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Z5: A9l 3714 ofsioll wiet FHE o] &3 mAIdAL AlAN ek Bio] mobAAL Stk & ATelrE A

oA 2 gATRgd o R 8ol AFHA S HEA AEZAE o &S| mAIYUAL AAL BHE Azt
LA} SIdek fr718uel &aldS =ol7] S, AEAE o2 HA| 8alskaL, propionate”] S =5 cellulose
propionate(CP)E #4321 th. Dimethyl sulfoxide(DMSO)ol| 831 CP €& FA ¥ =x3t F g oe=s
Anee AxAL, He] 71T P2, AAY GFY L FHEE S CP AT HF 0.15 um H73
7182 7HAL I, HlwE Ee fAA B 1A WS BT 2 um 2719] FFUAE o] 85 o3 HY
A3}, oF 120 LMHbard=0] FAE=S HIIAL, 99% o2l Ak AARES Bk dA5AS &8 oA Az
EADS ABEITRE AAH FH B ohle v RS FEEst B2 AOE dd

Abstract: With increasing demand for improved air quality, the filtration of particulate matters using membranes has
received a great attention. Herein, we report a method to fabricate a porous membrane from a waste pulpwood cellulose
suitable for fine particle filters. To increase solubility in organic solvents, propionate groups were introduced to the cel-
lulose dissolved in ionic liquids. Cellulose propionate (CP) membranes were prepared by phase inversion from the CP
casting solution coated on non-woven fabrics and its porous structure, mechanical properties and permeability were char-
acterized. The CP membranes had an average pore diameter of 0.15 pm and showed good mechanical durability con-
firmed by repeated bending tests. In filtration tests using 2 pum fluorescent particles, CP membranes exhibited a water
permeability of 120 LMH/bar and high rejection rate of more than 99%. The filter preparation using waste cellulose is

economical in terms of reuse resources as well as useful for removing fine particles.

Keywords: cellulose, membrane, particulate matter, air filter.
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ol2]g oS A xdhe WH R = v 8l ARk
H (nonsolvent-induced phase inversion), 7] F%= %
(vapor-induced phase inversion), &= “$HHd ™ (thermally-
induced phase inversion) 5°| Uth. L Follx] AlzH]Eo] A
HataL AlzgAol] st vl Adukde] 2 ol&
Hot. v ARk olgt EAE & f71-8v ] &
SAIA A3t £ o5 I FHE AL Suloh=
Fo|ARE ariEAre} A-gAdo] fls vlguel FAAAIZIH, &
uje} v]-guf 7k s wetel] mt izt g xAdo] Wt
Al E]5L aAke] o] o ool Blgulrt 2FA]
i g 7o JAATIE ol
ojutel] FE ALLHE ABEEE AEE Q2 nylon,
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FHO IR AdelA 7Pt FH-gF AALEAE,
T, W8k 4, 28] e A EAA dE g At AER
Qa8 oEts vhE A9 tE A8l s g0l AL,
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2 Ao e HEAolA e AERQAE l-allyl-3-
methylimidazolium chloride(JAmim]Cl) ]/ Aol 83
AlZ1 ., propionic anhydride®} WH&-A1# propionate”| & =
Ydato] ohFst f718moll =2 5 U= cellulose propionate
(CPYE FAdstieh " 2e]aL v Gl dNbdS o8-
sto] A8 FAE 9ol 71544 B E Azt F4E
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Alof & ME. Ao AHE HA B AER e (Dp
1160)= el2d A2d AFo= FaAolA Alieta,
AZZ Q5 propionylation A17]7] ¢8| propionic anhydride
(Acros organic)E AM&3stith AEZeAE S3lAZ
(JAmim]CI) ©] 24 HA= 1-methylimidazole(Daejung)} 3-
chloro-1-propene(Junsei)ys A4 glo] ARg-ste] A 2=813
o AlzE CPE &3lst7] $138l dimethyl sulfoxide(DMSO,
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Mallinckrodt pharmaceuticaly& AM&-3I3At). Bk CP o 2}ah
o] ARAZ A& F4 E(Hyundai microys A9, o
Fete] ke 245 98I 2 um AES TS Wk
3 polystyrene(PS) bead(Sigma-Aldrich)E A&} T}.

[Amim]CI 0|24 | &M, k3=l 1-methylimidazole
3} 3-chloro-1-propenes Z+2}F 1:1.2 EH| &2 7hz} ¥, &
4> $PslollA 55°CE 8AZF EF wkeinh vk T8 &
A1) [Amim]Clell 238 vW-g-Ed 7F7] 5o BEE
& AAS 93] 80°CAN 71t L2ke A e B
AF A

ME=Z 49| Propionylation ¥FS. -f7]-&rljol tjd+ &3
= =071 918, [Amim]|Cl ©]27d Ao Bz AE2Q
22 o] 4wih%2 cellulose/[Amim]Cl €& A|Z3A T
AzE gho] £ Zekazol A 712 F08PA propionic
anhydride®} anhydroglucose’} 6:1 &H]&°] E=% propionic
anhydrideE 71812, 80 °ColA 300 rppmeZ WHES- A|7|H
Al SAIZE E9F HEES Bith W] i 500 mLe] %
ool AlxE CP &S ey "oy ygws

T 2EFR S At A7 2 CPE 50°C
ZFQ2ollA 71x313

NMR 24. CP¢] vt %5 glst7] flsl 500 MHz
nuclear magnetic resonance(NMR, Varian, Unity-Inova 500y
o]8-3te] 'H NMRZ #4319 th A&+ DMSO-dy(Sigma-
Aldrich)ell 9] 2 wA% CP &8 FH|3} T}

CP ofzfat M=, 7A=¥ CPE 7 wit%’} =5 DMSO
o] CP/DMSO &4 Azxaiet. fefat 2ol AAA o
gte] RAZE 7483 CP/DMSO §4LS =X 3 5 e
EYo|=5 o]&3}e] 300 um FAZ THEATH CP £ 0]
ExE BHEE 2 6A7E St FAAI F, 45009
A 2477 Az TS

oiZtate| 7|8 7= A 37| M. CP o3| ¥ +
zo} 71% A71= FAF A+ dA |7 (field-emission scanning
electron microscopes, FE-SEM, Hitachi, S-4700)3} bubble
point testS E3) FA3}1TE FE-SEM 4] A] ofzluke o]
2 51H (Hitachi, E-1010)E ©]-&3t 40x5<t Wia A9
g & #F31T). Bubble point testi= Stirred cell*(Millipore
Co.ell CP AA¥}uks AZAIZ|AL S mLe] &5 A2 T o
F57E voe Ho R HH8] £& 49| 37IE FYshd
A bubblee] A== A9 S SA 6T 28aL 2
(D= ol&3td 7% 2715 AHEsiainh®
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A7A, e 7159 BRI FOlAL, K
dyne/cm at 20 °C)olH, Ap= 7HlIZ &
Z7tolth,
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5 73 Ag-2 o7t 22 mme]aL #
o] 5mm¢<! dogbonef‘é o] ozt AES W ASAIH7]
(AND, 210)= Xai3ch. A WES A 12 FHe
A5t ‘jr*“ 1003] o]¢ wH= %@(100 mm/min)S A3 3}
- ofFete] FxWskE FE-SEMS Faf SRlsiint.

':'* 01J—} AE. Ccp ZH< —rJJr = 574317] 9180 Stirred
cell®& o] &3t ® 4 A& 25 mm PO E AE CP
ATERS 2447 2o B TE8] WEAIFT ol AL
TR} FE8] s WEE A AL ] A%
o|t}. Stirred cell® Stol] CP ol=bule &5}, 10 mLe] %
TTE A F 0.1 bard] A& HHE e B FH=
£ RIS ¥, 250 uyg/mL F5°] ¥4 PS beads 8 10 mL

= 3 Jdd

£ ofalelnt. Faei 4 ()9t 2ol B9l A, del |
A o35 = F9(LMH, L/m’h bar)2 AXFETH

F(L/n’h bar) = % x 113 ©)
ol71M, v sl gele] Ry, 4= CP ofnete R

WA, A= 53 A7 P AFEE ol
FE-SEMO. o3} 25e] e FHe vlwsisly, 839
XM AAZES BRI 98 HA %3 A5 T u}
2 3 A7)l B AFdS e v, o AY §
‘jﬂﬁ}ﬁ g Al71E 354 7](Promega, Glomax®)Z =74

sjo] #4319k,

Cellulose Propionate &Y. Figure 1(a)2} 7o) AEZQ
2=9} propionic anhydrideS WHSAIZ1 § 'H NMRZE Hhg-
12493199t} Figure 1(b)2] 2.5 ppm F-ZollA S| = A}
&% DMSO-de®] ¥=27F S =1L, propionate®] methyl”]
Q1 8H FAE(1 ppm, -CH;)3 methylene”]Q1 78 F+4AE
(23 ppm, T4, -CHyelM R E= v3E0] Yepstt ol
53] AEZ Q20 $22F7]9f| propionic anhydride’} W3-8}
propionate’ | 2 X ZFHAUS & T AL, AEZ 229 4
W 4242(3.05 ppm, -CH)2} HES- 5 |3k 84 FAE(1 ppm,
-CHy)& A2 Al 1:9.049] EH]EE ’“‘Ei,,_i,] nE =
27 ]7]' propionate”| 2 X|8ke] S-S 21ttt
P S&atel 7= A 713 37| 24. vl&vfFe gt
Zd?.ﬂg 53 #9€ CP E{ute] #+32% FE-SEMS |43}
of glstsint. #2E F8shs CP 3ol 0.5 um ©]3he]
A4S 7= 71FEe] E9 A= AR, CP T2
oF 30 um FAIE 7 WA 2Ee F27F YA EJT
(Figure 2(a) and 2(c)). AAAZ AREE F2x= w9 & o}
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Figure 1. (a) Reaction scheme to prepare cellulose propionate; (b)
representative '"H NMR spectrum of cellulose propionate.

Figure 2. FE-SEM images of the cellulose propionate (CP) mem-
brane. (a) Top; (b) bottom surface of the CP membrane; (c) cross-
sectional image of the membrane (left) and zoomed-in image of the
CP layer indicated by red dotted lines (right).

A48 Aoz o4at 4 2lrhFigure 2(b) and 2(c)).
Eolzte] 713 2718 & o AsHl 4 sk] Sls)
F7H4%1 ¥ #&3} bubble point test:—g Y&kt FE-
SEM< Fall glgh Ax, 71ge] A WAl Bt 0.15+
0.13 um 279 7]5E0] FAE AN, HwF F& 2
7] BXE R tHFigure 3(a) and (b)). =l B]78429
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Figure 3. Pore size measurements of the CP composite membrane.
(a) Top surface SEM image of the membrane; (b) pore size distri-
bution of the CP membrane obtained from SEM measurements
(n>1000 pore); (c) illustration showing the experimental set-up of
bubble point tests; (d) photographs of the CP membrane (2.5 mm
disc) and its water contact angle (inset).

217] Wizl bubble point testZ =+e] #AAd-S IS
Bubble point teste= A H | o3l 713l FA =L U=

HAE 71 Wre g doui7] Ak S S5k 7159
Z27)E Ashk=s Wriolnt. Figure 3(c)9t 22 AFAR|E o]
&2l CP +2H}2] bubble points 7451 ™, 0.23 barell
A HZE bubbleo] A= A& ISt Figure 3(d)
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60°%1 Z& 7Rk of, oz W Aol 713=271= °F 0.6 um
A= & ATA (). é% Ay o® Az CP &
Gt il enE o] A7E TR 7)ol dr Aol H]
2 AdsiA FAEe] AL, 2.5 um ol 7NE 2 2
nAHAE HEE &8 7FsA0] US AR o dE.
HiE =& MBS S8 oiaare| L7 ZAL ARks
nlam8 WER B4 A 550 wal wre] Wae] A&H o
2 Jojupr] wfiol], 71714 Wil e 044“‘-4 e
gRlaloF gt} o] & 918l CP oJzb= AE2 Figure 4(a)9}
2ol dA gk dolvtg w3t He v w3 A¥S 100
3] o] AAlsTt. ol FEiAE AEw &5 A °ﬂ°1 i}
AZS 3ym AL WS
NHE w3 Ade] B §, 7HY ®i¥o] Bol HAL
T “‘Ol WS AlEo] 7t S §213 FE-SEM2E
gelate] 2] -
ASHA oJzpte] oA Ao} HojRlo] ARER] B3t
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A3} (Figure 4(b)). ©15 &3ll, AlZE CP Heo] nkia
& ZH=E ALE 7R v 71A1A Aeet fa48E Ad
S IR F AU
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Figure 4. (a) Displacement profiles obtained from cyclic bending
tests with the CP composite membrane (n>100). Photographs show
the procedure of a bending cycle; (b) a photograph and SEM image
of the CP membrane sample taken after the cyclic bending tests.
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Figure 5. Permeability tests of DI water and PS beads solutions with
CP composite membranes operated in the dead-end filtration mode.
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Figure 6. (a) SEM images showing PS beads blocked on the CP
composite membrane after filtration tests; (b) fluorescence of PS
beads measured in feed and permeate solutions.
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