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Abstract Biopolymer-based materials recently have garnered considerable interest as they can decrease dependency on

fossil fuel. Biopolymers are naturally obtainable macromolecules including polysaccharides, polyphenols, polyesters,
polyamides, and proteins, that play an important role in biomedical applications such as tissue engineering,
regenerative medicine, drug-delivery systems, and biosensors, because of their inherent biocompatibility and
biodegradability. However, the insolubility of unmodified biopolymers in most organic solvents has limited the
applications of biopolymer-based materials and composites. lonic liquids (ILs) are good solvents for polar
organic, nonpolar organic, inorganic and polymeric compounds. Biopolymers such as cellulose, chitin/chitiosan,
silk, and DNA can be fabricated from ILs into films, membranes, fibers, spheres, and molded shapes. Various
biopolymer/biopolymer and biopolymer/synthetic polymer composites also can be prepared by co-dissolution of
polymers into IL mixtures. Heparin/biopolymer composites are especially of interest in preparing materials with
enhanced blood compatibility.
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*Corresponding author
Tel: +82-2-2049-6269, Fax: +82-2-3437-8360
e-mail: sanghlee@konkuk.ac.kr

YA A (biocompatibility), 33314 (biodegradability),
%74 (antibacterial activity) 5] 5782 A2J8} (biomedical)
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7 9o A Fele] AET o2 7E, A2 59| wjolo
Felofe YH SujolE A2 57 2] ] ol ¥
FaINZ 5 Qe §UHE AR o] vl @:Fel] )
o 248 S-&3HE dlol QoIA TR Faste 3]

HMEZQA

AZZ Q= X0 f(1—4) ST FA=ZAT (glycosidic
bond) 0.2 AZE A ARAE AN 71 FH-8H
EAe= vlolZEroltk 53], HYHA| & AEEQ
2 2 94 AT 293 AE, AT AR
s o= AJoJst Fofol| A o] g8l ul-g- o] =2 A
o|th [4]. dIE B0, AxH AEZ X W= Fito] 7ts
shar, AA|A o] greta, v dolwA, ghgo] Hofut
A 2= =gl £ 4= AT [5]. 8231 (hollow fiber)
Fefo] AEZ Q= FAAHFA (blood compatibility)©]
el JFEHoE AME A, JHE RUE S
AR o|Ao] 7hsatairt [6]. AEE Q2 Tule] Bhe
glucose oxidase9} £ EA4E 1Yslsle] dAY ¥ =
TS S8 918 o] QAXE o] 8EQITH [7]. HAER
L2220l YRl Ex DS 913 tissue engineering
scaffold 2 ©]-&-= AT} SFAIRE, $}8H2 02 MF]A] e
AZ2 o 7uke] thf3t B34 (composites)S 7)1t
Sh= dloll lojA BEZ 29 &3l ulg- ofele: EA0]
o AER e EgE 7oA & AHEE sty
LRkl 8o} Eoll= 4] 2=t} N-Methylmorpholine-
N-oxide (NMMO), CdO/ethylenediamine, LiCl/N,N-
dimethylacetamide (DMAc)9} 22 513t Sujjo] AEZ
225 =Y F 7= AR, I Ho|HA FAdo] B
o gujje] sjto] AER Q2 F|uke] AR hite] gloiA
uf]-%- =2 3}t} [8-10]. Cellulose acetate, cellulose propionate,
cellulose butyrate 5] sP3tH o2 MYH AEZ e~ I
= I8, F49} (dialysis membrane), B3| (support), 2~H
A, A 5] FEHIE Ao g FofellA] ofn] ThsA o] &
=3 Aok [11]. SHAIRE ojelg AEZ e ~0] 51817 HES
AZFZ 10 =2 AT st 4R fom, w3t
18k Wyo] vl ol FAFES AU ok 18EZ,
AEZ Q2 7o) A& THeY] flEliMe AE2 229}
geist 54 £48 2 85N 5 I 318 BulE A

she Aol M3 8% Aol

F[El

7181 50% ©)’d2] N-acetyl-glucosamine ¥} N-glucosamine
o] &4 A (copolymer)Z AHAANA AEZ Q2 TR
o7 FH3M EAlskE thdRelth 719l A g A
3ol EAJo R Aoft HopollA] FFHOE o] gr| o]
gt 71373 718 matrices= A4 (tissue regeneration)
S QA o] & A [12]. 71€1e] ©EAQ] N-acetyl-
glucosamine-> A+ X5 23 &S 5}, 7|glo g
TAE Vinachitino|gh= A8 31, Adeve 7] &

o] X g AuFgHoz HEHUT} [1,13]. 3HAH 71E19]
ookt 382 URbAQl f7]8ulolA o] 71”e] B840
2 Qlsle] Aghta otk 7182 733} intermolecular and
intramolecular interaction®] &/&]A 5% LiClE E3§rsl=
DMAcU} hexafluoro-2-propanol (HFIP)9} 22 =/J3 F-2]
o] =2 Gufjollt 8 = lojA] 7"l 7IRke] E9tA)
9] 7 kS Y= 71ElS 8302 Y F e 318

She] 7iEo] Hasitt [2,14].

/el

& 3}21L2- 2-O-sulfo-a-iduronic acid$} 2-deoxy-2-sulfamino-
6-O-sulfo-a-D-glucose S 7|22 0 2 HHE-E|= o|dF-Z 714]
= wolE He AY vlo|eZEH=E, i FAPL 7k
FESIAR ] ARED ot o s S FE
H, T EHS Fage] o] o, AT &4
S £, plasma recalcification A|7FS- SPFAIAA], EY
HPS PP e [15-17]. 22BE, suldes 51
HE 3WS 7R e Aol do] Zhss RS ZEAAl
Ho g F497]0]] ARE-3}7] 93 nanoporous membrane,
215 8¥, Tz morphology & AU Hek4A) Fo] Bol
=] At [18-21]. &9} &8+ &, DMF, DMSO 59] =
d BTt & 4= Q7] whiEel slEels E3lehe 59t
2AE TS e A2 -guje] Zide] Basith

ol

ofr
o

A=z

AT poll, Anl, A7, F=7] Sl osiA A Fel=
Artkel= Tl Aottt Bombyx mori 7oll7F ALkshe A=
= AAARA, A, =2 AR, He d9F i, =2
2kl Eo] BT 5o B0 = Qlate] A7 1t A
A5 AT SR Bol o]&H o] kvt [22,23]. HE
ol A3E 7Rke R sk= &, 297, WE, 4f 59
AANES 7)E5}e] tissue engineering scaffold 2} 22 28}
opollx] 88371 Ak A7t Wol o]FolA|aL T} [24].
Bombyx mori Foll2] A3 df 3 75 391 kDa9l
heavy chain¥} 26 kDa9] light chain® 2 -*3% fibroin core
7} Mgl (sericin)ol] 2JsiA] ZEIES] = FZRAH], heavy
chain F2o] A0 E el H2 AHEE VER ]
ARl Srfoll= SeiH A e 5 Ado [22,23].
FAEAR A=) &3l WHE NayCOs & ©]&3H Algj4le]
AA, L= Lit @ 8ol 83, £4, 5240=,
HFIPo) A-&3iA171= oi-5- E8iar ofete 78S AR,
53] HFIP= #2443 % 50| & #AE AYaL Uth
aYBEg, 4aF5 7ReE she s e flEike
ARSI HolAME B8H0 2 HIE &AM F Ue
|iE el Aol g Fasith

o|2M x| (lonic liquid)

o4 AR Joleat Solee) oleAFOR ofFolR]
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Table 1. Solubility of cellulose in ILs

lonic liquids® Type of cellulose Solubility
[Emim][CI] Avicel (DP 286) 12% (10°C above mp.)"'
Spruce sulfite pulp (DP 593) 6% (10°C above mp.)"'
Cotton linters (DP 1198) 4% (10°C above mp.)"'
[Bmim][CI] Avicel (DP 286) 18% (80°C)™
Spruce sulfite pulp (DP 593) 13% (80°C)*
Cotton linters 10% (80°C),** 10% (ultrasound)®
Microcrystalline cellulose 8% (ultrasound)®®
Kraft pulp (0.35 mm) 9% (ultrasound)®®
Eucalyptus pulp (DP 569) >14% (vertical kneader)*
Pulp (DP 1000) 10% (100°C)," 25% (microwave)™
[Hmim][CI] Pulp (DP 1000) 5% (100°C)"
[Omim][CI] Pulp (DP 1000) slightly soluble (100°C)"
[Bdmim][CI] Avicel (DP 286) 9% (10°C above mp.)"'
Spruce sulfite pulp (DP 593) 6% (10°C above mp.)"!
Cotton linters (DP 1198) 4% (10°C above mp.)"!
[Bmpyl[ClI] Avicel (DP 286) 39% (105°C)*
Spruce sulfite pulp (DP 593) 37% (105°C)*
Cotton linters (DP 1198) 12% (105°C)*
[BDTAJ[CI] Avicel (DP 286) 5% (60°C)*
Spruce sulfite pulp (DP 593) 2% (60°C)*
Cotton linters (DP 1198) 1% (60°C)*
[Amim][CI] Microcrystalline cellulose 2-11% (80-100°C),*” 27% (ultrasound)®®
Cotton linters 13% (ultrasound)*®
Kraft pulp (0.35 mm) 8% (ultrasound)®®
[Bmim][Br] Pulp (DP 1000) 5-7% (microwave)'®
[Admim][Br] Avicel (DP 286) 12% (10°C above mp.)"'
[Bmim][SCN] Pulp (DP 1000) 5-7% (microwave)“J
[Emim][Ac] Eucalyptus pulp (DP 569) >14% (vertical kneader)40
[Bmim][Ac] Eucalyptus pulp (DP 569) >13% (vertical kneader)*
[Amim][HCOO] Microcrystalline cellulose 11-21% (60-85"C)37
[Emim][(MeO)HPO;] Microcrystalline cellulose 4-10% (30-45°C, 30 min)38
[Emim][(MeO)MePO,] Microcrystalline cellulose 4-10% (40-55°C, 30 min)*®
[Emim][(MeO),PO,] Microcrystalline cellulose 4-10% (55-65°C, 30 min)*®

#Admim = 1-allyl-2,3-dimethylimidazolium, Amim = 1-allyl-3-methylimidazolium, Bdmim = 1-butly-2,3-dimethylimidazolium, BDTA
= benzyldimethyl(tetradecyl)Jammonium, Hmim = 1-hexyl-3-methylimidazolium, Omim = 1-octyl-3-methylimidazolium.

Ao P& He EAE gy 100T olstolx] HA
FEE EAlehE SIPES 2kt o] dAle dAHA
ol 8= e 7187 AUA| ke vkt A4S UEr
Wozn sekg-S 913k A vhs- v dE Z1gS vk
ATk B2 s A A HERAE o] 8H T e 718
= A F3lE ASo] titelll, F2 25 =
Fdto] & =o] 3 FAIE sk, 4 712 WA
71719 A-st §-718vlE Aelstr7F g4 gk EA41-
2 7P ek W, o} A= 200C olre] 8ol
M AA AR SAEkaL S99 AY 00l 7] i
o] “Green Solvent’2}al E&|H, e74%1542] vz 3-8
Lok sk fg A HY, Y, vl=r 59 Axls
& FTA0E o]FoR|aL Ut} [25]. 53], ol A= TV
=, 715, 184 4S8 X 5 oA okt =2
o] &= ARSE F e S 5AS AU lar, ol
23} golo] 23S thfsHl o EH A, Sl
Ax, 9% 59 S9818H3 A4S gA WA E = 3l

A] “Designer Solvent” 2% E2]-9-H, 3 vj@ 2] &
< g kg AAEE Ay ok [26]. 2 ol A

A7) Tl vl @ Eelr 2 83102 & ek Aol B3
e, o]e AAE o]g3le] nlol o:Ee)n] 7 ko] ofe]
714 BFLAE et} s o] Fusl| o) o]
A3 it} [27-29].

(=)

28 HHE o2t Hio|LE2IH2| Z5H

= w9 B35 7124 313HE (chiral compound) 2
LREARI 77 18hell 72) = A] %71 whieel sheha o=
o] wig- o). &4 & 79 gRrte] &,
pyridine, formamide, dimethylformamide, dimethylsulfoxide
59 4 8ufoll BalEo] st ow MIY F glon
2 UgdRs a9 R GarE F e 8 Al=Hlo] E
231t} [21,28,30,31].

AEZ S B3N 4 e BlEE N-alkylpyridinium
@o] 1934 del] BuE =t o] 92 F=5o] 118C=
Folx AR o]g3hloll= EAIZE AN [18,32],
2 Rogers 15-°] 1-alkyl-3-methylimidazolium %Fo]-2-37}
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halides &0l 7= ol AAE o] &3l AEZQ
g moHe §aIA & ke A Hus, 3
Z%h} ZA} (microwave irradiation) WH-S ©]-831e] 25%
7¥eFe] AZE Q2 [Bmim][Cl]ol §3)1711, &, ollgke,
oAl E T4 anti-solventE ©]83t] WEZ AT T
A4S Aol FFsaithe 7S welFr [10). olele
A= AEE Q0] U 318H wigolu WA e
AEZ 02 7|8k Bt /i) 7Fs S Atk AE
2o 8379 NMR Z3= [Bmim][Cl]Y] Cl 50|
hydrogen bond acceptorZ Z-8-5}o] AEZ @ 29] hydroxyl
83} interactionS 7HA= A E GeIF T} [32-34]. Ren
152 [Bmim][Cl] Bt} £4do] vt sl8hA oz kgt
[Amim][C]]7} AEZ Q0] &30 T felsdithe AL
RI3F 3 [35], Heinze 152 [Bmpy][Cl]S ©|-&3}
Avicel S 39%7H] &A1 Z 5 AT [32,34]. Mikkola &
& 2395 o] &3P G Hol] AEE s 3] 83
A2 g uke 2FE RSkt [36]. H2olls, acetate,
formate, methylphosphate, dicyanamide 52| 2°]22 714
+ imidazoliumZ] ©]4 WA/} AEZ QA5 # 83|12
T AJths Aol HaEUTt [37-41]. 53], [Emim][Ac]E
=7 ez vullg- vhar, SA4o] 79 gler, 25% o]
o] AERE A F oA AEZ Q2 V4E
EFAAE JiEalr] fsiA ko E wWol o-8F Zo|th
Table 19l ThgE o] 24 HAA AEZ 0] 3%
£ eI

3, HZoE [Bmim][Cl], [Amim][C]] 52 °]&A4]
WA E o] 83H gt AEZ Q2 W oz} Fu|AER
228} glads Shslal e SEA vlo|uj2 HAIE
831412 % QUche Zlo] MU (42.43], 22 vlo]
Qulst H2 wlolooliAlE 9] 99 Fa8 Afes
A= ], olE E&2 07 WIEste nlo] YRS
2] el 2aE AASE 340 Basth Table 2
A= theFet o] 2d HAA kraft 2]l 1dF vlo] Qmj2=9
B E VERl=T), st ol AAIE o] 8shd B
s v 2 TR 5Y 7 due A4S & T Utk ©
213 oledl A olgar voleul iz B1e
A AstaL, vlolemj~o] AFEE THAAAXN E& F&9
TS BE - Jue Aol BuERlar, FHells oA AA
o83} nlo]QuiAE AAEeaL gjutelue] ske 34
o] B2 S whor sl w Qlt} [42]. Fig. 10 o] 43
HAE o] &3 nloleguoly 89 g 7HA] dAE &
Atk o] FAHL AAFH | Tk BadE A=A
Hlo] QUi A2 RE dojxl glade] o] & 7S =Y
Utk 54o] Uk

o]l HAE o83t 7|19 83le B Axprt vi
F 2™, [Bmim][Cl]oIA 7192 10% 7HF =55 5 UA
g BalE o]k o= Hx APTE FAIFHAL By
ATk [44]. o4 BAL 716ES Sole H 719 ¥4t
&} acetylation =0l =LA o|&EF < [Bmim][Ac]7}

e o

7IeS a9 o =R 83X 4 Qlthe Aol Hars =T,
acetate 20|29 2]3} hydrogen bond acceptor 2% 2] 52
o] Cl ol2it) F7] WEo 2 A=l [14]. 7191S
deacetylationgr FEfQ] 71 EARS A S E [Amim][Cl],
[Bmim][Cl], [Bmim][Ac] 5] o2/ Ao & &af=]=
ZOoF HIEAT} [45-47].

Table 2. Solubilities and extraction efficiency of lignin in various ILs

Lignin solubility wood flour  Extracted lignin

ILs

(g/kg)? solubility (%) content (g/kg)b
[Mmim][MeSO4] > 500 ND° 0.8
[Bmim][CF3SO3] > 500 ND 0.5
[Emim][CHsCOO0] > 300 <05 44
[Amim][CI] > 300 > 3.0 52
[Bmim][CI] > 100 > 3.0 3.2
[Bzmim][CI] > 100 > 1.0 1.9
[Bmim][BF4] 40 ND ND
[Bmim][PF¢] 1 ND ND

& Solubility of Indulin AT (kraft lignin) at 90°C after 24 h incubation.
® 5% wood flour was incubated in ILs for 24 h at 80°C under No.
° No data or not determined (lower than 0.1).

unmodified natural lignin

liquids fuel
-—' functionalized lignin

selective extraction cracking

hemicellulose

IL

| xylanase — biofuel

pretreatment

cellulose

functionalization

lignocellulose composites

reduced crystallinity

J cellulase

elucose

biofuel
Fig. 1. Biorefinery of biomass using ILs.

d9}3l = glycosaminoglycans (GAGs)-2 vl-$- SHg &
Bufoll Mgt g3l =]7] wiZe] oS &XE F Ue 54
gk -gufo]l tigh A7t Bol o] FoiX=H [28,31], Linhardt
52 3llutaz ekt glycosaminoglycans (GAGs)< ©]
274 Ao a7 = ATE F-B3F T [48]. Benzoate
= L0]290 2 7}AE [Emim]|[Ba]7} GAGsS &2 o=
)x1Z = U3, E3) imidazolium salt FERS] GAGsE=
10 wt% 714 83l=l= 23= BRItk [Emim][Ba]l<
23 do] gt slakd 7Rke] AR o] Foixl whE
MESAY, A7HANE Fate] vlo|Zem 7uke] 5§
AE ARl o] 8-E AT [49,50].

tjokel A= A (Bombyx mori silk, spider silk, silk-
elastin -3 T, Sep4l, depdl, Algd 5ol o4
Aol -B3lEthe o] Ru=gl=d, gt -83l=dl thgh
A5 E 2ol YHAA] T} [22,23,27,51]. FF 14 4
=7} [Emim][Cl], [Bdmim][Cl], [Bmim][C]] 5ol & &3¢

o
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G

& Zlo] nudglm, =7t §alH ol A4 gole
& olgalod S|AEL, HRE, oPMEUED, oHE 5
271851 olgsl] AT 5 SItks Ao] ATH

1o o

o} [22]. Table 3¢il= Thdst o] 243 Aol A Hlo]Z]H
o gA=S LiEhhich
Table 3. Solubility of biopolymers in ILs
Biopolymer lonic liquids Solubility
Heparin [Emim][Ba]  7.0% (35C)*

(35%C)
[Bmim][Ba]  7.0% (35C)*
[Emim][Ba]  3.0% (35C)*
[Bmim][Ba] 2.8% (35C)*
E )

]

(imidazolium salt) ]

]

]
[Emim][Ba]  9.9% (35¢C)*

]

]

]

]

Heparan sulfate
(imidazolium salt)
Chondroitin sulfate

(imidazolium salt)  [Bmim][Ba] 5.7% (35C)*
Hyaluronic acid [Emim][Ba]  10.0% (35°C)*
(imidazolium salt) ~ [Bmim][Ba] 10.0% (357C)*
Chitin [Bmim][Ac] 6% (a-chitin, 1107C),"
6-7% (low MW B-chitin, 110°C),"
3% (high MW B-chitin, 110°C)"
[Bmim][C]  partially soluble (110°C),"
> 10% (110C)"
Chitosan [Bmim]jAc]  12% (110C)™
[Bmim][Cl]  10% (110°C, DAC=5%),"
< 10% (110°C, DAC=12%)*
[AmimJ[Cl] 8% (110C)"
Cocoon silk [Emim][C]  23.3% (1007C)*
[Bmim][Cl]  13.2% (1007C)*
[Bdmim][Cl] 8.3% (100°C)?
[Bmim][Bf]  0.7% (100°C)%

0|2y HxIZ olE3t0{ JHHE Hio|2EZ|H
714re] Ay

=l

mE, [gAx, o

F 2 |
A2 QA2 o] A] dAd] L3}l anti-solventS ©]-&
st AT 5 e 54 AEZ 02 VNke] tekst
EAAE N F e G E BTtk AEES
27} galEo] e ol AAlol Hristaat sk o
A Zo] ST IAY F] Ty AEEQAE A
T8 HE, bead, A, WedAt 59 ohds FE <
EFaANE ML 5 Atk AEF 92 9o thdgl ulo]e
ZEn 7|9re] Bk EgE AR W2 spad &
Utk oFA TRl vlo|eZelw 7Hke] BE, FE], AYA)|
g E2]9t 52 tissue engineering scaffold, 21745219}
Hlo] @A, SFE-2EA), A oA gH]ef 2 AJoJst o}
o gA &% 4 Aok

Hfo[PE2Inf F[Etof Axf

Rogers 7157} F5ATAES o4 AL o] &3l
AEZ Q2 7Nl S NdetaAl B2 AT 35t
At} Tumner 5~ [Bmim][Cl]S ©]-83}] laccaseE AEZ

Q2 ghof| 3] (entrapment)dl] 38T} [52]. SFAIRH
[Bmim][C1]9] FE7o] 50T o)ido]7] mj&Eo] laccaseS
[Bmim][THEN]O.Z2 WA ISt AEZ Q7 =ol9l=
[Bmim][Cl]¢] %8 CI' SE2RE Haslelo} glon], 2=
Aoz w2 a4 T4 (low recovery yield)S YERA
t}. Turner 5 H3F AEE Q 2v/ET|ol] EF} beadS
TS0 o} T1E9l linkerZ glutaraldehydeS ©]-8-35}]
lipase®] 1A3}E 4331t} [53]. Poplin 5~ [Bmim][CI]
o AEZQ 9} 1-(2-pyridylazo)-2-naphthol S o] &3
AAN B2 ATA shod Hg' ol thek AN SRAES A
SIS} [54]. Bagheri 52 &2 2229} polyamidoamine
dendrimerZ [Bmim][Cl]ol]l o] SjAAXN = A7A4
3lod laccase LA SLE 943 HAZ o] &FATH [55].
Tsioptsias©} Panayiotou= &% 2 2~/nanohydroxyapatite
compositeS THE-0]A] tissue engineering®l| 5830,
o] B-34-A)7} bone regeneration®l] EI}H O Z ALEH 4=
A= A2 BHALstt [56]. Ajayan LgolA= o2
WAE o]-83t] FNEP=FH/AERZ 22 composites T
E11 o]Z 7|¥ko 2 &} supercapacitor?} LiT o|xPAA S
Ttes AFE sk, Aol o] Zlsgk A9 A
off 3t 73S WhEsldt) [57]. Fig 2& 7RV Fr/
AEZ Q2 7Nk 2A)E o838 Li o|xX|e] s
HoAFTh olgt A7EL o]/ HAE o83l THEo]
N AEZ Q2 719k thekst B3AA7E a4 143t 7HA),
nlo] @AM, 53 oFE <54, tissue engineering scaffold
ol EvpFo s 849 F e AS BoFH, H< =
oA olefgt A= w9 Eiks] o] FolA] 7] AlZtSHAT.
53], o] 24 A E o] &3t AEZ 2 Bl ALt
3792 NMMO, DMAcS} 22 =4 7|80 E o83k
71& 3780 Hlst tl& B&Zolal RIS olg=
s AYar gl

_—

\

Anode

N

Cu Current Collector
Al Current Collector

S ¥~ Cathode

Cathode
Anode (LiCoOy)
(MWNT)
60-100 pur

Cellulose

Au Ti
200-400 nm  20-100 nm 20-50 pm

— "

AwTi MWNT Cellulose LiCoQ,

Fig. 2. Cellulose-carbon nanotube composite-based Li" battery.

o] 24 AA|7} nfo] Qulj 0] AR MEZ Q2 3
AEZQx Fad BFE FAo & &3iA1Z2 4= A

r =
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53 Svligke AR Q1FZ 02 vl QujAE Bt
TR BAAIE Tiewe o] Zhssithe As Eshk
Lee 52 AR X, SR 2, 2l1HS [Emim][Ac]
o 5:3:29] HIEE S3AR] U & B dEES °olE
3} coagulation A]FA] synthetic woodZhs &S A4
3lal, o] FEAAZE ©]L39 T} [27]. Anti-solvent©l]
]3| 4] coagulation B synthetic wood= *]&-°ll= thaFe]
TS Tk e stol=2Al FHE EAEITH} o
AxsPd ghal Fg BEo] Ao (Fig. 3). ©1%A 4735
© E2 3H BH0EE o]gd F UsH), AEEQ X,
rdERE e 2jade g gl s Tkt TR
©] synthetic wood 25 o83l fr2] EHol| Ao w
8 4 Aok (Fig. 4). Synthetic wood &A= £57¢F 4
EE292 FEI} vt vz B9, & AFEE,
W 5448 AYaL Igle, PEG, 7l i=R{E, 718
5= ket e B i =3 7hs stk
o]t &A= Hlolemj 7RES 2 wHEoxthe ellA]
8, BAFRME, ARad o S-S Ald Ao, o]

= TR A Bkl 5-80] 7 At 2 o Sitk

@ (b) I (c)
Fig. 3. Synthetic wood. (a) wet hydrogel (b) freestanding film (top
and side views) (c) coating on glass.

(a) : (b)
Synthetic J

wood ‘
’ - ] -

Fig. 4. Synthetic wood films and a cellulose film, placed on
paper with the printed words “synthetic wood” to illustrate
color intensity and transparency. (a) cellulose only (b)
cellulose/lignin (5/2, wt% in IL), (c) cellulose/xylan/lignin
(5/3/2 wt% in IL), (d) cellulose/lignin, (5/5, wt% in IL).

7192l 7 ol [Bmim][Ac]oll &3A17] o} AL
THEojA] Er3E AXAA) (soft material) S TS 4 Tt
= Aol BuEAN, 9t I8, 2EA] 5o /o] 7
7o 2 dHAY [14]. [Bmim][Ac]+= [Bmim][Cl] BT} 7]
o] gaflo o% aFeIen, 71" A vE7] 98|
Al ol AAE AASHE A= oHA| grial Balskq]
ok 3 p71elS o] AAY EA)17|a Al FAde 2
7 98 PEAQ 071029 o7} dojwkom, AT+
A8 7192 Ao FxET ¢ st A3 Ba
HRlT) olefgt A= 71" 7Wke] tekst BdAE A

A3, AT 22 5430] Holur] wiiel gt
woplM AEEeX HY ¢ 53 &V 2 F Us
RO 7tjEnt

235 [Bmim][CI]oll €-3)A]7]2L anti-solventS ©]-&-5H
A BF FH=E ATt Ao] H BaEl=,
ojuj= anti-solvent®] FFoll webA AFAE ZE59] 54
o] ¢ GeAE AR dHATE SHEHEHLS e
AREE Ad B 308 R FHS wEojilil,
HEke-2 =2 AHTE AYe FH3 D535 JAeiHon,
52 anti-solventZ ]85 K] E319 0} [22,23]. Gupta 5=
HES AYe A3 D58 v A Az S
35 9 AAAZ AT [Bmim][Cl]S ©]-&3}
Lalsta ATARE A B2 AE Aoy f3A}
o] 7 FFs PIAA] Fethe Ao] W=,
o2/ HAE o8&+ A=A 71N tissue engineering scaffold
o] /M 7FsAS RSt [24].

EYFEIN0| SFME HO[2S2T 72| ZEAT
o) = A ARAo s A49E A
e A9)Y oJst PulSe BA ATl S50k
=
Kl

[e] =TA

N

1=

pul
.
.

o]

ol

o
(o]

o, olelgt 71HES AT AFEAE ), &
SHHAY dFo] ] Dolof 3tk 53], FXFA
(thrombogenesis)-= dHel] 23] e |8} Agnle] A
off oJaiA A= AP, HEF, AT (Pulmonary
embolism) 5= 4o 4= 7] wiiZTell, XTI AYA|
Aol A wl¢- Fastt) oAE S0, AT EY
SIE A FES w2 AAAXET A1 8s
Adek it} slukde FB-3ar AAAR o] §HH nlo]Q
o e PdaiEAke] FAHMIS AT HlsiA
AR &= Q=T Linhardt®} 3-5d7AE2 Hio] 222
mo} sluls speka o7 AgtelA] gL, o2/ AAE o]
83lo] tiekel nlo] e Zev sl EitaAlE ANLsk
o} [18,58]. EAJe] thE F 714 opde] vlo| e EemE X9t
ke BEAAE Jhdslr] flaix= it o] 24 AANE
ol-§3k= tloll= AL itk olag Al Al S5
Je WHeE G o] F 7HA] o) o] AA ¢
E3ME-S o] g3l= WOl Linhardt 152 AEZ Q. 29}
Sl ERAAE 7idsh] flsiA e e [Bmim][Cl]
o -gajAl7)1, &9 [Emim][Baloll €311 TR F
SRS A2 A3 HEE 4ol U E B dEES
o]-gsled ATABIATE (Fig. 5). ©]ZA e AEZQ
283 composite-> AEZ Q20 |5t FAH I 0]
AR 3L o) F o]gste] AFEAES N 65
o} [58]. Ftolli= Park 5] hemoperfusionS 9|3+ EAJel
AEZ Q239 compositeS 75T [59]. EAdER
432, barbiturate (5-HA), benzodiazepine 52| &0 F

ot |
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AF33l Age uf =S A A7) 13041 hemoperfusion
of gx}xoZ o]8d 4= Utk XYL ST A= A
Z3Ago] ulls- v7) wlitel] 4171k H2H8-8 A3 4= 1o
A o]& nloleZE|HE FHSh= A7} o] FoA AL Stk
HEE AEZ QX optE 2 J|EAF Fo] o]Eg HFJ
O] 8F|UAE, 3] FAAGAo] TR gl TAVE
AR} [60]. 0] AAE o] &3] Lol A2 0y
oz I3 A} oF=ol U3k FH== IA) Walst
| gq= Wi, Tl o)) gigk FATr) 3] "WojR|a PN
Z3do] mlf- o= AHE HAFY (Fig. 6). 182
2, AEE o yaatd B3AAle A} fopollx] e 714
BE2 {83 o84 4 US A= 7giEr} [50,58,59].

r—
Cellulose E Heparin
LS = indviey
G /@\ CgHyCOO
1=

NYN
[Bmim] [ci) SH5 ™ CHy NN

CHy ™~ CHy  [Emim][Bal
[ Additives such as drugs, proteases, etc }—ﬂ

Molding using Electrospinning Atomization Casting
templates to form fibers to form spheres to form film

g : 0B

RTIL extraction in a anti-solvent
Regeneration of RTIL from

Biomaterial separation
Anti-solvent by distillation

and vacuum drying

Biomaterial (film, sphere, shape, fiber)

Fig. 5. Schematic representation for the preparation of heparin/
cellulose composite materials.

Fig. 6. FESEM images: (a) uncoated charcoal (b) enlarged image
of uncoated charcoal (c) heparin-cellulose-charcoal
composite (d) enlarged image of composite.

4%

ApAANA doR= vleo| e ZEH e 758 B3k
SR o] st FofellA] thdsiA 3-8= o] sith
A == 72 (fibrous membrane)S =2 B4, £}
A, AAe] BEY, Yl WA 59 5AS 7HAAL oA
AYoJg} Fofol|Alo] TRkt AAA &8 7hs S BArskar
Utk AE2 e 71ELL G5k Aepe, A= A6 22
Hlo]|EZEw 719ke] A7t Aoehs -85 95t o
SHAl ZE] o] Stk

0/24 AHE o[zt HE4! YAl (Dry—jet wet
spinning)

AEZ A Afe 7P 2y ol8H e A Fe3sh
AR AR dE AUe vl ZeH 7Nk A
ot NMMOE ]88 AEE Q0] 2552 WAL o]
@A) ddH ez JfdEo] AR [61], =37 o] gl
= SE 8% SIS0l A 7T 5782
7io] et} 2T [Emim][Cl], [Bmim][Cl], [Amim][Cl],
[Emim][Ac] 59| °]24 AAE o]&slo sehdo=z W
FHA e AR A5 FA WA 237t Hars gl
o} [40,62,63]. o] AAE Bl ARE-Sk= 52 WA
WRAE gk A5 vt §alE o]l HAE
coagulation bath® HAFSR=H), o]u] ARg3h= Eolu} ogk
S5} 28 anti-solvent”} 0] A HA|Z Gajr)7|a AER
e A E S EE EET S ER B R
ol HA7} AA”E WA £ $of| coagulation bath
ol IRl o)A Al WS Aol el A S5
A3 AT 5 ek olHF P e B 1EA
poly(m-phenylene-isophthalamide)$} polyacrylonitrile ]
HpAJo] 1|2 AFEo] ZP5aIT [64,65]. BAIA T
uloloZele] A7) o124 AAE ol A WA
Hol slall A QoA Ov, [Emim][Cl1E 0188 A=
[Bmim][BF{]E o3 DNA 44 59 ® |90} [23.66].
gk =84 Aot e 4" AR (wool keratin)/
AEE QS GE/3E AYe m-aramide/ AEZ 22 52
BPYFE (Bmim][ClIE o1§3k] EHUTt [67.68].

0/24 AHE 0/F3t XI[EIA}

A7rE We A4S AYe vl gk A9 A
£ 7] ffeiA dukdo® A ARSE 4 s WOl
ok AeJs} ool A, A7PEARE Folxl A= tissue
engineering scaffold, J* =84, B3 oF 59 7o) o]
2 F Ut [2,69]. LREAQ] ATPEAL WHE LA
F718E ol 8dhs 712 WAL 3R, F718m ] S
ol 7|, 2%, F& Tl S v, 3 fr8E
3)e7] ook AR 0] 9eH [70,71], HioleZew
o] A7k 8ol 9] ofed o2 ¢lste] - ofele-
7|zel &3k A 2 7 BIgHd ol HAIE
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o]-&3k dry-jet wet H7WAF WH-E gas?] 3|47} B 35}
, 3le] fi3o] glof, thrlelA P8 o= nle]eZEn
o) W=Ad1E A ok RS 7RI [50]. £,
QFAISF coagulation SIS o83l A RE Slgdos
A 18732 g olgks Aol 7P 2 AAxlolth olHg
S B34 100-500 nm FEo] AEZ Q2 iAo
Ato] 7Fs3lal, Zhang 52 &N ATEE FTHAY]
H A7 AR RS Y 4 Jokar Baskdnt [72].
Fte] Aol =, dimethylsulfoxideW dimethylformamide
59 cosolventE ©]-834] o3 HA] G4 M, FHA
g, AEEE HsA I ¢ oL, A7 BES SRS
2H o gk AR7E vEo] A 4 AT [73,74). AEE L
2~9] coagulation ol AAME 80% HEo] F= ZH8}
oA coagulation bath7} IEEie AEZ X~ RS T
= Slthe o] LA [74]. o] 24 AAE 0188 dry-jet
wet H7HAL WL 3 a1RAjel|x A8 = 7] v
o [75], vle]lZm/EA aEAt ] Aol o)
g Ak 3, o] dA EHES o83 VAR
Wem7)9] A2 e yEuid B3] /s 73k
<), =Xl B3Pdfie 930 JA Bt Jeh e
Ao Z FRlE|o] H7IAL 0] s|ate] 5ol =

A

FA) ethe 22 @ 5 AU 50) THEE, ATEO
syahe B AT due] A B e

o
Table 4°]= o]A AAE o] &

A2 e,

= =

7431 slekan Azhec,
3 PR Bajel AAE tlk

M7\t

i

x|

21818kl G429 direct electrochemistry = A& A|2~Flo]]

Table 4. Polymer fibers prepared by spinning using ILs

=0

A A A HAUSE olalsletle] B0l B, AE
ASHA Y vlo| LAME skt oA F835H7]
ol T B #AS W Y [51,76]. AlslEhd a4
9] electroactive center= A} Hol| Zl&zo] &3] Qlal, &
e IHHE o2 EQPYsly] witol] &40 S B
A171a1 A AR] HAF A (direct electron transfer)< 3
A A Tt AlzElo] JdE AL ) o]Hgh H4
< Sslixde F430] flaL, PR, AAAAdo] 95t
B4 vA4st GA7F ash, nlo] ZE| w7} ulo] @Al e}
22 Agule] Jide Qloix F83k Al E 4= QT [77,78].
3 o] A= HL o]l AT T} Y& electrochemical
windowE AUl §lojA] 71818} Fofell A Bol o811
210 ™, microperoxidase, 3| Z=%H1], horseradish peroxidase
(HRP), glucose oxidase 52| 234 A AgS 7hs3a)
Al stk Aol RaE]d) [45,47,79-81]. I#IEE, Bl
Za /ol A B3AA) A)l2<8]L- direct electrochemistry
o] A2 7S BHoE Aolth

Lu 52 7]E4Y[Bmim][BF4]& ©]&3}y] === Rl=
HRPE EF3}.0H, o] composite H0:0 T3}k direct
bioelectroanalysisS 7} I T} [45,46]. 71 EA ] AY
AZ3H32 [Bmim][BF4]2] £ HAET+= HRPE ©]8-3h
Hlo] AN ZHEL] 73S 7FssAl REtE Wang 52
A= e st 22 JES Y F Ae 7B
[Bmim][BF,)/HRP/7 U =5F-H. (multi-walled carbon nanotube)
composite S 7NLSIGF=Y], ©] A= =& B e £F
Sk AARE 5 5o 545 YERIIT [47]. Sun 5 7F
B o]eA] WA M= (carbon IL electrode)S THFE7] Sl8iiA]
[Bmim][PFq] & ©]-&3}aL, S|Ea2R1S 7R o2/ A
A=9] 3 N HEFS o83t aAslsidit o]

Poly

mer

Spinning method Polymer Spinning solvent concentration (%) Coagulation solvent Fiber thickness Ref.
Wet spinning Cellulose [Amim][CI] 4 water ND? 62
[Bmim][CI] 3.5, 13.6 water, ND 1.46, 24.3 dtex" 40, 68
[Emim][CI] 3.8-11.5, 15.8 water, ND 1.84 dtex 40, 63
[Bdmim][CI] 13.2 ND 1.67 dtex 40
[Bmim][Ac] 18.9 ND 1.64 dtex 40
[Emim][Ac] 19.6 ND 1.76 dtex 40
Cellulose/keratin [Bmim][CI] 10 methanol ND 67
Cellulose/m-aramid  [Bmim][ClI] 3.5 water 24.3-30.1 dtex 68
Cellulose/MWNT [Amim][CI] 4 water ND 62
Cellulose/Fe304 [Emim][CI] 3.8-11.4 water ND 63
Silk [Emim][CI] 10 methanol 150 mm 23
DNA [Bmim][BF4] 5 water/[Bmim][BF 4] 200 mm 66
PMIA [Bmim][CI] 14-18 water/[Bmim][CI] 9.2-13.2 dtex 64
PAN [Bmim][CI] 14-20 water/[Bmim][CI] ND 65
Electrospinning Cellulose [Bmim][CI] 10 ethanol 500 nm 50
[Amim][CI/DMSO 1-5 water vapor 100-800 nm 73
[Amim][CI/DMF 2-3.5 water 100-500 nm 74
Cellulose/heparin [Bmim][CI[/[Emim][Ba] 7 ethanol ND 50
PMIA [Bmim][BF4] 6-8 water Less than 1 mm 75

PMIA = poly(m-phenyleneisophthalamide), MWNT = multi walled carbon nanotube, PAN = polyacrylonitrile.

no data, °dtex = g/(10000 m of fiber).
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A TAE L EZERFHE o)A AAHFLE H0,
9} nitrated]] tjste] =8 71504 &4 (electrocatalytic
activity) S 20} [82]. B3 & YEF/SIO, YAy
[Bmim][PFs}/3| =22 R/ carbon paste =2 7HsIA=H,
o]+ trichloroacetic acid, HyO,, 20l thale] =A] Iat=
271302 2438 et} [83]. Ding 5-& N-butylpyridinium
hexafluorophosphate, &34t UEE, graphites ©]-83}
H,0,5 £43}7] 913 HRP Hlo|AINE dsly] o
A AT, w2 G4, A KA, =2 AlE T
AXZA Y Z55 545 HERT [84]. Yan 52 AekgY
dimethylformamide/[Omim][PFs] &}o]=24-8 o]&3}
glassy carbon Z1=roll4] HRPS] direct electrochemistry 23}
£ Bkt [51].

HEPEEA] 2 A o) o] 2 Z2HE o] &3 AAf
£ WEetast ke mg vlo| e e U2 fele®
Qlsted e FHAIE 7L AT AT, o273 HA|7}

G ulol ZEME SiAE 4 Stk Blo] LeAHA
ulo] @ &2 7|gke] Aol thk ¥hilS o AR vk
53], o]/ A= vIFEA, HISY, g7 <F8Ae] 54
S 7HAIAL QloA] BR18HAQ1 Gafjolar, ol Fole
o] Z3s Fale] Ao gk tks o243 A o]
7¥Fset7] wWizell thdst nlol e ZeHE BalAE & e
oA AAE Mdsta FAE o Stk FHZ, AEEL~,
7IRY71ERY, A=, ARl 59 nlo|Zeu7} ol A
ayFoz galE 4= 9al, anti-solventE ©]8-3} coagulation
H4S B3t BE, 2, 43, bead, Ydhe Bdo =] 4F
50| kst Aol Harsa ik o2/ HAIE Faf
A AR e vlol e FEw 7IWke] ARES LR
EAQ1 A A, Al 5o 5 0= st tissue
engineering scaffold, 4= E#4, SF2-EA, ©12 7vs %
H], Hlo] @AM, BEAEHA] 52 o} Fololl A tiekeh
£2 07 olgd F S A= VHEH: 53, oA o
AE olgste /e sl vlo|Fem o] BiiAl=
o AR O R lsle] o)A Ths AgH|et A T4
2 5ol B oF o]8d F s Bloth

o

22220109 99 49, AAE 1 20103 102 59

Al

o] =& 20109 % R (AFH7|ET) e Ado=
FATATE] A 21S wol FHE ZZ2ATARIY (2010-
0004228).
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