
345 30 7F B E BB ettt 25
BA.6 TKFEFT & 2 BB oo 25
B R B R B 20 Bt 27
B B B AR S Lo oo ettt 27
4.2 7 AT B SAN I3 F2 B IBIZE e 28
B3 73 B2 55 oo 29
vii

doi:10.6342/NTU202201810



431 FIABER A F B2 K s BB A BRI AN K2 5 e 29
B.3.2 BETA A 7355 7K 20 /5 Koo sooeeoeesesessssseeeeesssessesseess e s st e e it e 43
F R ) S OO 46

A D T I e 52

A8 L H = T ] oo 61
A.8.2 BEUB A ot 63

4.8.3 ZEAL VIR 1t 65

A4 > 41 >
e R SO PSSSPR 75

|
el
-
it
o+
4
4
'\,
\l

Y

\
il
N
<l

<
e
o

viii

doi:10.6342/NTU202201810



Bl 2-1 35 2 55 7 R Bl e s e s 2
RS 3 R A .- O 3

PRI A L I L S ) A 4

Bl 2-4 T i 2 00 2 AR TMRD 52 T DB oo 4
Bl 2-5 = 5 F K 8T 2 B ot 5
Bl 2-6 F P e -ghF1 3 AT HHRAEZ FF T R Bl 5

B 2-7 P BB F1 20 7T R Bl o 9
® 2-8 15 wt% PCL/CF . 20°C7 [/ A& ™ % 4 a2 SEM Bl(A)30%RH -

(B)50%RH ~ (C)70%RH Fr(D)I0%RH..........covrerrirreririeieiesiesiseieiessesssiesenens 10
B 2-9 35 wt% PS/THF % [ Ap 48 & & T & PS # M4k ‘22 SEM B](A)20%RH ~

(B)30%RH ~ (C)S0%RH .......ocooevieeerceieeeiieissesissssisessessssessesessesssssssesssssssesessnens 10
Bl 2-10 % FEARA FLZFIZ 77 LB oo 11
Bl 2-11 20 wt% PS/DMF £ 20°C% FrAp$HB R T T W5z 4 5 28 6 SEM .12
Bl 2-12 15 wt% PLA/DMSO % 22°C ~ 55%RH & ¢ 4wz % 5 28 5 SEM.12
B 2-13 2553 A1 HA A HE 31207 R Bl o, 13
®] 2-14 PLA 300mg/mL CB/DMSO % #4422 % o 2 # 5 SEM B -

(A,B)CB/DMSO=8/2 ~ (C,D)CB/DMSO="7/3....ovorermrrrermrererrmerreereserrmmssrrrenn 14

) 2-15 PVDF/Dibutyl phthalate (DBP) & i T 5 .ooooevevveeeceeeeeseseesseseseseseseseenene 15
B 2-16 T 358 /2 20 um PP 4% 8 955 KA 2 2 e oo 17

Bl 2-17 18 wt% PS/PAN £ £ 1t 5/5 2 % DMF & g as b 75 > §f @ Bix i

ke m (2)10 s ~ (b)10 min r(c)60 MiN.....ccviiiiiiiiiic 17

Bl 3-1 SEM J T2 7T 3, BBl oottt 21

Bl 3-2 AFTF % 20 SEM i 22

BBl 3-3 70 i B BB ettt ne e 25
ix

doi:10.6342/NTU202201810



Bl 4-1 SAN3SOCFIELOHI ....ooiiiiiiiiiiiii e s 29
BBl 4-2 SAN3SOCFIDMS SO ..ot 30

B 4-3 73 & ] 9/1 (2)SAN350CBIDMEF1 ~ (b)SAN350CB9DMAC] ~

(c)SAN350CBIDEF1 ~ (d)SAN350CBIDMSO! ~ (¢)SAN3S0CBINMPI .......32
B 4-4 3K 408 A 5 2 e S 1 1T R B o 33
I A Y 34
B 4-6 (2)SAN350CBIDMF]1 ~ (b)SAN350CB7DMF3 -~ (c)SAN350CBSDMFS .....36

Bl 4-7 (a)SAN350CB9DMACc! ~ (b)SAN350CB7DMACc3 ~ (c)SAN350CB5SDMACcS

.............................................................................................................................. 37
Bl 4-9 (a)SAN350MIBK9DMSO] ~ (b)SAN350MIBK7DMSO3 -
(©)SANBSOMIBKSDMSOS ....ooovveeoeeeeeeeeeseeeeseeseeeeseeeeseeseeeeeseseeseeseeesseeee e 39
Bl 4-10 (a)SAN350TeCA9DMSO]1 ~ (b)SAN350TeCA7DMSO3
(C)SANBS0TECASDMSOS ....cooeveeeeeeeeeeseeeeseeeeeeeeeeeeeeeseeeeeeeseeee e eeeeeeee e 39
Bl 4-11 i3 A 5] 9/1 (a)SAN350CFIDMSOL1 ~ (b)SAN350MIBKODMSOI
(¢)SAN350CB9DMSO! ~ (d)SAN350TeCAIDMSO! .....coomvveeeereeeeeeer e 41
Bl 4-12 i3 & 5] 7/3 (2)SAN350MIBK7DMSO3 -~ (b)SAN350CB7DMSO3 ~
(©)SAN3S0TECATDMSO3 ....coreveeeeeeeeeeeeeeeeseeeeeeeeeeeessee e eeeeeee e 42
B 4-13 (a)SAN350MEK9DMSO] ~ (b)SAN350MEK7DMSO3 ~
(C)SAN3SOMEKSDMSOS......cooooeveeoeeeeeeeeeseeeeeeeseseeseeeeseessesseeeseesseseeesesessee e 44
B 4-14 (a)SAN350DMFIDMSOL1 - (b)SAN350DMF7DMSO3 ~
(C)SAN3SODMESDMSOS ......ooivveeoeeeeeeeeeseeeeeeeeeeeeeseseeseeseeseeeeseeseeseesesessee e 45
IR NNRE{1) D)1 2374 0).Y 110 X FO 45
] 4-16 SAN350CBIDMF1-(a)40%RH ~ (b)60%RH ~ (¢)80%RH.............orrvveernenee. 47
Bl 4-17 SAN350CB7DMF3-(a)40%RH ~ (b)60%RH ~ (C)80%RH.........oovvvveereere. 48

X

doi:10.6342/NTU202201810



B 4-18 SAN350CB5DMF5-(a)40%RH ~ (b)60%RH ~ (¢)80%RH.........cco.rirrriine. 48

Bl 4-19 SAN350CB9DMSO1-(a)40%RH ~ (b)60%RH ~ (c)80%RH..............ccoiurrirers 50
] 4-20 SAN350CB7DMSO03-(a)40%RH -~ (b)60%RH ~ (¢)80%RH..........ocooeererenn, 50
Bl 4-21 SAN350CB5DMS05-(a)40%RH ~ (b)60%RH ~ (c)80%RH.............ccormrvneres 51
Bl 4-22 CB/DMSO & 522. & 357 LBl oo 53

B 4233 b B AFERZ T P 50-(a)3k 758 5 ~ (b) 4kt 4 ~ (0)F /£ 45—

R e 53
Bl 4-24 7 I+ CB/DMSO 7% B VL G20 T 35 A5 P i 53
B 4-25 7 7 CB/DMSO ** 7] % ¢ SAN BB 2. T30 BT [T i 54
B 4-26 # = CB/DMSO *“ &]22 7 | SAN Jk & 2. 4 & SEM B (2000 &) ........ 55
Bl 4-27 :BALNGE BT T IO T JT oo 56

B 4-28 SAN300CB7DMSO3 #c % i 4277 i 2. SEM H]-(a) 0.5 mL/hr ~ (b) 1.5

mL/hr ~ (¢) S mL/hr ~ (d) 10 ML/RT cvvviiiic 57
Fl 4-29 SAN300CBIDMSO1 2% & B2 SEM Bl ..o 58
B 4-30 SAN300CB7DMSO03 :x % 7 B 2. SEM Bl ..o 59
 4-31 SAN300CBSDMSOS #x % & B2 SEM Bl ..o 59
Bl 4-32 & BT IDERM T I oo 60
] 4-33 (a)SAN300CB10T2.5 ~ (b)SAN350CB10T2.5 2= SEM B ..ccooovviiviiiinene, 61
®l 4-34 (a)SAN300TeCA10 ~ (b)SAN300TeCA10T2.5 2. SEM R ..occvvvvviiiiiiinnnn 62
i 4-35 (a)SAN300CB9DMSO!1 ¥ (b)SAN300CBIDMSOI1T2.5 2. SEM Hl........... 63
& 4-36 (a)SAN300CB7DMSO3 ¢ (b)SAN300CB7DMSO3T2.5 2. SEM Hl........... 64

¥l 4-37 (a)SAN300CB9DMSOIT2.5-r0.5 ~ (b)SAN300CB7DMSO3T2.5-r0.5 ~

(€)SAN300CB3DMSOTT2.5-T0.5 . .ocveriiieiereieesisieeeese s 65
B 4-38 b TR R Bk T B2 RAGRIZETVIE A T Bl o 63

B 4-39 @ ==t f % v 2% % SEM B 0 (a) 3-DO Smooth ~ (b) 3-D3 Porous ~ (¢)

1-D1 Porous ~ (d) 1-D3 Porous ~ (€) 1-D7 VIPS......ccoi i 69
Xi

doi:10.6342/NTU202201810



Bl 4-40 PS ~ SAN 2 PAN & W2 -RAET & oo, 70

Bl 4-41 & P8 a2 -REf 4+ > (a)3-DO Smooth ~ (b) 3-D3 Porous ~ (¢) 1-D1

Porous ~ (d) 1-D3 Porous ~ (€) 1-D7 VIPS .....ooiiiiii e 71
Bl 4-42 i 2L ZEJE B2 T 22 5 e 72
Bl 4-43 F B2 00 P B E s 73
B 6-1 »F e B2 54130 M L 2o R B e 77
B 6-2PS/CF 53 &% (A)E 5 ~ (B)B 0 o, 77
B 6-3 PVDF-HFP/F At 5 3 5% (A)E o ~(B)F & ~(OF B o, 77
] 6-4 SAN300CB7DMSO3 41 #* 217 »r 5 B Rl F =% (A)E & ~B)Bd ... 78

B 6-5 SAN400CB7DMSO3 41 * 4 5 5 B & 9 » (A)Z & ~ B)& & ~ (C)F .79

FB] 6-6 45 55 ST PB] 2 FETT 7 BBl o 79

Xii

doi:10.6342/NTU202201810



3-1 73 A,

32 % B A

4-2 7% A E
4-3 7% A
4-4 7% A FE

4-5 73 Al 1L

B1 SAN 78 FE I 1ooeeveeeeeoeeeseeeseeeeesseeeeses s s e eess e ese s e seees s eee e eeesens 28

......................................................................................................... 31

......................................................................................................... 40

......................................................................................................... 44

4-6 0 TR FERBESCH P F TEEED T 66

AT F SR RS Z IR ERL 0 o, 68

E e I I 70

4-9 % 2_ZbR

Xiii

doi:10.6342/NTU202201810



o o

11932271 H18

AESLILE NN R IR MRS R E S JeRh AR N i R R A i
= BT KR 2 G R R A T MR e R S X B
FEE W % w2

TS P R L Ok R R B PR B A G BB

FePRR e FRELG § FIPTR LRRRE R TR R

PEERY bR R 5 0 2 RiFHc Rt O B EE ol T o g
K80 BT SV GE S AT Y B B RS o

2019 ERFE AFHRE G IHFWUE LR BB B GIEE S ¥ 23

ﬂ}“«

B - KK A G F IV PLA B0 § AR AR ek F
FF > @ kil it adpadr ¥ EF 5 23 (goodsolvent ) £ 254 H|

(nonsolvent) 2 ‘e & » FIAFTix i s & F & o 7 3V hdia > (1))

O
.
=

\

A EER MO R (2)RBARF B ok~ Q)RR AR R 2 Ak Wig i a
PLA § &g ap-kei > @ Bz 223k 5md ¢ B8 s 1 F5% 7 |

H

* A PLA 243 A& > 4o DMSO~DMF > H J5-K 43025 2 3Lk 5 F B 42 cnR

*“3‘!
g

N (g F

A MUK AT AR R T hR A5 SAN KA ABA > FAFY %
T ABR N ORHIG D PTG L R RIA BT BRI R R A
Bk A s @ FG R 2 RAY 5 SAN e R A ERAE
PIT R AR ZRFEP S R F R A RRATT T NG AT
LIS ek F B 8 S deiF 2 BRI RRE SR 2
o F AR A R KE Y hF A SAN > EiL % 9% ABS ([ -7 -
V-FeBERP) m SRS A1 EMAANF A A AME S BEE S
AFehmt i B s d R s a R B A 0 NP E 0 eh SAN S Itk

o F 0 YUfRACTRL S B 5 R s R AT

doi:10.6342/NTU202201810



%= i é}fj;.‘}.éﬁ
21 #T ik
2.1.1 $E3%

1887 & Charles V. Boys # 4 77t/ 30 % S pF » AR50 ¢ P 2 b 4
o @ Formalas % 1934 # % 1944 # 3 4 1 - 473 M#ET H i Wmad {)
oaE-FH o RBAIARFTFTIRIA XM FAMELE TV ETG
W ehig o 1960 # i Taylor # 5452 4R f & AR Y ) S S A Pl
Atk g PB4 (Taylorcone) 1 i & kA i alies * f i &
ek &R 2 K B S i SUEE R HNF SR E G sl

3 5 WEE R M

212482 R
RS R NRE L (1) F (Syringe Pump )~ (2)i1 #44* F ( Syringe )
(3)% B 7 & & s B (High Voltage Power Supply ) ~ (4)1c & 4 (Collector ) » # F >

SRR A L EACE 21

Syringe Pump

0000 EEEED
\
\

Spinneret e
+ -
b < +\/+ Taylor cone
— <L 4
/ AN T
/ \ Straight jet section
Power supply Be‘?d“_lg and
\ whipping
— * section
Ground line
Collector
B2-1#FeiEs 28"
2

doi:10.6342/NTU202201810



Rpe B nT BB RE ~ABE PN o R ISR R IR B R AR )

e

A A

1

4-Ef

}\
2

&3
\\\

CEPEE AR IR E R R B TR A A BT R L

G\; <&

s
EH
T
n

LA F A ER R LR R A G RS B AR g )

R § R R R B AR SRR LR B 5 3

a@\‘
—4=
TH

B B s i L BB RA G e BT T R R - LT
Fem R4 AR BRBH DR A RBAIT A DT Fo B RAREPL Y D oo

o
%A

|63 SiBATY EBHTE > B SRATN > AR B AR D PR

.

ey 151720

T AR R EIT RSN # 8 $ 9 7 £ =4 (Bending instability ) IR % 51
A FEIR T IR T RALE I s L R o
FloinE g o RE T R ARR P T AR 0 A2 TR MR
£ £ (R 2-2) A2 AR% g4 Fro gt &4 4

MEHRAP VG :}Fﬂt‘_";‘]é\'{ AN YR eXAa %A BE F A
SEE W T REI M I R M E T RIS E R F Ik F ARk

dolpE s SR R R E BT 6 A 2 2020

+
<o +
+
P 3 Fuo
Ll .
3 ° "0 ...'
P Fuo M 0
Ak Fuo PR Fr
+ + = -_:..‘-.. "';::‘_t"
! Fpe——9.
- .+:‘ R ‘ $6% Foo
A1, Fo, *reaet "t
+ oo "_a.’_
Py
Al Foo
i 5
+
’
+
+

B 22 T wstindgd s 7 AR

doi:10.6342/NTU202201810



B 2-3 % o itin g 4 2% 2 B

Endof straight
segnent

/—— Onset of first
bending instability

Trajectory of an
element of the path

Half angle of
envelope cone

Onset of third
bendinginstability

Axis of straight
segment, extended

Bl 2-4 T orbdin g #0023 a » $ehz B 7B 2

doi:10.6342/NTU202201810



FREATSRE BRI WSRO & LT PERY SRR RF D
WY o E A F -5 17 48 T+ (Plateau—Rayleigh instability ) #r3l42 22 5 -k
AL TE AR Y T oA ETEE R SRR SRR AT e iR RG] G A i
oA tEM oA AR R DR A B ik o Fl R E S s
RFAKRETRA e AT AT MR ERFTA AR R CBRAAIBRH
g FL Lo kS RG] 4o ERLRA) LFARTERRG - WAL
BAE R A G R > T ABRA S e R AT RAE S MAT

TR T R

t=20 min

t=30 min

B 2-6 ¥ de-m 117 ERPHT e T 7 LE

(6]

doi:10.6342/NTU202201810



213 BT 2 pik

1.3 A3 Bt
(HA+ 88 kR
B4l REd A3 AT a BERRMEAE YT A 3 AT M gAe

B4

\lv

./ § IR ;fi\_k'f:{ B > é/&f:{ H‘i’:%\.k'fi# ir—g"%%’é"\:";%fgi%%ﬂij TALR

BAFEOER MRS RGOS R T EEF A AT EA A e
#

(2)7%

BAAELNET P EAEY ERBT R ADE R BATE

W
B

@ Stin

FRB NS S F A AR e B FARMET S Mo R A

=1
i
~=t

fon
[
S

EROTIFHR RS TG P DD R RAF B R A

AR B AR I R 5 A R PR AT T BRI R AR R
WERE 2w T 0L R W aEAr 205 A 4 e e de s F o2 A BRI M e
A ORIATE O BT B ERFAEGE > H I TR MR A C F0E o B
AP IRBOF o kIR A Bk xS A RFRAFH RS REBBE

Tk 32

BRI REL VURBRERORTRRS IS T RANR

U aEenA 2 A g E T 2.

doi:10.6342/NTU202201810



2.4 1 ¥k

()i

bARF TRT ST g E

AR5 o L ISP B

e

T

T e @ 4 O30 B H pE RN R

Sk LR D] AR B e B RLR (S P
i G BEIP L & e o

QTR
%?@iﬁ%%*Jimaa%J%,ﬁgﬁgigﬁa%zﬁﬁmSoﬁ

FERAScH AP WA BF > T ORTH o R

FRER P T g

€ ERMI T A R B aR 35, N F At
el g 4 ¥

(3)1 (ThEaE

1TEEME S AL D T B g e B

N

TRE - @ A H | E ek FpF
> mi#{’§’§§@’m,§§ﬂ]?“ g'éégfk a—l—-ﬂ(g‘%ﬁ

CREALA S o v Tl e B AR e

/fi%’] 35,36

18

/ /{“i‘g%c ) Ebiﬂ e mpé): ﬁZL_E, s J',[E_‘}'A. ‘]‘3;‘« :R

doi:10.6342/NTU202201810



BRA S ERAMILFEFTRS > T EMF AT R RTRR
(Q)tp iR AR
WHBRHRRE CERT A2 DB E P pHEBRARE - A EEBEY

KF S FERIORDF A TR SRR A BARRT Y F A4

Pem R A FERRREA AT AR BARRTF A § @ MR A

doi:10.6342/NTU202201810



2.2 Bl s mItiE 2 8

2.2.1 #¢ 3 §];3 (Breath Figure, BF)

SN PE NI DR IR ) W K - BN PE RS O

BB AT KL BAS

MBS PEEE K

LA R o d AR BEART 0 ALY ERT

PHRAGEREM F Y vk F RS AN AG o kG EFFL ARAE

BE TR A LG SR A RBIBRART I REL G JI Y

g T R 2 R T IR IR 2§ 0 IReE S Rl aeek C

—ca;;ec* WERr2ZaH 2 -2F7% (DCM) P~ 5% (CF)*%¥>an i

shvg (THF) 404 57 8105 3058 chadfd > B2 X7 22 /RGR 3

ENPEREcE N B A

A%

>

o

fe B Wi

p > > o >
«< > il

Solvent Water vapor droplet Water droplet
evaporation condensation evaporation

B 2-7 +Eex BE H8 402 7 & B¢

doi:10.6342/NTU202201810



RH: 30% 2 um § RH: 50%

RH: 70% %, 2 um §RH: 90%

] 2-8 15 wt% PCL/CF . 20°C% ;R A& ™ % 4 a2 SEM Fl(A)30%RH -

(B)50%RH -~ (C)70%RH =(D)90%RH*

Bl 2-9 35 wt% PS/THF 7 - 4p 48 & = % % PS 4 %4 %2 SEM F](A)20%RH -

(B)30%RH - (C)50%RH*!

10
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222 % # # ¥4p 4 32 (Vapor-Induced Phase Separation, VIPS)
AF A EAR LS E R R R S BB A B B RIR B 2B A Bl
-9 f 9 g (DMF) %49 - @ fe sz (DMAC) ¥~ = @ A& (DMSO)

v

PON-T etz gp (NMP) Yo @ g A REkiEg A o § R @Y 5 B

a

KRG REART PN FiRF R Ba®F AR K7 RS~ T Pt
e R G R AE A A FAF RSN RIS ]I a PR F I
A K F AR IR R R A A e p IR E LR § F A T Nk eniEr o
AFAEARALETSBE T I RFE R AT AR EAE AP L
e 4 > R AS AR F IR RROFR I o BE R HER > T U 7

] A4 B R R RS T R

i

Solvent slow Phase separation occurs Highly porous structure
evaporation and due to solvent mixing forms when evaporation
water penetration with water completes

B 2-10 % 5 A ¥~ gz 4l 7 AW

11
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(A)20%RH (B)30%RH (C)40%RH

!
ol

(D)50%RH (E)60%RH
!
!

Bl 2-11 20 wt% PS/DMF #.20°C%# FAp4+R A T 7 42 # 5 248 6 SEM B Y

B 2-12 15 wt% PLA/DMSO #.22°C ~ 55%RH T ¢ #3522 % 5 ¥ # % SEM @B *

12
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2.2.3 223 %3 $- 48 4 3272 (Nonsolvent-Induced Phase Separation, NIPS )
PG AAEAR YA LG RGN L BRSO F RS S
G R AE G KRR 0 T AR AR AE BN,
I R g A KL A e i K0 T B aEARY BRI LAEE o B A
PR D 0 AP LR A B > F AT R RFE A RE A FF A
FHIELEBBHIE P APIRTEREY T LB RITE > T EHINL G
BRTIEROKF RS RORPEBRE LR RGE R [ BB T 0§ B RE
kFALFE S TR EEF LG FIVFREY R R € W F LR A2 A

Pl @ g o

Highly solvent-rich phase (poor solvent + water)

Solvent
evaporation Solidification
Water
condensation

Polymer-rich phase (polymer + good solvent)

Bl 2-13 23 B dAp ~ Az 4l 7 LW

13

doi:10.6342/NTU202201810



(A) D20 (C) D30

(B) D20 (D) D30

%] 2-14 PLA 300mg/mL CB/DMSO & 4 %2 % % &2 # % SEM F -

(A,B)CB/DMSO=8/2 ~ (C,D)CB/DMSO=7/3 2

14
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2.2.4 #:34 % 4p 4 32 (Thermal-Induced Phase Separation, TIPS )
BAEAPARZ Y ERERTE RBI DA I BRSPS F
SR RAAREAMGAE  FAREE G T EE S

REARLEEHF P2 e BT i O &£ 4 200°Ck

] 2-15 PVDF/Dibutyl phthalate (DBP) 3 ;§ 7 4 32

15
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2.3 @ 75 e

ABEFEITRRAG S AT o A FFF oo BEd BB T BAEL
AAATIEOR - g A - < FR e et e gRIPE

TE KA RS T EAEE R REN & 3B pF g » T = X ik
T AR ESE D T HE X P BRI R TR ARG A AR
FEP AR o R EA ATy @iP&%é—ﬁ’?ﬁgﬁﬁﬁéﬁiﬂé
oo BB B e 2 G B E 0 bldos STHE gww%*“% EAE AN 3
2o p 0SS i o SRS LS EHART BB Bk A R R R
AR AR K 33 fu B KA 77 HEEy b ?'T v E R HBRB RS
%°$%%%%£€ﬁ%ﬁ‘¢$§§ﬁ¢ﬁ“’@%%@ﬁé%?ﬁ%&ﬁ4

SRS X BRSO

e

g?ﬂ%ﬁﬁ%ﬁiﬁgﬁzzmhuﬁ#?‘7 i BEH L pE

B
»
‘&r

T EILIR i 7 Ao @ YRS R 55 o R B S L
FUE > AGE M T e o @ ¥ R GEIR G 5 e R RS F kR
B R B ES BHL O AoR] 2160 2 217 3F TR ER A
Sk g U e 2100

A S gE 4 LS g AR wmE? 23R (h) ©

_ 2ycosH
per

y=4% P GBCO=RME p=R MR AR g=E S R r=F g oL T
FOXNO0PFh L o AEAMMAS wEY T A 0290 h A1
Rl A E At mE? P F L LT r ) > € R haciEARS 5
Zondgt AR T Ry R AP Ao M S B Rl e 7
RBEBPTHFLHF P FRAE SRAPF S RAT WAL > F 2 AT [T4%
B R HBIAR] o T R AR S L e ¢ 2T r e s I chR R Bk

B e s R A X 32007 0 @ b R T & P13 907 0 A 2-16 0 @ A%
16
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2 BB AR R G A B RE  F i AR G W 0B
He 2B 53-8 4R v 20 2 > {aifafapiagg 2%
Wk S § PR R A B g LR B oA B 0 F)

BALR G € WF R AR R A 20

Bl 2-16 T 353 4 20 um PP 4 4 & v -k Aid 2 4 31

B 2-17 18 wt% PS/PAN ¢ £ 1+ 5/5 73 % DMF ¢ ‘g awm b 7 5 §iF w iif

tok e 6 (a)10's ~ (b)10 min §o(c)60 min®®

17
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M

¥=F REPMF
3.1 R &
3113 4+
(1) ¥z %-p %% % B+ (Poly(styrene-co-acrylonitrile), SAN )
Sigma-Aldrich, My ~165,000 g/mol

Acrylonitrile 25 wt.%

CN

(2) % ¥ 2% (Polystyrene, PS)

Sigma-Aldrich, My ~190,000 g/mol

(3) A % (Polyacrylonitrile, PAN)

Sigma-Aldrich, M, ~15000 g/mol

™1,

CN

18
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3.1.2 3%

<5

3 3-1 734

oy i A HA S MF
Ethanol EtOH 99.8 % Sigma-Aldrich
Chloroform CF 99.8 % Macron
Chlorobenzene CB 99.5 % J.T. Baker
Dimethylformamid DMF 99.8 % Macron
Dimethylacetamide DMAc 99 % Alfa Aesar
N,N-Diethylformamide DEF 99 % Acros
Dimethyl sulfoxide DMSO 99.9 % J.T. Baker
N-Methyl-2-pyrrolidone NMP 95 % TEDIA
1,1,2,2-Tetrachloroethane TeCA 98 % Alfa Aesar
Methyl isobutyl ketone MIBK 99 % Honeywell
Methyl ethyl ketone MEK 99 % Acros
313 2

(1) =~ &% # padz (Tetrabutylammonium Perchlorate, TBAP )

TCI» >98 % > Mw=341.92 g/mol

19
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32 R PR A

% 32 7 PR

A B R 350
H phitep Hamilton 22 gauge
pER G I YMC YSP-301
BRTAERE SIMCO VCM-30P
ERE ML NP WD-1600M
BiRR Lutron LM-81HT
te B R 3%?«&5’“}’\7& (R A GT-8107
B3IRHAITRFEAIRAE
%233FHRE
KA LR B B A 50
B3 s 2 T 5 AR
(FE-SEM) JEOL JSM-6700F
0 & BRAE JEOL JFC-1600
JRAGR|IY R Micromeritics AutoPore IV 9520
= & 2R FRIEFHG P 100SB
TR TA Instruments HR-2
20
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331 FFH#HFH N T+ s (Field Emission Scanning Electron Microscope,
FE-SEM)

THRET R E ]S FP RS R EAD GRS ks {F s
FEF o A A RIL L 2 5 # (electron gun) % &1 - == ¥ 3 (primary electrons )

T REBF R LA FIIUFETBEE VLT IR 2B T I RERSRT

A4 EF > Fa N2 R E G DT F M blAew T+ (auger electrons ) ~ = =&
% + (secondary electrons ) ~ % = $7%+ 7 + (backscattered electrons ) % 43 fc X &
A (X-rays) Ap¥ 2 @B B (detector) € T35 » BLE 5o ffk 2+ (4
T G RBEGS

AFE T 2 BE B N T S Bt 5 JEOLISM-6700F ¢ & & 10

kV 227 5-10mA 23K 2T ig * o

Electron beam from the source
Incoming primary electrons

Auger electrons
Secondary electrons f

/
/ Backscattered electrons

’
’ ’ﬁ
’,' Cathodoluminescence

X-rays

Sample

B] 3-1 SEM 32 7 3, B

21
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B 3-2 ~F7 % & * 2 SEM

33296 2R

SEM REZTFERSLGPI®F > 222 Rk TFAE > FHRE
LR A PETRTETFIAARIT Fr L REETERASNT ET
oSt AT+ A F et A2 R o 7 RERERRER 20 EL
EEERE S 0 AT it SEM B § At RE- AV £ K lER
i

vARBBAMNREL AETEREY > EE F (A JI BT RERA ST
%,w ERFHo £ v ARIRBRELESEG PR T TN ERER
FEgRTs £05A4

22
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333 BRABRIT R
d RAGPITURBPIRRATUEAS T o A A BP M B E NIV Y 3 4 PR

4 (P) #H 5 0.1 2 60000 psia » # &t BE4 T TG 15§ 0 BERIHF 5
P 1T Aeng A GRS R AIPHATFRY 0 518 Washburn S A2RR 4
e ik EIE (D)% Aehk g k4 (y) 4 485dyn/em > £7F & (6) 5 1307 -

_ -4ycosb
P

PR M R AR (V) B3V enBl o F17 B AR~ A R AE I

i (dV/AD) » 2EE 3V ma Sl o LS A i sd dV/AD % D #m) o708 o

MEE G AT * 2 BRI RIS 5 Micromeritics AutoPore IV 9520 > ¥ & |
FL 4 F % 3nm T 360 pm -
334 K7 & ERIR

B FHA 2R e E AWML G R A2 DA RS R & (contact
angle )

AL R LR ELRIR S TR P TR 2155 100SB -
B Bkl DR A G 0 £ 0 SR B 4 & SR RS R F b

TE RS kR E

b

23
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3.4 9 5 2

341 WA T 3R

(1) #aHEgr+xFHmirg kRARE -

(2) RFHT FBLE TBAP 4 » 3R 7 o

(B) B A BT » T E AT KT A EER 65°CHKE 12hr 0 ¥
EH/B. HP 2R R o

(4) #3

n}&

REENZEREEFLAIFCLEFT

342 TR H% FIK T

(1) finadE A$FLEP > PIFE 5 L.SmL/hr -
(2) TREALFLEP > PHLL 109KV -

(3) 1 TR FE 19cm e

(4) BRFAFLEP > PlIF) 2 23-28°C -

(5) BB APHIERE AFLIIP > PIEH] ALY 60%RH -

343 WF s s

(1) & He ks -

(2) flr &AL i Fleiazpfddl-H-
B) #F H iRl d VR DR E

() #w g 4 ATE S TV EFRAE G .

34488 T8 €
F* 48 Image) TS8R E SEM B 50 572 P22 8 /8> v £FRE

Tiae jJTERLE o

24

doi:10.6342/NTU202201810



3.4.5 4 = 2R R &

(1) #aug=£ % 10mg-

(2) B~40mL e > RS BTRE A P o R 1] BE o

(8) B~iwiihie 2 SRR RICG 10 A4 B TG p i 20

() FF I 2T AR E R (Q)

MM,
M,

Qawirwd (Wimn/dan)(gg) Moz s w2 €3 M:sa

W 2 £ R o

o

G) EAF3cTo RET R G A RLE

vmc.mp NTU Tungs Group  NTU Tung's Group NTU Tung's Grovp
[U Tung's Group  NTU Tung's Group - NTU Tung's Group. muw s
TU Tung's Group  NTU Tung's Group - NTU Tung's Grow

TU Tung's Group NTU Tungs Group  NTU Tungs Gro
£TU Tung's Group  NTU Tung's Group NTU

up NTU Tung's Group NTU Tung's Group NTU Tung's Group  NTU Tur

NTU Tung's Group  NTU
NTU Ti
NTU™ ‘roup NTU Tur

NTU 'oup NTU Tu
NTU up NTU Tw
Group NTU Tu

Nll}k ~_sGroup NTU Tu

NTU Tungs Group NTU Tu
NTU Tung's Group NTU Tv
NTU Tung's Group NTU Ty
NTU Tung's Group N7 T

B 3-3 i TR %

3.4.6 KB fF & 2 B3

R R AR S > N AR EARER B0 BRI A 6 B B AR
S S RN TN S N N R RN TR R Y
RIBHAEFE RS F  RESENIDRF £ RS T
@R ET R R A R

RF IR EERRRAEF PR 2 kEGE S TE LT L

WA T RS2 RE R
25
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3461 B ER AT FW

(1) FEHFFRABMEIZAFI AR -

(2) ARG > BB A ITHBI DA LT S RGBSR T
2000 rpm » 1204 -

(3) #A 5§ BAFEHLE S P Uil L 2120 WABHAY -

26
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4.1 R HHEE & ¢

FrE RREEFRMR

GEESEEN S AT S E TS SEREE NS LA X R

LA et e A

IR EES IR 2 -1

"1 % &+ SAN kA& 350 mg/mL ~ ;3 &)+t ) CB/DMSO=7/3 (v/v) 7 Sv B SE

TBAP2.5mg 2 %i% & & » % 7% = SAN350CB7DMSO3T2.5 » & & + & fL{8 chfic

Fid4AF kR (mgmL)> CB ¥ DMSO % & * a3 & » 38 {8 chidicx P & 5

a5 AR R /7’]‘ Se B TBAP R T 47 » T # w cndicd 5 TBAP ek & >

FFOTRER I o P E(S Se For AN liF o

14

-1 g RS

Polymer .
Solvent ratio TBAP

Sample name Polymer concentration  Solvent
(Vv/v) (mg/mL)
(mg/mL)
SAN375CB10T2.5 SAN 375 CB 10/0 2.5
SAN350CBO9NMP1 SAN 350 CB/NMP 9/1 0
SAN350MEK9DMSO1 SAN 350 MEK/DMSO 9/1 0
SAN300CB7DMSO3T2.5 SAN 300 CB/DMSO 7/3 2.5
27
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4.2 B AT & SAN 73 13 R B3
BT R R RELT T
5 RIR A R AE SAN 233 3R > 2t I mLi3 ¥ 4 3 % SAN»

e »EE AT EEE 2hr 2R ERE %2 P Bl & ph i B 5 SAN 2

(3‘

LA BR RIS SAN A B A 0 Bl R B SERR > B

SAN B E 25 3 A5 R R IRR G A i R 7 &t 03 AA 5 SAN 2 2873 & o

£ 42 B A SAN B f2 R

Boiling point g, Dielectric

Solvent C) constant Water SAN
CF 61.2 4.81 insoluble ++
EtOH 78.4 224 soluble -
MEK 80 18.5 soluble ++
MIBK 116 13.1 insoluble ++
CB 131 5.62 insoluble ++
TeCA 146.7 8.42 insoluble ++
DMF 153 36.7 soluble ++
DMACc 165 37.8 soluble ++
DEF 177 29.02 soluble e
DMSO 189 46.6 soluble ++
NMP 202 322 soluble ++

a++, soluble at room temperature
+h, soluble on heating
+-, slightly soluble on heating

-, insoluble at heat

28
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4.3 3 B2 B
4.3.1 0 A BEA B A A AR B ABERRIA k2 AR

7 (CF) 2% % (CB) ¥ 5 SANzZ 23 » ¥ FB-RARZ % F 7
REFIAMT P RRRITHNEE FILA K R4 T ¥ B KA
GO RE) S G T IR e T - B0 T F R A A

FBR B L T A 2 BB AL B ] ¢ P A HAR A Rl

AR EFRRI RRAEL BRG] T RARAPT F

&
gt e Eiteand FiEiE > 34 F SAN 2 EA 25 350 mg/mL -

1.5 # (CF)
(1) CF/EtOH

# 0 (CF) % SAN 2 234 > ¢ i3 & SAN 2 253 # » SAN350CFIEtOH]1
Bk AcBl 4-le o AR 784°C B  (61.2°C) #Bhik F — 8o o it gL
AP AR B FAEF  EFOEFS  RAEGBERTE S
KF AR A G RE KT LIRS B A S SAN thE A B ok o R
o hR BB R R R G > FRAMRDELE S B AG W

Fod Be 7 UERRIWFNG ARELG o Bar o LF o

%] 4-1 SAN350CF9EtOH1

29
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(2) CF/DMSO

% 72 DMSO % 4 SAN 2 234 » B % 4cfl 42 Bl 4k v §
ATk A5 F AR 5 DMSO *8hi® (189°C)» 4 & 7 i ¥ilAz
PR A g P FL T R p Ry AT BR o BRI E T

Fis o b 3R SAN%)’Q}%J‘ EERE-F ;fé'r?gg\q/g_mrﬁ]*q"[/,_ MF B G A T

SAN350CFODMSO1 (Bl 4-2) #a4 6 = 53 B4 F3k® & DMSO
DMSO £ k4 B B3 e 2 ookEd  d 8af s B7 VBRI LG F T
WA RN vt ¥ o @A 24 5 CF/EtOH & SAN350CFI9EtOH1 (B 4-1)
WOk R h fedom o deipl £_F] 5 4P 3t DMSO > EtOH i gh i i3 H- 0 @

SAN350CFODMSO1 # * 3% & DMSO # 2k 189 °C » 4% P > 4r + DMSO &

R SRR € KF L R T T PR BT RRA G mT

CF/DMSO

®] 4-2 SAN350CF9DMSO1

i

N EREGHEAR AR AR OT EEE R

2,
Pk
ey

F_*
Wy

# v /?J‘ e g A

~

=
9y

4

T ¥ Boenp Al e Ry DMSO 3 ¢ wenfg iy £ > oA EE b IT

g gt e BB EE AT d A SAN BB G0 Tt s R v

BB E TR E

30
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#% (CB)

#F (CB) 5 SAN ez & » ¥ *hiEE T 27k F 4R34 SAN 2
A T AEARAEES VM E F R 0 A%d [ 2T % 5 DMF<DMAc<DEF<
DMSO<NMP: @ 4 & % #&+d -] £ 3]+ p| 5 DEF <NMP <DMF < DMA¢<DMSO"
A RIS AR B AR 0 B RNRMARE A BORdp F AR o B

AR ,,9’]‘ ‘vl A

Ay
a

oo F R - BAD G 91 (vV) 0 Bk AoB 43 ¢

¥ 1L 7| SAN350CB9DMAc] (B 4-3-(b)) ¥2 SAN350CBIDMSO! ( 1) 4-
3-(d)) #Ej2¥e- g A d e 3% ¥ék F] DMAc & DMSO é4 T ¥
Bop g v R @ 3 o ar ke ie g dE o LG ke g 4w 3L F S
% 348 > A % E_SAN3S0CBIDMF1 (Kl 4-3-(a)) ~ SAN350CBIDMAc! (Rl 4-
3-(b)) £ SAN350CBODMSO!1 (B 4-3-(d)) > R4 d 3t F AR s mE

# ¢ SAN350CBIDMSO1 (] 4-3-(d)) o # 6 7 JLETIFF AT 4 5 5P A

%] DMSO L A -k » 2.k § #sg e £ 4 o @ SAN350CBODEF1 (Bl 4-3-(c))

22 SAN350CBINMPI ( ] 4-3-(e) ) & * =73 %] DEF &2 NMP 827X 5 7 123 35K

=

g > BoRepg S a4 AL > FPr R AL G Ty WIMIVF oo A
e AR EA R e

£ 43 B A

Boiling point ¢, Dielectric

Solvent °C) constant Water
CB 132 5.62 insoluble
DMF 153 36.7 soluble
DMACc 165 37.8 soluble
DEF 177 29.02 soluble
DMSO 189 46.6 soluble
NMP 202 32.2 soluble
31
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91

B 4-3 73 A& vt ] 9/1 (a)SAN350CBIDMF1 ~ (b)SAN350CB9DMACc] ~

(¢)SAN350CBIDEF1 ~ (d)SAN350CB9DMSO] ~ (€)SAN350CBINMPI

32
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-

BEEY AR ARAT R R D e E AR R L0

R e RUKAR AR R A G § AR I e B R LR AT B
R ERRY §F 0B R AR B A BRI AR N R

2R GE & & & § 3 A4 % (Solvent-rich phase ) » % i3 & 22-K3T5 > ) B2 4 &

3l 0 AP AL 5 ALK R H s 2 2 7% (Hydrophilic Solvent
Assitant Breath Figure, HSABF ) » fr— & erwf S @2 vk 5 2 b o AL R5 & &2k

' 2

G SR 0 AR REA G I F AR R L AR 4-4 o

Solvent-rich phase
(hydrophilic solvent + water)

ex : DMSO + water

-
N .
\ Solvent-rich
S Water phase
\ condensation evaporation
1\ ,/’ — — —
/V
« _/
A
Hydrophobic solvent ) Surface Porous Fibers
evaporation Polymer-rich phase _
(polymer + hydrophobic solvent)
ex : SAN+CB

B 4-4 Sk 13 A S 2 o B2 8 47 A B

33
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SOHEM Y G 10Ul ki » e BT R > TER R
Bt deB4537%7 34 F SANER Y 5 350mg/mL - & $2 5 - B -RkRHE3
AL G5 9/1 o

¥ L% 5] SAN3SOCBIDMSO! (@] 4-5-(d)) 7% i% ¥ Kif & £ et § &
d 3 DMSO & -Kendp 3 g » s Bk ATR > g% TP B 4-3-(d)7 >
CB/DMSO 72 1 f. & 577 @2 it #5 Bp Aehd o 3 » 5 2 w3 Hle g

Ko EARRRCL 8- B kR R A - B

(a) CB9DMF1 | (b) CB9DMAc] | (c) CB9DEF1 |(d) CB9DMSOI | (¢) CBONMPI

0 hr

3hr

34
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d R T @AY R A B A R R T 2 S 6

3L 5 H#-% B 2 & CB/DMF ~ CB/DMACc ~ CB/DMSO #¢:E 41 k£ & &

~=\
o4
@
M-
3

Hu tpl FHEUFLG EIVREPEE ARG V6 BFFH Y - AAFRE 3
FL B0 A s G 91~ T/3 8 5/5 (Viv) o

%A e & %5 CB/DMF (B 4-6) 2 CB/DMAc (Bl 4-7)> 5 Apineni % » &

a7y

Fe T - AA L 9/1 (viv)FE > SAN350CBIDMFI 2 SAN350CBODMAc]
BE ¥ R wE A3t @ %% DMF & DMAc 7 £ (v 5] 7/3) a4
BN IR o e TG RN BT S o B 55 PR A R PR SRR S
d VIPS #8411 %> § A ke R blde 2 1 - BARAPF - d F FARELF > R 7
R FLEK A A BB 0 R F TR O SRS kT AR
% SAN 23 &) » 4 -k 22 DMF & DMAc #8415 » 25 2 5N 3R 5 31355 o
7 % & L CB/DMSO (B 4-8)» CB/DMSO * & 9/1 p¥ (] 4-8-(a)) » & &
PR LR TGV F A0 B B a Al £ 5 0 g fHOFE N B 3% DMSO
Gl o AAD A T3 (B 4-8-(b)) BAA G NIMEEFDE KB G T

BERI|GFF N T REY o > DMSO 2 EE &3 > 3 A 555 Riada

FA SRk AR 0 A PSRRI VIPS 1 5 3t B -
R oara v 8 a0 3 480% & e & CB/DMF ~ CB/DMAc £2 CB/DMSO » % #.7k

200 A Tk EERE A R M pE (G 9/1 82 7/3) A ek g 3k 0 HSABF
WAL E > @B A B S/SPE S ARBR B T - BRI 0 AR N
St d VIPS L ¥ o § MABI B kLB AATLE T 3 AR kLA

FEH DMSO » iz &t 5] 7/3 pF o g3 gt g B3ty iz A IR o

\m\-
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CB/DMF

& 4-6 (a)SAN350CB9DMF1 -~ (b)SAN350CB7DMF3 ~ (c)SAN350CB5DMF5

CB/DMAc

Bl 4-7 ()SAN350CB9DMAc! - (b)SAN350CB7DMAC3 ~ (¢c)SAN350CB5DMAcS
36
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CB/DMSO

%] 4-8 (a)SAN350CB9DMSOI -~ (b)SAN350CB7DMSO3 ~ (¢c)SAN350CB5DMSO5

37
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3.DMSO

%] DMSO #43t3) 2 & 5 34 0F 3 @0 end > - A BA R 23 R F G
DMSO » # 4 * 8L 73 -k 274 W] % 3% % MIBK & TeCA > ¥ — 73 %2 DMSO + i7]
FEL 9/1~7/38 5/5(vv) LB HHE A BEA A K2 A RIS A G JUF
JF L }%%zgs o

B LBLER 49 3 e s 5 MIBK/DMSO » SAN350MIBK9DMSO1 ( F 4-
9-()) % & F o]V 2 e W T HR AP I BRI Ak o
SAN350CFODMSO1 (F 4-2) $ ¥4 inehi % » @ SAN350MIBK7DMSO3 (R
4-9-(b)) A G F - £k o RHAPN e i LG VIPS 3Rk
SAN350MIBK5DMSO5 (] 4-9-(c)) S @ p %R P &g VIPS /|- 3t o

£ OREZER 4-10 3 & 2 & 5 TeCA/DMSO > SAN350TeCAIDMSOI ( B 4-

o

10-(a)) @t #4k> @ &5 3 ]34 > SAN350TeCA7DMSO3 ( #) 4-10-(b)) 4 ‘&

25 G R BB G T BB I AR IF DG Y D RN IR R

# o

T4

Re D3]k > @ SAN350TeCASDMSOS (8] 4-10-(c)) = &% % 3k

Riad

38
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MIBK/DMSO N

b U et (U
IAim AL [@
4

3» L
)

®] 4-9 (a)SAN350MIBK9DMSO1 ~ (b)SAN350MIBK7DMSO3 ~ (c)SAN350MIBK5DMSO5

TeCA/DMSO

Bl 4-10 (2)SAN350TeCA9DMSOL1 ~ (b)SAN350TeCA7DMSO3 ~ (c)SAN350TeCASDMSO5
39
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B0 B 2 DMSO 23 Bl E e - AN bl ah SN
I - CF/DMSO » 3 > v i > 4oB] 4-11 & B 4-12 -
iﬁL A9/ (B4-11) w3 IR A 34k > & 5 34 iF 4 HSABF %
#14 % o SAN350CF9DMSO!1 ( ®] 4-11-(a)) £ SAN3SOMIBKODMSO1 ( [ 4-11-
(b)) % 5 % T k4@ > F] CF ~ MIBK A B3 i > B IR B A 5 304 7
Lo RBATAH ERESRABI DR a3 A L 615 73 (B 4-12)
FOUELEI R 5 A s 5 CB/DMSO 1 SAN3S50CB7DMSO3 ( B 4-12-(b) ) 3t
ot TP o B aRe L3R EAR FoeAom o FAp IRAIR] It
R FIABERE ¥ - MIBK & TeCA % 2 # B kera® > ed & 44 7 F 5

MIBK ¥ TeCA e/ 7 % 8l 8 >t % F > % % MIBK £ TeCA &+ 1" 3

0y
#
=

2> MIBK £ TeCA BURAER V- & 3% 0 & FARE # A Han-k o Flut i3 v
& 7/3 B > SAN350MIBK7DMSO3 ( Bl 4-12-(a)) ¥ SAN350TeCA7DMSO3 ( &
4-12-(c)) chigh M4 & BEAR YR I 0 LA W TP 0 PRSI 5 5]

AT T RRUA B B R A AER L XA G LS E R

% 44 75 A

Boiling point ¢, Dielectric

Solvent 0) constant Water
CF 61.2 4.81 insoluble
MIBK 116 13.1 insoluble
CB 132 5.62 insoluble
TeCA 146.7 8.42 insoluble
DMSO 189 46.6 soluble
40
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4-11 73 A& " ] 9/1 (a)SAN350CFODMSOL1 ~ (b)SAN350MIBK9DMSOI -

(¢)SAN350CBIDMSO! -~ (d)SAN350TeCA9DMSO1

41
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B 4-12 ;% & 5] 7/3 (a)SAN350MIBK7DMSO3 ~ (b)SAN350CB7DMSO3 ~

(c)SAN350TeCA7DMSO3

42
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432 AR P RYRL A5
431 SR Y BEAM GAT S m AREY EE L RIUABEAH D 3K

PR ABERAG R A ER RGO AN HT o Rl e T A

ETR

SR R EE T 246 N 23 & 3 -k eip &0 73 Al e & 5 MEK/DMSO

311’<

# DMF/DMSO > 4 B &3 A ) 9/1 ~ 7/3 £ 5/5 (V)R o it 3 8 73
ok BT BB R SR AcR] 4-13 2 4-14 -

BRI R e s L MEK/DMSO (B 4-13) 0 3 f&v bl % 22 [£39- > 54

-

WG O/l # T3 A G e o m B T LR T 3 4658 A b 2R
AL FE ARt R AR R kA AL F A T B
PO RBRAEREREE MO F P Ry AR R R4 5 0 7] MEK & DMSO
FRAK R F B RS A R oKD AT R A B A K F AT
o) BRI FE 5 307 -

£ RBEZER A EE S DME/DMSO (Bl 4-14) 3 fa b» 3 &8 j235- > ¢

B TP AR A e 4 MEK/DMSO ek lm » F1 5 DMF e/ 7 % #icdp it

S

NEKiﬁ%’DMWDMﬂ)iﬁﬂ%ﬁﬁﬂﬁiﬁﬁﬂé%%%*?MEQDMM)W%WG

L

A

THEE A EARFAG TS RPN R LA T
DMEF/DMSO 7 g 88 j2 4 $tm o ¥ 12 L% F| DMF/DMSO 7 e i3 v b 4%

ARG FF IR A FIE L RAES T kg e o SEM B Y

i

A RBFRE 0 A6 T IURETG 3 K& IVF o AoBl 4150
RSP FAod A B AE 5 SAN A3 A > F 4 RCGA B2 3 A

Aok REABLBAR K SR ARABTAMELEE T AL

HSABF 42 %> £ o 3 3V e @ @ * 3§65 & J’KTF\SAN LR 2 ‘,f;”i

Aok AT B %R 5 VIPS 413 o p3RE S S R s -
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F 4-5 73 A F i

Boiling point ¢, Dielectric

Solvent °C) constant Water z
MEK 80 18.5 soluble
DMF 153 36.7 soluble

DMSO 189 46.6 soluble

MEK/DMSO

Bl 4-13 (2)SAN350MEK9DMSO!1 ~ (b)SAN350MEK7DMSO3 ~

(¢)SAN350MEK5DMSO5
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DMF/DMSO g 23

®] 4-14 (a)SAN350DMF9DMSOL1 ~ (b)SAN350DMF7DMSO3 -

(c)SAN350DMF5DMSO05

.
¥l 4-15 SAN350DMF7DMSO3

45
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44 BB BRZEE

R AR O FIRAEF A BRABLIGERTE B LF AR
kAt o0 B A F SAN F A3k s Flpt ok 2 SAN 2R
VIR K SRAR A ML BB VR E FAL L S PEL ) BEUKA AR & 0 SRR A6 e
roKGEY R BRI E > B REBABEL Z LD oo A Elsd
ooEn A2 - FAORE R BlAcd g 3Lk & AP IR .

-~ A AEBREY L 60%RH chR T %> 50 MR BRR 0 Y L
2ORIRAS o MR B 40%RH - A R A ARHIRA > RIAAIT SR F R A
#8219 80%RH -

AR EFEFF R BAEL BA B A7 FAAERRT T PR Rt
%0 JRAE A B 5 40 ~ 60 ~ 80%RH - 3£ %3 | 2 & CB/DMF £ CB/DMSO - %

Wbl w5 9/1~7/3 8 5/5(/v) 0 % A~ 3+ SAN 2k R F %350 mg/mL -

1.CB/DMF
3% & CB/DMF » & % 4o 4-16 ~ B 4-17 22 B) 4-18 » 5 4p e ia At 6] &
PRARMBERE TR SR c3EAA HF P SRR RAD S
BE&B A R4 T RAEHRE I S0%RH #4&k ¢ skl 4 » Fk 5 SAN c2h3
B EBRARS EHARALEAN > KT TR
H A BELEB A 9/1 £ SAN3S0CBIDMFL (B 4-16) > e MGRAERKE @ » 4
e THEER L F e 0 60%RH PP o NIREFwmE IV o RIVF A G
hEi e 0 FRAREF I 80%RH  Hiai g NILPFFATI K 0 F A Gl E
B3 OFIEFBERRE CMATRIPRT BAE L AMEETR RS 5K
KRR ie P o AL I FEFNHBRARB R AT AREBEAR R
FAFMRE RFABISAY S RRER AT AL 5 A2 ERAF S
fAREHRAE MPE o BT R o IV AR el o L ORELRB A T7/3

7 SAN350CB7TDMF3 (H] 4-17) > ™M BR BB T AL T FF wha £ 3
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PREFIRR IR RO P B e SR VR o SR A S5 h
SAN350CBSDMES (] 4-18)+ F]4 — £ 1t 6] éf3 Al 5 -k A DMF » ¢ &<
| == |

R ]
BEEET o RFREAN AT HERY B rRE AMBRESR ;‘g)g;%ig‘fr i

g MM G A

SAN350CB9DMF1

Bl 4-16 SAN350CBIDMF1-(a)40%RH ~ (b)60%RH ~ (c)80%RH

47
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SAN350CB7DMF3

s

] 4-17 SAN350CB7DMF3-(2)40%RH ~ (b)60%RH - (c)80%RH

SAN350CB5DMF5

Bl 4-18 SAN350CBSDMF5-(a)40%RH ~ (b)60%RH ~ (c)80%RH
48
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2.CB/DMSO
A 2 & CB/DMSO > % % 4§ 4-19 ~ B 4-20 22 ) 4-21 > 5 40 o i3 A 6
B FARHBREER TR SN R BT TS A FIRARE A M B R .
iﬁwﬁna F) 1t 9/1 v SAN350CBIDMSOL (B 4-19 ) "g FAp 4R E 3 & >
Foo 3k w & A WERIA) > 48% 22 SAN3S0CBIDMF1 (@] 4-16) Ap i » i
SAN350CBIDMSO1 % %8 & 40%RH 73k 5 ¢ (Bl 4-19-(a)) > 2% o e
RwmE a3t FRAEESB I 80%RH» 2 : 34 FicF 28R o i e 7
BLRFIRAPN NG B3V & g (B 4-19-(c) ) PRI F R R St
FAaie < FSBRAREE AR RARS KFRAREEY W
Mdeowm ek BHIY 0 A Lo 1AV F 0 2 FR Al DMSO A gk g W i 0 4
+ DMSO -k BiEss > Flt gap SRR o ok F R L H A A2 F U
[l i 32 ﬁ” FOEREA G S HFREAEF o oA PRG3R o
£ kpgziaaht 7/3 57 SAN3S0CB7TDMSO3 (F 4-20) » 7 iR B Tk 5 P 4
B MR- LW A P8G5V A % R EF] DMSO Mok 4 g o
TR AMBERE TS ko b P AMRERE Y S A M # DMSO i
ok g B oo P o JERBAD TBERAERN IR F IR A R R
5 80%RH % 3t ik 25§22 60%RH 3% i 255 sg 17 » F B F T R~ SR W o
B {874 A 5/5 e SAN350CBSDMSOS5 (B 4-21) 0 5% 5 &3 & e &
CB/DMF ;% #&|+v- 5/5 & (B8] 4-18) 4p iz » F) { -k 92 & DMSO k7 — Xt 5

S 1) itfii,@)ifﬁi”%“ v B 7 ;@};%;‘»}»gg\;g@;ﬂ » AN IR Z LA o
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SAN350CB9DMSOI1

7

Bl 4-19 SAN350CB9DMSO1-(a)40%RH ~ (b)60%RH -~ (c)80%RH

SAN350CB7DMSO3

[

Bl 4-20 SAN350CB7DMS03-(a)40%RH ~ (b)60%RH ~ (c)80%RH
50
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§l 4-21 SAN350CB5DMSO05-(a)40%RH ~ (b)60%RH ~ (c)80%RH

WARBRATEATEEF R LT RBAREIBAR IR B ik B ki 4

BESLIGREL IV FEY X PER F)F o

51
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457 B

§ 4382 44 557 @i £ A5 CB 22 DMSO 8 & i B o 308 20t 6
TOHNHFRAEEIG IR T EREFITE 0 TP SR B REE G
CB/DMSO ;3 & &) 5 9/1~7/3~5/5~3/7~1/9 (v/v)» @ & &~ + SAN kR 5 100~
150 ~ 200 ~ 250 ~ 300 ~ 350 ~ 400 ~ 450 (mg/mL ) > %% = CB/DMSO ' (]2 5
>FERS T T S - AR T B SEM B4 Bl 4-26 0 Tkt 2 %
LA H LT T LR hoB 422 ¢

EFeNB AFERENTOREILE I RPTRAEVREE T B AP
PP 2R AFRAE M A F4BYERS T HE FL R4 T

TGO PRI - e AP R TR AT REARS I - TR R
A g 3R A3k (spherical bead ) % 5 4 4&5k (spindle-likebead ) » £ # %
LB S & Wik (uniform fiber ) > 4oB 4-23 0 A RA T 05 [T FEF B
A ER R A B Ao ol 4250 § % A4 F kR 500 mg/mL BF o ARR R

R AT UM SUE R A

e

‘Er

i T A e
FRATERFL EFHA 67 DMSO v b4 0 4k AR
P Lo i 4ol 4240 0 T DMSO S E B AT H R R T 4R
RFEEEOT R AR FHIAEHN R SRV ARR > 4 25— ¥ A

— ,‘.‘ W

R

52
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90

80

70 4

60 —

50

40 4

/

(c) uniform fiber
304

DMSO volume fraction (%)

(b) spindle-like bead

$

104 (a) spherical bead

(d) unstable region
T

T T T T
100 150 200 250 300 350 400 450
SAN concentration (mg/mL)

] 4-22 CB/DMSO x st2. % 7 & B

4232k A AT ERZ TP h-(2)57 8 5k~ (D) AER A% ~ (0)F [S0- B

£

Bl 4-24 7 J CB/DMSO i &t ]2 § #7455

53
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Diameter (um)

10 30 50
DMSO (% of solvent)

70

[ sAN150
[ 1sAN200
] sAN250
I SAN300
7] SAN350
I SAN400

[ sAN450

90

B 4-25 7 = CB/DMSO ' ]2 % fr SAN k& 2. T3 a8 &

54
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CB/DMSO (v/v)

SAN concentration (mg/mL)

B 4-26 # = CB/DMSO ** ]2 % F SAN jk & 2_ % & SEM B (2000 & )

55
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4.6 Rk 2 AP

G REF M EHN LR RO F > B4+ kR AL 300
mg/mL » 3 A% & 5 CB/DMSO » # 6 B2 7/3 (viv) T &3 2 109KV > 7 & L
A A YE S 05 1.5+5 10mL/hr o

d Bl 428 7 ORI FEREE RKRS 0 TR S D RE
RIS AR R e AR B SRR E

L5 37" 2% DMSO» Hi4c > itm NILL G FREL PG o

SAN300CB7DMSO3

Diameter (um)
IS
1

15 5 10
Feeding rate (mL/hr)

Bl 4-27 :BALiniE B T 3o g T

56
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SAN300CB7DMSO3

N

8] 4-28 SAN300CB7DMSO3 :z % :& 47 i# 22 SEM RKl-(a) 0.5 mL/hr ~ (b) 1.5 mL/hr ~

(¢) SmL/hr ~ (d) 10 mL/hr

57
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TERZFE

AR TROBERCETRET FREV RO TRE A B 109
kV~152kV £ 18.0kV> & 4~ + )k & F 2 % 300mg/mL> 3 # e & & CB/DMSO»
ARV S 9/1 ~7/3 5 5/5(viv) 0 igdliniE B2 1.5 mL/hr e

L% yo[B) 4-29 - B 4-30 2B 4-31 0 ¥ 2 EL 5] CB ¥ DMSO &) 9/1 (E
4-29) 2 73 (R 4-30) 288453 F  "CFLRHen Rwk > Bae [T
AT E AR E (B 4-32) FIR{ AT RER DB ROER P
SAN300CBI9DMSOI1 2 s it 3 T8 St R E 5 Wiz 2 (H 4-29)
@ SAN300CB5DMSOS5 (B 4-31) e R T BRE > PR AT & X 4 22, e o 1

BERAR > AR RENB AL IVFREE T E PR o

SAN300CB9DMSOI1

B 4-29 SAN300CBIDMSO1 iz % 7 & 2 SEM Bl

58
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Viin

] 4-30 SAN300CB7DMSO3 iz % 7 & 2. SEM Rl

SAN300CB5DMSOS5

Uy

] 4-31 SAN300CB5SDMSOS iz % 7 /& 2. SEM Rl
59
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Diameter (um)

SAN300CB/DMSO

4.0

onl|
3.5 - L

10.9 15.2 18
Voltage (kV)
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4.8 BT B 55
4.8.1 5 - B4

o AT
u=\ nh

1.CB

A CB AR B RIF AR R ERTFG> P8 TRRF TR

~=h

R AFERKRBIE 350mg/mL + TR H 0 2T M T gL T
FHREIRRY O SERRATHEE NG TFHRORF 0 R TL
LA R4 o hFHREY LR S e 7 AR ALee (TBAP) &3z 4
> 2.5mg/mL (7 TBAP ¥ £ 2 7 4% o

Bl 4-33 % SAN300CB10T2.5 ¥2 SAN350CB10T2.5 2. SEM B] » & a4
At A TEA SR A L) L B ANLE SH A G A6 N

HHE > ERBRABELF 5 QAL L FBBa A2 A, Ef6 7 VERRI|GK

[
=
T1\4

Py
(41*:\
g

¢

TG ERIF o

Bl 4-33 (2)SAN300CB10T2.5 + (b)SAN350CB10T2.5 2. SEM ]
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2.TeCA

A TeCA 2 i T ¥ #ics 842 %~ F kA 5 300mg/mL P&+ 4£ % *: ' i
S 4ol 4-34-a) > 5 T RAVR 85 F w2 G SANZ00TeCAIO § ke
4o

F AR 4vr TBAP 2.5 mg/mL & > % % 4@ 4-34-(b) > ¥ M % T
SAN300TeCA10T2.5 % f ' 48 js 3o thigh o 58 8 B /= 49 #3° SAN300TeCA10

SRR oo

& 4-34 (a)SAN300TeCA10 ~ (b)SAN300TeCA10T2.5 2= SEM &l

d PR ET UE RE ARRY e r b —E-_ﬁi{g,l,%") FOUH AR S
EEE - cngaet BT E- B EFE S w2 R a { R RE

Bet G0 T ARE ALY B S o

62
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4.8.2 B3 A
1.CB/DMSO

FOREFHBEHNALLAAL G FVRDPF RFLFRRARAT
300 mg/mL > 73 &l & 5 CB/DMSO - i3 &l 5 9/1 2 7/3(vv)> deipife? F 4 2.5
mg/mL 1 TBAP » &4t i B % 1.5 mL/hr -

3 % 4o 4-35-(b)% W] 4-36-(b) » 4 TBAP {5 & 2 % £ F jT3o- gl
THHFEE AL R R R s e o d B 435 F R %I
SAN300CBIDMSOIT2.5 2 * 325 M E /4 3 4o 347 0 SAN300CBIDMSOL
fmo P ARBRI| A &g itk ¢ ANFFA &G 13t 0 @ B 4-36 RIT RZ T
SAN300CB7DMSO3T2.5 2 4 & % & 3% i P! B % chfitm £ > (g L5 5 i 4 B

ERRRETIE SRR Y TE 5

Bl 4-35 (2)SAN300CBIDMSO! £ (b)SAN300CBIDMSOI1T2.5 2. SEM #]
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] 4-36 (a)SAN300CB7DMSO3 £ (b)SAN300CB7DMSO3T2.5 2. SEM Hl
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4.8.3 efinik
AR L w2 B d 47 FORET AT P ek 0V

ERmER G F]R % 4o r BT TBAP chA R T @ 0 X0 dieliid e s 0.5

mL/hr » 5 % 4] 4-37 » FoB] 4-35-(b) 2 B 4-36-(b)1: f 0 T 0L P OATELR ] T Kok

AE R AR ST L RAT SN 1 um e @ & 534 B L

Al o

8 4-37 (a)SAN300CB9DMSO1T2.5-r0.5 ~ (b)SAN300CB7DMS0O3T2.5-r0.5 ~

(c)SAN300CB3DMSO7T2.5-r0.5
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4.9 i 7= =t
491 8%k

B R sk E R A RNT PR e 7 7 R % SEM 4r
] 4-39 -

RO AT ORBEENG LB RE RS 2 THEREE S0t 4
6“7 » '/ SAN300CBTDMSO3 & o] » £ 47é ¢ 3 3-D3 Porous > % - ##cF 3 &
AP HATIOE 5 5 3umo D £457 4 DMSO - D 1 5 #3 5 DMSO & 43
)k Beent b o Porous R R A A g g 3L 0 B & G LG 3Lk R Smooth

Feom o @ P FRA IV R Rl VIPS &% o

Fo4-6 3 PR SR L e 2 TR AT T

e L HE fie = T 3o R T T (um)
SAN 375 mg/mL
3-D0 Smooth CB 3.29+0.25

TBAP 2.5 mg/mL

SAN 300 mg/mL
3-D3 Porous 3.10+£0.21
CB/DMSO=17/3 (v/v)

SAN 300 mg/mL
1-D1 Porous CB/DMSO=9/1 (v/v) 0.90 £ 0.08
TBAP 2.5 mg/mL

SAN 300 mg/mL
1-D3 Porous CB/DMSO=7/3 (v/v) 1.18 £0.07
TBAP 2.5 mg/mL

SAN 300 mg/mL
1-D7 VIPS CB/DMSO=3/7 (v/v) 1.21 +£0.07
TBAP 2.5 mg/mL
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4.9.2 %275
WS R B2 g8 SEM RBlAcR] 4-39 0 TE 23 um 2 Bay 2 @

> %) 5 & @ T f e 3-D0 Smooth 2 4 & 5 Uk B IV FE BN 3R eh 3-D3
Porous ° ,,"'J‘ B TBAP V43R T ¥ i Pl R A fadio
TR A e R A R/ T lpmgay 3B HiaRy
2

F B4 1-D1 Porous 45 S d 6 itk o d 5V RREIEF P

A %

F_&.
N

=N

B TR R G 3% > 1-D3 Porous ] DMSO b4 8 0 iU F ",f R
b g E AN IR B fe 1-D7VIPS B] 5 VIPS p 38-] 34 9758 o

B RAPITCRECRAIEALG 0 BE 4B 438 TH0F S 3um 2 B
S 10° nm HITE R E > T USRS R R ey > A e B
% TBAP ¢z 248 53 /&% 1 um » % @R =3 10° nm 31T » Flgk Ao > Sa
B enshi Mo ¢ 4P $H#c] - 3-DO Smooth Fl 4 & &34 3% v > 7 & 10°nm 1) R
PRAFLEBEE A 3 PRARE€F 2 BALEIVEL G 5- BEARATYE
Mo %= BRI E R 3tk o §]4e 3-D3 Porous ",/T‘, 7 10% nm T eE B2 ¢ o
% 550-350nm » F 4 &> 5 44 G 93tk o 1-D1 Porous f 10° nm *if e {5
2 %5 3 60nm *HiTF % = B & o 1-D3Porous ¥ SEM ¥ /U ELZF| G v &
W) chdom 3V 0 Flet & 150nm 22 100nm & 3 - B# & o 1-D7 VIPS S a4
BB ERE G ] e VIPS o3t > £ 100-30 nm 3T - B IV R (S g B
FRIAFI S BB L G BN FNE G L3t ot G R A ERR

€ RARITCRBEN SRS LRI AR LG EAL 4T RS
PR A AV ART S EFFRI 5 86-93% 0 A A G A d ] 3 <
» 3-DO0 Smooth <3-D3 Porous < 1-D1 Porous < 1-D3 Porous <1-D7 VIPS - 7 -
2P 25 3 um 2 &% > 3-DO Smooth % & 3 T IR K
% 236 m*g > 3-D3 Porous % & F 3“jF 2 Ftp a3 AT w0 A G g
1131m%Yg> 2 *BmRE ALY 1l um 2 5% 0 1 um 2 Safk 584 6 fFw B3

um > 1-D1 Porous 3 if ¥ & a4 6 > %4 % 4 5 12.15m?g > 1-D3 Porous 4
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Pore Volume (mL/g/nm)

IR SIAUNE T LN A Y Rt

CA A G

@ 1-D7TVIPS 5 p 38/ 34 24 &4 6 R F & i 50.11 m¥/g -

0.010

%2621 m¥g>

0.008 -

0.006 -

0.004

0.002

0.000

—— 3-D0 Smooth

3-D3 Porous
—— 1-D1 Porous
—— 1-D3 Porous
—— 1-D7 VIPS

Pore Diameter (nm)

Bl 4-38 /b ' B w TR R RAPREILE A T R

24T R FE R RERSLICHAEERLGH

Sample name Porosity (%) Total surface area (m?/g)
3-D0 Smooth 86.42 2.36
3-D3 Porous 93.45 11.31
1-D1 Porous 87.94 12.15
1-D3 Porous 91.14 26.21
1-D7 VIPS 93.00 50.11
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B 4-39 jd =i F % T 4% 2 SEM B 0 (a) 3-D0 Smooth ~ (b) 3-D3 Porous ~ (c)

1-D1 Porous ~ (d) 1-D3 Porous ~ (¢) 1-D7 VIPS
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493 kg &
A fRBHEL 2 RETRE A P f1* R g #2045 A 3 PS-SAN £ PAN
BRI A RO L o R BRI o Bk doF) 440 KR 0 T

BLE T SAN 2 K Eff & 5 80.1°4 > PS &2 PAN 2. ' » ¥ #- SAN AL 5 — B k#

7}‘_'_ o
24881562 PR LS
505 3 # s ()
PS CF 92.3
SAN CF 80.1
PAN DMF 56.6
92.3° 80.1° 56.6°

v - -

Bl 4-40 PS ~ SAN £ PAN #5572 -k 4%:7] &
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di 5 sl 4 [/ or— b 3
hokz ghmEs e

NP R-SAN AT P RS HME ko d B 441 FRZET] > TP

2 4F ik m B P 3-D3 Porous Fla A @ Ik &k o

Fo mRER R e KR E B 1510 B B 4t Asn kT

(a)

134.88°

(b)

151.53°

(c)

132.75°

(d)

139.63°

(e)

135.27°

B 4-41 7 a2 -KEf & > (a) 3-DO Smooth ~ (b) 3-D3 Porous ~ (¢) 1-D1 Porous ~

(d) 1-D3 Porous ~ (e) 1-D7 VIPS
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4.9.4 78 = e HR[ R

e ig * 5 8 0 (Silicone oil ) ~ #4 (Motor oil ) ~ ¥ # (Pumpoil) ~ %
=74 (Sunflower oil) #7244 (Diesel) & * S467% b &b& i » BRET Bk
b T R g o

FI* R RBIE N AR TR AR AR T A D) SR >N > FF

> FETTN > > R AR 4-42 87 £ 4-9 Aron o

—=— Diesel
Sunflower oil
Pump oil

—v— Motor oil

—o— Silicone oil

—~
7]
-kqs v\v———V\v; v v 5 v - v v
L S
g OJ.?
= ]
[%2]
o
(]
2
>
0.01 o

— s = s o s a a = g
1 ' 1 ' 1
1 10 100

Shear rate (1/s)

Bl 4-42 b 2 ALR B2 5

% 4-9 9 2 AL

Oil Viscosity(Pa*s)
Silicone oil 0.2567
Motor oil 0.1574
Pump oil 0.0803
Sunflower oil 0.0219
Diesel 0.0026
72

doi:10.6342/NTU202201810



250 [ 3-D0 Smooth
[ 13-D3 Porous

] |C]1-D7VIPS
] 1-D1 Porous

200 1 | [l 1-D3 Porous

150

Adsoption Capacity(g/g)

Diesel Sunflower oil ~ Pump oil Motor oil Silicone oil

Bl 4-43 T ka2 b T e B

BT AP 10 mg iRie i Y R TR B R AoR] 4-43 1T o i
AR AR EL e frRae ez Fadi o d 2 miv® Spd s RS EL
Bop A Bt e R OR A A REB A 4T AT A G A 0
oo FRE RS B FRFES A&F o

FATUBERINGGE §EF N TRERA e n R 0 EEF D IER DR 0 D
§‘}%~ ~ ‘a‘.rﬂ“r]'-ﬁ‘ gﬁ,i ) i# % ‘g‘pixlfsb 3 ":i’ iﬂﬁ °

BFEREET XY 3 um 2 > 3-DO Smooth ¥ 3-D3 Porous 4p ¢ » 3-D3
Porous § #f xR o FIE b 1 1 F AR AR A 2 B ki b o8
€A F B HF Beh3tF B 0 @ {8 3-D3 Porous Sk R RE TV IF AR o

T ¥ap o 1 pm gk AR RS 3 um gk o R o B A E R S 0 A
w2 AL RF A g o Tl RE OB o

B il LB E TV ] pm g 822X 1-D7 VIPS U p 3845 35 § e 3o

73

doi:10.6342/NTU202201810



Badtes FFoAEIVF o Rd NI S o RS R R TERE o a2 T AR
Ao F 560 nm3tiF e 1-D1 Porous > H = hd g 3tk & B E 5 A AR
Aom AP BRI T &5 IV SR g8 1-D3 Porous 0 Aind SRS
wY G BTSN Y R E T B E 228 glg e AP MF B

A IE A ] BRI o o

74

doi:10.6342/NTU202201810



I F L%

L =R

"'JH—

BTSSR S M 0 LR A S F L G- SR
( Poly(styrene-co-acrylonitrile), SAN ) 1% 2 444 3 i@ * B3 & & vl oy F 34k
F¥A e S EEOEE B 0 PRSI B R A ER R
PIAE BB ERZ BRI G I T RA BRINGE 2 Sl RS IR T
Fom BEItBR BRI 2 T IR o

FohEETOBEFRBRBELEEV TR ¢ 2 A B
dHRBOHTPRANIEI VR EFPE - LY FL s PG ARY R
2 4 BEE A Y A A YK 0 @ 2R R p A ek
BRI ANR R AELER Y S AL TS AR B R
blded A+ /73 #E 8 SAN/CB/DMSO £ SAN/CB/DMF e & &t » Mgk ot
B i o BOA B B Ak @ B A B AR E R B 5
SRR 4o F A I - B AT AR A BB ] — ALK IR R g Bs 2 e E e ]2
(Hydrophilic Solvent Assitant Breath Figure, HSABF ) » & 7 e U LKA R P
FI% G F Pk B A PE A kAR A T A FAKBRMBELF Y kS
L AN FRAFARTE B RARZIBBFEF A HAE NN E > REAPAS
e 4 o BRI A RRREREY Rk F R AN LR DT R A
SAN/MEK/DMSO ¥ SAN/DMF/DMSO e & x 37 {84 § B2 5 SAN

2R A SRF R AR TR RA R G VIPS A o 303 0 F R

N

*m

A BE2 R AR K 0 R B2 BRI R B R SRR A BT 0 A ¢
A2 9 HSABF 1 #end & 39 iF 508 > B3 BIenE{ &0t 0% i 4y § »een B8
a2 a A s i CB/DMSO b5 7/3 B > it 5 WA A 6 g
AZ BV RGN 3P L gk o

oW REE SR P AR IR TR ‘*ngé«‘a_» LB A R
PR AFERE T 2 SAN/CB/DMSO /e & 4 suihd i mfrdlghas g 3

75

doi:10.6342/NTU202201810



AP EA R (T Rl F e 2 TR BB HE AR

AFE AP E5 R w2 SANTHga > Fe s ydsk 29 1-3D
Porous Fla @B jifim > ¥ 2 ¢ FF B BAP NIV 0 AW SFSRHT KT G

BAF A R W P R VO E IR AT R RR 4 B2y

e
\_

cF AT R AETSENPENE D PR A R > SE AR R

Rl

AL R Raand s ek R > Ry G FRE T N ook B R
SR A AN B E ok BB hHAE B - oS I BEFEES D

v 1 g o

76

doi:10.6342/NTU202201810



AR ARFL
S AT G A e FI i 4T L BB 610 K I FE
(dropcoating) ** F /B ARZ T + 9> %7 & Wit - BAFIBA (80%RH) Hi
ol A nER Y F ] 0 # Y R S L& B s 3k - THE 5 %

BERAF MR A O A IF MR AT AR o F RIS IV F R AoRl

‘i

6-2 2 [§] 6-3 °

Water vapor
Water vapor

I
1
¥ =l
]

yY Y

1
1 )
! Lo Y
Cooling of solvent Y Growth and self- Y evaporation of
and nucleation of . assembly of water solvent and
moisture droplets . water droplets
1) (2) 3)

Small and disordered Ordered water droplets

water droplets array

BFA film

As-cast polymer solution

B 6-1 vt e B2 H 3]0 s 4 2T 28 70

(B) N ."g}-_"

Bl 6-3 PVDF-HFP/(3 fit % 34 &% > (A)E & ~ (B)F & ~ (O)# &

doi:10.6342/NTU202201810



ARG A FF 252 2 HSABF #8410 - k8 B A 5 60%RH & 7 %>
B ARER ARG R DR ECWE N LR IREG D F RN IR
WT o FP EERr B AT 2 23% (SANCBTDMSO3 5 5L)» & * 47
RS AN TR BA A REEE RIARILTFE FH A FH W
Am o HE SIooa LG ItiFacat W 3 RICE N FIR 3 A DMSO Mok
B o ik PR A K 60%RH h- kB o 4 il &G T fateni
o B EAcR 640 ¥ WH N OEN S FIRS A & eIV R ke 3
AR AR R ET st Pmreaus g BT R E LG Rt d ki

HEEd T SR

Sl Sl a0l

Bl 6-4 SAN300CB7DMSO3 1% 217 »# & F+F 2% (A)L & ~ (B)& &

78

doi:10.6342/NTU202201810



g B R TR R VG BT A B AT
FF G EE 5 ERT B TR AT 5 R A R AL APt
® O BB S AUE 0 B HRE A B A A R ROUA BRI AT (A G R R

I TRBE Y K F Y 4B A2 d HSABF 1 $end g 3L iF Eu 3

i#
Wh AL FE s R A S - MBRRA T U N E R Y
i

Ay

L»;L;}g'ﬁ?é’fﬂ;ﬁfﬁi 2% drE 6-5 —\7};&!,{)’(4&% ¢;L;§a§f?%£

(=1

ek RAER T LR R R AR YT A MR R R
B ER M AR A A A 3 WA A A A RAME IR 3
B H - HRE G RES R BB gt A KRBT EIVF A R BSR4

Flie 7R R R 0

(C).p NTU Tung's Group
sownondp  NTU Tung's Group

g's Group NTU Tung's Group
¢'s Group D 2
g's Group NT
g's Group 8
\g's Group  NTU Tuhg's Group,
1g's Group  NTU Tudg's Group,

1g's Group  NTU Tu ‘iﬂ: Group

NTU Tunp's Group  NTU Tung

NTIT Tinble Ceann . NITT Tana

1g's Group

e

SAN400CB7DMSO3 | * 4 55 5B 4 % > (A) & & ~ (B)# & ~ (C)iF e

(Jl

] 6-

5 - @—

maTER BES4KE B AR B3R GF B R R EHIR
@ Wb MHE R o i]ﬂliléﬁ'] éﬁ@%};‘ ﬁ"ﬁ,i@_];

] 6-6 48 5k S8 = 4T R, B

79

doi:10.6342/NTU202201810



SEESRYC
(1) Hassan, A. M.; Fadl, E. A.; Ebrahim, S. Electrospinning of polystyrene
polybutadiene copolymer for oil spill removal. SN Applied Sciences 2020, 2 (3), 1-8.
(2) Chen, P.-Y.; Tung, S.-H. One-step electrospinning to produce nonsolvent-induced
macroporous fibers with ultrahigh oil adsorption capability. Macromolecules 2017, 50
(6), 2528-2534.

(3) Zhu, H.; Qiu, S.; Jiang, W.; Wu, D.; Zhang, C. Evaluation of electrospun polyvinyl
chloride/polystyrene fibers as sorbent materials for oil spill cleanup. Environmental
Science & Technology 2011, 45 (10), 4527-4531.

(4) Huang, C.; Thomas, N. Fabricating porous poly (lactic acid) fibres via
electrospinning. European Polymer Journal 2018, 99, 464-476.

(5) Liu, W.; Zhu, L.; Huang, C.; Jin, X. Direct electrospinning of ultrafine fibers with
interconnected macropores enabled by in situ mixing microfluidics. ACS Applied
Materials & Interfaces 2016, § (50), 34870-34878.

(6) Kim, H.-J.; Park, S. J.; Park, C. S.; Le, T.-H.; Lee, S. H.; Ha, T. H.; Kim, H.-i.; Kim,
J.; Lee, C.-S.; Yoon, H. Surface-modified polymer nanofiber membrane for high-
efficiency microdust capturing. Chemical Engineering Journal 2018, 339, 204-213.
(7) Luong-Van, E.; Grendahl, L.; Chua, K. N.; Leong, K. W.; Nurcombe, V.; Cool, S.
M. Controlled release of heparin from poly (e-caprolactone) electrospun fibers.
Biomaterials 2006, 27 (9), 2042-2050.

(8) Kim, G. H.; Yoon, H. A direct-electrospinning process by combined electric field
and air-blowing system for nanofibrous wound-dressings. Applied Physics A 2008, 90
(3), 389-394.

(9) Mirjalili, M.; Zohoori, S. Review for application of electrospinning and electrospun

nanofibers technology in textile industry. Journal of Nanostructure in Chemistry 2016,

80

doi:10.6342/NTU202201810



6 (3),207-213.

(10) Chen, Y.-R.; Chung, H.-W.; Tung, S.-H. On the Formation Mechanism of
Nonsolvent-Induced Porous Polylactide Electrospun Fibers. ACS Applied Polymer
Materials 2021, 3 (10), 5096-5104.

(11) Boys, C. V. LVIL On the production, properties, and some suggested uses of the
finest threads. The London, Edinburgh, and Dublin Philosophical Magazine and
Journal of Science 1887, 23 (145), 489-499.

(12) Anton, F. Process and apparatus for preparing artificial threads. US Patent 1975504,
1934.

(13) Taylor, G. I. Disintegration of water drops in an electric field. Proceedings of the
Royal Society of London. Series A. Mathematical and Physical Sciences 1964, 280
(1382), 383-397.

(14) Taylor, G. I. The force exerted by an electric field on a long cylindrical conductor.
Proceedings of the Royal Society of London. Series A. Mathematical and Physical
Sciences 1966, 291 (1425), 145-158.

(15) Huang, Z.-M.; Zhang, Y.-Z.; Kotaki, M.; Ramakrishna, S. A review on polymer
nanofibers by electrospinning and their applications in nanocomposites. Composites
Science and Technology 2003, 63 (15), 2223-2253.

(16) Xue, J.; Wu, T.; Dai, Y.; Xia, Y. Electrospinning and electrospun nanofibers:
Methods, materials, and applications. Chemical Reviews 2019, 119 (8), 5298-5415.
(17) Zhou, Y.; Liu, Y.; Zhang, M.; Feng, Z.; Yu, D.-G.; Wang, K. Electrospun nanofiber
membranes for air filtration: A review. Nanomaterials 2022, 12 (7), 1077.

(18) Bhardwaj, N.; Kundu, S. C. Electrospinning: a fascinating fiber fabrication
technique. Biotechnology Advances 2010, 28 (3), 325-347.

(19) Doshi, J.; Reneker, D. H. Electrospinning process and applications of electrospun

fibers. Journal of Electrostatics 1995, 35 (2-3), 151-160.
81

doi:10.6342/NTU202201810



(20) Chronakis, 1. S. Micro-/nano-fibers by electrospinning technology: processing,
properties and applications. Micromanufacturing Engineering and Technology 2010,
2010, 264-286.

(21) Reneker, D. H.; Yarin, A. L. Electrospinning jets and polymer nanofibers. Polymer
2008, 49 (10), 2387-2425.

(22) Reneker, D. H.; Yarin, A. L.; Fong, H.; Koombhongse, S. Bending instability of
electrically charged liquid jets of polymer solutions in electrospinning. Journal of
Applied Physics 2000, 87 (9), 4531-4547.

(23) Kost'akova, E.; Seps, M.; Pokorny, P.; Lukas, D. Study of polycaprolactone wet
electrospinning process. Express Polymer Letters 2014.

(24) Haefner, S.; Benzaquen, M.; Baumchen, O.; Salez, T.; Peters, R.; McGraw, J. D.;
Jacobs, K.; Raphaél, E.; Dalnoki-Veress, K. Influence of slip on the Plateau—Rayleigh
instability on a fibre. Nature Communications 2015, 6 (1), 1-6.

(25) Eggers, J. Nonlinear dynamics and breakup of free-surface flows. Reviews of
Modern Physics 1997, 69 (3), 865.

(26) Valizadeh, A.; Mussa Farkhani, S. Electrospinning and electrospun nanofibres. /ET
Nanobiotechnology 2014, § (2), 83-92.

(27) Jacobs, V.; Anandjiwala, R. D.; Maaza, M. The influence of electrospinning
parameters on the structural morphology and diameter of electrospun nanofibers.
Journal of Applied Polymer Science 2010, 115 (5), 3130-3136.

(28) Beachley, V.; Wen, X. Effect of electrospinning parameters on the nanofiber
diameter and length. Materials Science and Engineering: C 2009, 29 (3), 663-668.
(29) Matabola, K.; Moutloali, R. The influence of electrospinning parameters on the
morphology and diameter of poly (vinyledene fluoride) nanofibers-effect of sodium
chloride. Journal of Materials Science 2013, 48 (16), 5475-5482.

(30) Luo, C.; Stride, E.; Edirisinghe, M. Mapping the influence of solubility and
82

doi:10.6342/NTU202201810



dielectric constant on electrospinning polycaprolactone solutions. Macromolecules
2012, 45 (11), 4669-4680.

(31) Thompson, C.; Chase, G. G.; Yarin, A.; Reneker, D. Effects of parameters on
nanofiber diameter determined from electrospinning model. Polymer 2007, 48 (23),
6913-6922.

(32) Lu, Z.; Zhang, B.; Gong, H.; Li, J. Fabrication of hierarchical porous poly (L-
lactide)(PLLA) fibrous membrane by electrospinning. Polymer 2021, 226, 123797.
(33) Zong, X.; Kim, K.; Fang, D.; Ran, S.; Hsiao, B. S.; Chu, B. Structure and process
relationship of electrospun bioabsorbable nanofiber membranes. Polymer 2002, 43 (16),
4403-4412.

(34) Yalcinkaya, F.; Yalcinkaya, B.; Jirsak, O. Influence of salts on electrospinning of
aqueous and nonaqueous polymer solutions. Journal of Nanomaterials 2015, 2015.
(35) Motamedi, A. S.; Mirzadeh, H.; Hajiesmaeilbaigi, F.; Bagheri-Khoulenjani, S.;
Shokrgozar, M. Effect of electrospinning parameters on morphological properties of
PVDF nanofibrous scaffolds. Progress in Biomaterials 2017, 6 (3), 113-123.

(36) Jia, Z.; Li, Q.; Liu, J.; Yang, Y.; Wang, L.; Guan, Z. Preparation and properties of
poly (vinyl alcohol) nanofibers by electrospinning. Journal of Polymer Engineering
2008, 28 (1-2), 87-100.

(37) De Vrieze, S.; Van Camp, T.; Nelvig, A.; Hagstrom, B.; Westbroek, P.; De Clerck,
K. The effect of temperature and humidity on electrospinning. Journal of Materials
Science 2009, 44 (5), 1357-1362.

(38) Mailley, D.; Hebraud, A.; Schlatter, G. A review on the impact of humidity during
electrospinning: From the nanofiber structure engineering to the applications.
Macromolecular Materials and Engineering 2021, 306 (7), 2100115.

(39) Huang, L.; Bui, N. N.; Manickam, S. S.; McCutcheon, J. R. Controlling

electrospun nanofiber morphology and mechanical properties using humidity. Journal
83

doi:10.6342/NTU202201810



of Polymer Science Part B: Polymer Physics 2011, 49 (24), 1734-1744.

(40) Tripatanasuwan, S.; Zhong, Z.; Reneker, D. H. Effect of evaporation and
solidification of the charged jet in electrospinning of poly (ethylene oxide) aqueous
solution. Polymer 2007, 48 (19), 5742-5746.

(41) Megelski, S.; Stephens, J. S.; Chase, D. B.; Rabolt, J. F. Micro-and nanostructured
surface morphology on electrospun polymer fibers. Macromolecules 2002, 35 (22),
8456-8466.

(42) Ding, J.; Zhang, A.; Bai, H.; Li, L.; Li, J.; Ma, Z. Breath figure in non-aqueous
vapor. Soft Matter 2013, 9 (2), 506-514.

(43) Li, L.; Jiang, Z.; Li, M.; Li, R.; Fang, T. Hierarchically structured PMMA fibers
fabricated by electrospinning. RSC Advances 2014, 4 (95), 52973-52985.

(44) Casper, C. L.; Stephens, J. S.; Tassi, N. G.; Chase, D. B.; Rabolt, J. F. Controlling
surface morphology of electrospun polystyrene fibers: effect of humidity and molecular
weight in the electrospinning process. Macromolecules 2004, 37 (2), 573-578.

(45) Putti, M.; Simonet, M.; Solberg, R.; Peters, G. W. Electrospinning poly (e-
caprolactone) under controlled environmental conditions: Influence on fiber
morphology and orientation. Polymer 2015, 63, 189-195.

(46) Lu, P.; Xia, Y. Maneuvering the internal porosity and surface morphology of
electrospun polystyrene yarns by controlling the solvent and relative humidity.
Langmuir 2013, 29 (23), 7070-7078.

(47) Fashandi, H.; Karimi, M. Comparative studies on the solvent quality and
atmosphere humidity for electrospinning of nanoporous polyetherimide fibers.
Industrial & Engineering Chemistry Research 2014, 53 (1), 235-245.

(48) Zheng, J.; Zhang, H.; Zhao, Z.; Han, C. C. Construction of hierarchical structures
by electrospinning or electrospraying. Polymer 2012, 53 (2), 546-554.

(49) Fashandi, H.; Karimi, M. Pore formation in polystyrene fiber by superimposing
84

doi:10.6342/NTU202201810



temperature and relative humidity of electrospinning atmosphere. Polymer 2012, 53
(25), 5832-5849.

(50) Qi, Z.; Yu, H.; Chen, Y.; Zhu, M. Highly porous fibers prepared by electrospinning
a ternary system of nonsolvent/solvent/poly (I-lactic acid). Materials Letters 2009, 63
(3-4),415-418.

(51) McCann, J. T.; Marquez, M.; Xia, Y. Highly porous fibers by electrospinning into
a cryogenic liquid. Journal of the American Chemical Society 2006, 128 (5), 1436-1437.
(52) Ye, X.-Y.; Lin, F.-W.; Huang, X.-J.; Liang, H.-Q.; Xu, Z.-K. Polymer fibers with
hierarchically porous structure: combination of high temperature electrospinning and
thermally induced phase separation. RSC Advances 2013, 3 (33), 13851-13858.

(53) Roulia, M.; Chassapis, K.; Fotinopoulos, C.; Savvidis, T.; Katakis, D. Dispersion
and sorption of oil spills by emulsifier-modified expanded perlite. Spill Science &
Technology Bulletin 2003, § (5-6), 425-431.

(54) Buist, L; Potter, S.; Nedwed, T.; Mullin, J. Herding surfactants to contract and
thicken oil spills in pack ice for in situ burning. Cold Regions Science and Technology
2011, 67 (1-2), 3-23.

(55) Lin, Q.; Mendelssohn, I. A.; Carney, K.; Miles, S. M.; Bryner, N. P.; Walton, W. D.
In-situ burning of oil in coastal marshes. 2. Oil spill cleanup efficiency as a function of
oil type, marsh type, and water depth. Environmental Science & Technology 2005, 39
(6), 1855-1860.

(56) Sarbatly, R.; Krishnaiah, D.; Kamin, Z. A review of polymer nanofibres by
electrospinning and their application in oil-water separation for cleaning up marine oil
spills. Marine Pollution Bulletin 2016, 106 (1-2), 8-16.

(57) Boopathy, R.; Shields, S.; Nunna, S. Biodegradation of crude oil from the BP oil
spill in the marsh sediments of southeast Louisiana, USA. Applied Biochemistry and

Biotechnology 2012, 167 (6), 1560-1568.
85

doi:10.6342/NTU202201810



(58) Li, P; Qiao, Y.; Zhao, L.; Yao, D.; Sun, H.; Hou, Y.; Li, S.; Li, Q. Electrospun
PS/PAN fibers with improved mechanical property for removal of oil from water.
Marine Pollution Bulletin 2015, 93 (1-2), 75-80.

(59) Choi, S.-J.; Kwon, T.-H.; Im, H.; Moon, D.-I.; Baek, D. J.; Seol, M.-L.; Duarte, J.
P.; Choi, Y.-K. A polydimethylsiloxane (PDMS) sponge for the selective absorption of
oil from water. ACS applied materials & interfaces 2011, 3 (12), 4552-4556.

(60) Ceylan, D.; Dogu, S.; Karacik, B.; Yakan, S. D.; Okay, O. S.; Okay, O. Evaluation
of butyl rubber as sorbent material for the removal of oil and polycyclic aromatic
hydrocarbons from seawater. Environmental Science & Technology 2009, 43 (10),
3846-3852.

(61) Lin, J.; Shang, Y.; Ding, B.; Yang, J.; Yu, J.; Al-Deyab, S. S. Nanoporous
polystyrene fibers for oil spill cleanup. Marine Pollution Bulletin 2012, 64 (2), 347-
352.

(62) Wu, J.; Wang, N.; Wang, L.; Dong, H.; Zhao, Y.; Jiang, L. Electrospun porous
structure fibrous film with high oil adsorption capacity. ACS Applied Materials &
Interfaces 2012, 4 (6), 3207-3212.

(63) Batchelor, G. K. An Introduction To Fluid Dynamics; 1967.

(64) Lin, J.; Ding, B.; Yang, J.; Yu, J.; Sun, G. Subtle regulation of the micro-and
nanostructures of electrospun polystyrene fibers and their application in oil absorption.
Nanoscale 2012, 4 (1), 176-182.

(65) Akhtar, K.; Khan, S. A.; Khan, S. B.; Asiri, A. M. Scanning electron microscopy:
Principle and applications in nanomaterials characterization. In Handbook of Materials
Characterization, Springer, 2018; pp 113-145.

(66) Washburn, E. W. The dynamics of capillary flow. Physical Review 1921, 17 (3),
273.

(67) Ritter, H.; Drake, L. Pressure porosimeter and determination of complete
86

doi:10.6342/NTU202201810



macropore-size distributions. . Industrial & Engineering Chemistry Analytical Edition
1945, 17 (12), 782-786.

(68) Drake, L. Pore-size distribution in porous materials. Industrial & Engineering
Chemistry 1949, 41 (4), 780-785.

(69) Deschamps, G.; Caruel, H.; Borredon, M.-E.; Bonnin, C.; Vignoles, C. Oil removal
from water by selective sorption on hydrophobic cotton fibers. 1. Study of sorption
properties and comparison with other cotton fiber-based sorbents. Environmental
Science & Technology 2003, 37 (5), 1013-1015.

(70) Zhang, A.; Bai, H.; Li, L. Breath figure: a nature-inspired preparation method for
ordered porous films. Chemical Reviews 2015, 115 (18), 9801-9868.

(71) Wan, L.-S.; Ke, B.-B.; Zhang, J.; Xu, Z.-K. Pore shape of honeycomb-patterned
films: modulation and interfacial behavior. The Journal of Physical Chemistry B 2012,
116 (1), 40-47.

(72) Zhang, J.; Sun, B.; Huang, X.; Chen, S.; Wang, G. Honeycomb-like porous gel
polymer electrolyte membrane for lithium 1on batteries with enhanced safety. Scientific
Reports 2014, 4 (1), 1-7.

(73) Tanaka, M.; Nishikawa, K.; Okubo, H.; Kamachi, H.; Kawai, T.; Matsushita, M.;
Todo, S.; Shimomura, M. Control of hepatocyte adhesion and function on self-
organized honeycomb-patterned polymer film. Colloids and Surfaces A:
Physicochemical and Engineering Aspects 2006, 284, 464-469.

(74) Nishikawa, T.; Nishida, J.; Ookura, R.; Nishimura, S.-1.; Wada, S.; Karino, T.;
Shimomura, M. Honeycomb-patterned thin films of amphiphilic polymers as cell
culture substrates. Materials Science and Engineering: C 1999, 8, 495-500.

(75) Hirai, Y.; Yabu, H.; Matsuo, Y.; [jiro, K.; Shimomura, M. Arrays of triangular
shaped pincushions for SERS substrates prepared by using self-organization and vapor

deposition. Chemical Communications 2010, 46 (13), 2298-2300.
87

doi:10.6342/NTU202201810



(76) Du, C.; Zhang, A.; Bai, H.; Li, L. Robust microsieves with excellent solvent
resistance: cross-linkage of perforated polymer films with honeycomb structure. ACS
Macro Letters 2013, 2 (1), 27-30.

(77) Ma, H.; Cui, J.; Song, A.; Hao, J. Fabrication of freestanding honeycomb films
with through-pore structures via air/water interfacial self-assembly. Chemical

Communications 2011, 47 (4), 1154-1156.

88

doi:10.6342/NTU202201810





