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o] ﬁodﬂ?iﬁ} A A74E microdI A nanoZ tﬂﬁo}ﬂ fJ3ted AR A& FUletgl o, 1 AR Adf AAe] oF
AT = AT A zH PK-LNCSF PK-HE A48 Exg g 3421317] 913 oil/water oﬂg/}ﬂ_ o =
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Abstract: In this study, a novel material polyketone (PK) was chosen and PK micro/nano fiber membranes were fab-
ricated via electrospinning method under various conditions. After that, the potential application in oil-water separation was
thoroughly investigated. The surface of microfiber membrane formed under high humidity especially became much rougher
than that formed under low humidity. When salt was added to the spinning solution, the diameter of fibers was reduced up
to 90% and the nanofiber membranes could be formed. The oil/water emulsions were prepared and separated under gravity
condition using the manufactured rPK-LNC and PK-H membranes. The separation characteristics was evaluated by measur-
ing total organic carbon (TOC) and turbidity. Meanwhile, the changes in the physical properties of fiber membranes under
various conditions and with or without salt, as well as the changes in oil water separation characteristics were also studied.
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FHETE AolA Ze 7IE/E EFE(immiscible
oil/water mixture), VB HE] 7E/5 &% E(emul-
sified oil/water mixture), AIHEAAZ QHYsld oA
(surfactant-stabilized emulsions) 2.2 37X 2 FEHTH
[3-5]. ©l&gt $hREla== F-Hflotation), -5-F)(coagulation),
&8 A gl (biological treatment), 2} #2](membrane
separation) 522 AFAEE ot o, 1 F &

oS o] &3 AHge i WHEY 3 v‘f‘ﬂl"iz%,
A oA AR, B PuE T Ao IF

s Zeelth. e AHEs 2117%71’“~

d

[ea
o 4

i, 3, AESA A7 ¢ A& (centrifugation),
223 EE(ultrasonic separation), & r(distillation) 5
of = oy ovA 4ARTVF 3 22 RES T
o g oo, &3 7Ige] EF9 AEHrt okiAY &
Ee 715 YA 20~50 umSl el S] Eelol Aotk
[6-9]. §5 E&(oil/water separation)ol] AM&-%= Eg

(membrane)> 715 &5 2 A (water-repellent)

THAERE 7]5 A2l tidk 2H(fouling) 2= <13
—r-‘flr_:_(ﬂux)7} ZasA dri10,11]. 29E& AA
WHe o] &sta o et &
é g AF Aol STtk As A
0}7] —r]?} HO 2 F84(special wettability)©] %o
W el ?i:rLﬂJ- ATH12-15].
Z 2 A E(polyketone)2] TEFA = CH,CH.C=0°]|™
WHARA Ze2EOo R He Ysish 9 7)A A4,
LV 1Hu].1:rx4 JaA, Ba|A o] EXL shad

rﬂlo 2

oly3t EQoE 3 A5 A8 AxE, AR AE,
7]0‘], )\-ﬂ‘ﬁ‘, 3 0= = &1131 0]:0]] %_5] l];].[16_18]
ZYAEY 93 WIS f7) &4 AP =t

(organic solvent-resistant membrane)°|Y < 22| =

(oil-water separation membrane)®ll 2 &3ttt= Ev“:ﬂ}
AFAY} B YrH19]. EZYAE Be v
S5 = “JE-(NIPS; non-solvent induced phase sepa-
ration) W) 02 A ZEF U, NIPSE HIth3(asymmetric)
TZE o]Fo|A Qo] eHFe HFA o] vo} &
F&o] g o] 9JtH20,21]. ¢l EAE sAlst
7] 918 €= ZEB(TIPS; thermally induced phase
separation)t} %1 7]%-AFH(electrospinning)= &3k A
7 A&E I AT 12,22,23].

Z1719A (electrospinning method)2 L4d f(nano-
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aRAe] 28k A7IE kst vbs(tip)# 37
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(collector)Ato] o] HYAE o] &3l A& Axske W
Holt}, QI7FASYY, vbE Alo]lZ(tip size), HFEH 37

Abole]l AZ|(TCD; Tip to Collector Distance), &2
AE & A A Afe A4 == 345 94 =
doH, yxHdfE 74
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k3 Hopo] 288 & ri24-27]. AW ZYAE
o] A $58 Yty o7 ols) guje] MelZoe] F
of Y Af Az tigt A7t Mg el

wheAd, % ?Oﬂ*ﬂ” lﬁﬁ}wé‘?l S8 ZEAE

21. M=

HARER S 7|d IR AE ZEAEPK, Mw =
180,000 g/mol, Hyosung corporation)<= AH&-3}%1, &
]2 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP, Daejung
Chemical & Metals Co., Ltd.)¥} methanol (Daejung
Chemical & Metals Co., Ltd.)& A3 H7HAI=Z
sodium chloride (NaCl, Duksan Pure Chemical Co.,
Ltd), ¥2]2} 24| sodium borohydride (NaBH,, Daejung
Chemical & Metals Co., Ltd.)E A3t &<
]9 M 42 n-Hexane (Duksan Pure Chemical Co., Ltd)
3} acetone (Deajung Chemical & Metals Co., Ltd.)<
ARSI e B 71 RO toluene (Junsei
Chemical Co., Ltd.), soybean oil (Deajung Chemical &
Metals Co., Ltd.)2 AF&5t o, AHSAAZ sodium
dodecyl sulfate (SDS), TWEEN-80, SPAN-80-2 sigma-
aldrich A|F-& AM83IHTE S/ (Deionized water, D.
. water)© 25 AlZ%X(Human Power I+, Human
Science)E ©]-&3sld AxsF oM, BE Al HE
o] A glo] A&t

22 ER|AE 22l M=

mlo] Z2 A 222HPK-L, PK-H)& ZYAE vl
(beads) 0.88 g (8 wit%)< HFIP 10.12 g (92 wt%)°l
SaAH o, YA 8 ZH(PK-LNC, rPK-LNC)
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Table 1. Electrospinning Conditions of PK Membrane (TCD: Tip to Collector Distance)

Samples Voltage Flow rate TCD Time Humidity Tip size
(V) (mL/h) (cm) (hr) (%) (Gauge)
PK-L 6 0.8 15 6 30 26
PK-H 6 0.8 15 6 70 26
PK-LNC 15 0.8 15 6 30 30

ZYAE 0.531 g (5.9 wt%)S HFIP EF-2H[94.1 wt%;
HFIP 7.614 g (89.7 wt%), methanol 0.846 g (10.2
wt%), sodium chloride 0.009 g (0.1 wt%)]°l ¥ 180
rpmO & 1243k o) wrtete] s G &
e &4 5 mL FA]O) ¥aL 7|E2E A A9 80
FHog A9 HA 308 WASIATh AYA Hx
(KDS100, KD Scientific Inc.)& ©]&3}4 0.8 mL/hZ
WA EE 2A3IHoH, tipoll LAY 7](DC high
voltage generator, CPS-60K02VIT, CHUNGPA EMT
Co., Ltd)E 443t A7FASHe 2433tk Table |
of 2t Agd wE HF dAzde YeElidth SAb
T ol Bl E AABE7] 8l 40°C FF 2ollA 24
AZE S Azstdon, AxE vkl 87 Table
28] 2722 x| X(heating press, DHP-2, Dad Heung
Science, South Korea)& ©]&3 A4 2& F3ll 8 layers
Z Az F 54 37k APsAth 123 0.5 wi%
NaBH; 894-& ZFHE 0.3 barol A 3027t PK-LNC
of FHAA Fdd Eel9S rPK-LNColzZt sl
o} g9lo] 5% PK-LNC= D. 1. water, acetone 18] 3L
n-hexane A2 Al 3 AdodlA 12A417F o $hdA
Z SFTH28].

M

23. 22| SMEA

ZYAE 2] 718 542 capillary porometer
(Porolux 1000, IB-FT GmbH)dll 217 2.5 cmo.2 At
B 98 AZE porewick (16.0 dynes/cm) £of 30
23 3 AAT1499.99%)E 0]-835k wet down/dry
own W20 & BAste] W 7]F Z7|(average pore
size) S SAAY. 71FE(porosity) = AEE 40 mm
x 40 mm Z7)E Rt Az e ZA9} digital
thickness gauge (ABS Digimatic Thickness Gauge,
Mitutoyo Corp.)2 FAE ZAst FI& ALtstA
th 71 %, A|RE n-butanolell 1A1ZF FF 3
of FAOE A& frejdel Age] ¢
7

2 Eo] n-butanol S S HEW F 2o Abge

i

o
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Table 2. Treatment Conditions of PK Membranes

Samples Pressure Temperature Duration
(psi) (°0) (s)
PK-L 6,000 25 5
PK-H 6,000 25 5
PK-LNC 10,000 40 5
=435t} 2] (1)E porosityS Al4FISA T
. ( VV;uet - V[/nv',rl/)
Porosity(%) = W <100 (1

Woe = 22 9] A 2 (g)
Wy = AZHE e ¥E FA(e)

o = n-butanol®] ¥ E(g/cm’)
Vay = AZE Fee] ¥Z 57 (cm’)

ZNAHEARE 20 mm x 80 mm I7|E FHIG AS
£ e AdRAIE7](Tensometer 2020, Myungji tech))]
Pz At A7 10 mm WSS TAHAT A, A

= (cut off level) 100%, =4 4% 500 mm/min 71

oA JIFHAE I AXES SANA
24. 5 ol¥M E2|Mds &5F

o oldAd EEdse gl 8l 2 TR
oil-in-water NEAZ 1 FTF water-in-oil g4
Al zsto] AHEStATE HAskE 7 B 24
gH3l7] fste] AHSAEA Y FF D ATt mE
ARPEAEE 2AEATH20,29,30]. FHIG S-S
,000 rpmol| A 12417t B9t wulele oS Az}
I 12N § #Este EARIAAE EjlskH e
AstE f5 o'@A 9 HlE-E& Table 30 YERHIIT
ko] el A48 2442 PK-HS 244
¢l rPK-LNCE ©]-835} dead-end modeZ ZFf3}5Th
(Fig. 1). 11.34 cm?9] F& WAL /A& 2gute &+

t = oo Lo
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Table 3. Preparation of Oil-in-Water & Water-in-Oil Emulsion

Emulsion name Oil D. 1. water Surfactant
Toluene-in-water Toluene / 5 mL 495 mL TWEEN-80 / 0.1 g
Soybean oil-in-water Soybean / 5 mL 495 mL SDS / 0.5 mg
Water-in-toluene Toluene / 228 mL 2 g SPAN-80 / 0.6 g
Moz A F A B Adld At HEE Cravity
glo]Z 5 o] &3dto] FE3th 7L %, D. L water == o
FHF WS A% felBo] Fof G99 o7} 10 ot
em(%F 0.01 ban)7} $AHES Stk 2E B 4 $o,0°
©

N
-
2

& F2oA st on <lgA<l < A g
A FEJ(FHolA F 1087 E2E s
2 A3 Fo] oHMe] oY FqFe F fAU|EA

E47|(TOC; total organic carbon analyzer, TOC-L,

Shimadzu)& °|-&3l AR, F ©A(TC; total

carbon)oll A F-7|Ek2(IC; inorganic carbon)E || 3

F Eas FIY =8 AA EAES BIFIP)

28l E=A|(HI83414, HANNA instrument)S ©]-&3}]

e d & Ao BE(urbidity)E S3HATH

to 1l

]
A=}
LU
3

3.2 1

31, 7= 2 EHM 24

Z]
75}
BAst9on 1 AE Fig 20 YepgQlh v
(30% ©ol3holA A %3 PK-L [Fig. 2(a)]% &
FE(70% o))l A A=x3F PK-H [Fig. 2(b)]&
FHo| AZA FAE Aol #FHUT ol

=
|
KR
-
o)
T
<]

T

FE tips Bl AT FFeE FIVE AEE
BolA driFor gl o]l £ F-E(solvent
rich regions)©] & YAFe} HEsI w|gu] 714 Hol
(non-solvent vapor-induced phase separation)’} Yol
o wet A A ®Ho] IAE Ao e

Fig. 2(c)¢} (d)= PK-LNC%} - Z3)gh rPK-LNC
< Yerisle 9 A7F $ PK-HOF PK-L3} &3

ool o o o)y o i
fl

S,
WAL A B E(bead)7t BAEH L Ao SR T
Zasshe Zlo] FIEAoY A7EHSH} tip sizeE &
dste] Ao PARAS FY3IATHTable 1). d&
A7V & Ao 2ol oF 2990 nm (PK-L)ol|A] oF

271 nm (PK-LNO)Z 90.0% A= Zo] FRI=g o,

ey — Feed solution

micro & nano fiber membranes; (a) PK-L, (b) PK-H, (c)
PK-LNC, (d) rPK-LNC.

o) A7}EE Hto] PK-LEL F718 Aoz
AHog wwdgdo] wmEA 7MA At FAAIL]
2 740] kag Ao R AdHTh

glst] 98l 71 2719 Ve EE S
g3kl Fig. 39 UYERHRISE Fig. 2 (a)$t (b)ellA]
PK-H®} PK-L& AR A A4S 7HAY PK-H7}
PK-LET} 7133717} 50% A4St oH 7]3% =35
PK-H (61.1%)7} PK-L (82.2%)}.t} 25% 7+4agh A2

Membr. J. Vol. 31, No. 6, 2021



430 Jian Hou - Jaehan Yun - Chanju Park - Jinwon Choi -

[ TPore size

—a— Porosity
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Porosity (%)
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o | 1| 1,
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Sample name

Fig. 3. Pore size and porosity of PK micro/nanofiber
membranes.

2 A o= PK-HE AZ Af EW[Fig. 2(b)]
o] mpx] 7|4AYE ME wEA Hol 7]F F7]9} 7]
IEE AN AR ARET U AR S 7HA
£ PK-LNCE 3947 PK-LNCE E8AZE 31
O} FA(PK-LNC: 58 um, rPK-LNC: 57 um)$} 7]%
S (PK-LNC: 82.6%, rPK-LNC: 81.7%)2] & W3}+= g
o1} 7]F A7)(PK-LNC: 0.192 um, rPK-LNC: 0.213
um)7b A Z7eE o] ERIFATE o= Fig. 2(c),
(oA SR 5 Axo] Ao ) Ao 27
o] &% FUlslea, Y = EElg] vA|E swelling
o] A5t layer?t layer Atololl F7to] EAYste] 7]
T A7t SN HoE ddHET oy i d
4 AREE 9 AR A9@E0xdAA 38) ‘ﬁ:"ﬂl‘%@l
swellingo] W21, layerd] E2|E U5 FHsH
55 MMQUr 7l+ﬂ719‘r4 HAE d X}Aﬂ"o‘l AT
wojof & FFo|t}

32. 7|AH EM &N
ZYAE T 7AA E4S gl Hsl <
AT} AAES SHsF o AAE Fig. 49 UE
Witk PK-LNC+ PK-L# PK-HEU A=+ ¢
Fag oy dilgo] Zadhe AL I 5 AN
PK-L¥} PK-H9| A+ #7o] PK-LNCET FH7] wj&
o dale] Z dojupAwh, JAAAEL] Z¢ Ay e
AR BTt yob A ?‘5& Hnoz woET 3
2183k PK-LNC9] 7% Fig. 2(c), (d)°ollA 459 3
g skeE dAEHA ¥49 -—‘4' PK-LNCET} 3144 &
Aalgol oF 20% #rAdte Aol FRIFHAL o=

l:l

(‘

:(o rr X AQ oft o

7] W3kl % °l Sdste JeroﬂH u} Ay 3}
swelling &4o] F R E4& 71shA =, 4
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Fig. 4. Tensile strength of PK micro/nanofiber membranes.

Are] 9 layer®} layer AtolollA At st 71= ®
371 ASE Aolet ddEth PK-HY =S| 4
S Hl=g A #7158 7FAe PK-LET 400% -3
Z=E el )= Fig. 2(b)olA PK-H7} AR/
mo| e d4o =z 93 PK-LET Atz oz
ko] Aol ZstA A437] WEoE AdEoh
33. EZZ|AHE 2zle Rl MF
iy Ao nfola7 A4S 7HAE PK-HY &
Wy A4S 74 (PK-LNCO Edute] ¥H EA
S 1] APFEAT31]. FLAYES B = A
A< H& PK-LNCY| 5 oEA #8 58& go}
’3}01] oluene in-water, soybean oil-in-water %

5041 l"&:ﬂ %l %‘”“(feed solunon) o BEY o}gi o 1/]—
gl & f&9(filtrated solution)> FH3HA W3 A&
AW PGA R FAEo " 7S we] AA"

Fig. 62 A% 42 S 2 A3 § &4
TOC$ turbidityS 543 235 HedH TOCY
74-% toluene-in-water= 90.6%, soybean oil-in-water=
81.1%%] AAE] IRASNAL, turbidity®] 7-F toluene-
in-water 96.9%, soybean oil-in-water 99.9%% TOC 4
el FARRE AFHE UElie S & F AT
TOCE &9 Yo 3=l Je T A78LE &
Mot TROE oilittt ofye} sk AHEAA
T EAFEA turbidity= olBAS FHAAE oil YA
9] Frofl o3 AAHHOE TOCHT A|AEC] =4 &



Preparation of Polyketone Micro/nanofiber Membrane based on Electrospinning Condition and Its Application in Oil-Water Separation 431

Fig. 5. Photographs of oil-in-water emulsions before and
after filtration using rPK-LNC; (a) toluene-in-water, (b)
soybean oil-in-water.

PK-H #22h2 &4Ae]E s Fot &44de
UEM =2 water-in-toluene #2]5 3Pty on g
HEA RS turbiditys ©]-83F AAEE Fig. 701 YE
YATE Fig. 7(a)olA4] water-in-toluene= toluene-in-water
[Fig. 5(a)]¢} LA A o= odMs} Ho| U=
As & 7 Ao I F Ze d &do] FraA
HE AL ST 4 AT =3 turbidity S ©]-8-5
AAES SHT A 96%2] AAES HAFOZH n
£ o] &3 oY W =9 EE=E Jhssithe
o

B AFoAE A7EA 246 wet ZEAE vt
olAEA T Tl YAl EeuE Axsti o,
54 B7HE B9 v olEA AHEE BeYeRY &
& 7FsAS AT

ALEE A A Az vlo]| ARZAFPK-L)E
@- /}j% J-Eﬂo] ﬁx%ﬂ H]-l:r:] "r—- 31_1-75101]/\1 xﬂ}_‘ﬂ_
o] A2 HPK-H)= A A Edo] JAHFAh
PK-HE| 7% Af ®Ho 2 Q18 PK-LI} th& 7]A14
S4< 29T 5 A0 el 2 2H(PK-LNC) <]
SEM Z#olA Aol #7117} wlola®E Aol nHls|
% 1029 1 2712 74383tk PK-LNCY| 71327

+ PK-Lo|Y} PK-H EE} zZkoxont, 718 5% PK-L¥
Tr*M%lofﬁ 2 o= 71T =L 80% ool A
H%E}

T oldA AHelg 2o re] &8 JtsAE &
?_10}7] T o8-S AF3tL dead-end modeE FH
stell A 8 AdS APt s T3l e
tPK-LNC= oil-in-water £]ol|A] TOC AA&o] HA
81%lA H 90.6% AA=HE Ae st on

120

Il T0C
I Turbidity

100 +

ES =3 @
S =1 S
1 1 1

Removal ratio (%)

N
o
1

Toluene-in-water Soybean oil-in-water

Sample name

Fig. 6. Removal ratio of TOC and turbidity corresponding
oil-in-water emulsions.

(b) 120

Removal ratio (%)

Water-in-toluene
Sample name

Fig. 7. Photograph of water-in-toluene emulsion before
and after filtration using PK-H; (a) photograph, (b) removal
ratio.

turbidity =3 90% o] A4St 244 PK-HE
water-in-oil E2|NAE turbidity”} 95% °1d ZA&d
A3E Atk

AEH o v F& JEeHoE H3E Q)
d 71E ZYAE B AxHS AP E
FAeHIL frr oA EEHoEN &8 JMede
It oleld ATE T ZEAE AE VI8
o2 3 2 A9 VIRAEE 8T F de A
olg} 7|tjH ot

-

a4 Al

o] A7 20209 % e AT B AN EH )
FHY(KEIT) A7 Aol 9]¢ A9(20012133 /
1415173356). =3k 7 WBH o A A Lol ZAL=
Hyth
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