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Q@  2F Chitosan®] HNT (halloysite nanotube)S] &2 0, 3, 5, 10 wt%=Z 713+ chitosan-HNT E3eHe A 2314

Bgeo)

TZE FT-IR, XRD, TGA, SEMO.2 olrgit} 714 T3 AL 30°C, 4 kg/em” 7oA #3381, chito-

san-HNT E3tete] HNT g3 Wslo] @& CO,9 CH,8 71AEHE9 TS 24T Chitosan-HNT E-3Hte] 7]

ERT = HNT &3] 3 wt%illA 713 2 #<

B, 1 o] oA e dastdh. AYE(CO/MNy)E 0~10 wi%

9ol A HNT o] OH7I$ CO, 2ol HgH o Qlato] F7hetdlal, of 1.3~3.89 e H3lth

Abstract: Chitosan-HNT (halloysite nanotube) composite membranes were prepared by the addition of HNT 0, 3, 5, and
10 wt%. The structure of composite membranes were studied by FT-IR, XRD, TGA, and SEM. Gas permeation experiment
were performed under condition of 30°C and 4 kgf/em’. Gas permeability and selectivity were investigated by increasing the
amount of HNT contents in the chitosan. Chitosan-HNT composite membrane for CO, and CHs showed the maximum value
at 3 wt% of HNT content and decreased thereafter. The selectivity of (CO»/CHs) was increased due to its affinity with the
OH groups on the HNT, was shown in the range of 1.3 to 3.8 at 0~10 wt%.
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Chitosan-HNT &3gH9HS

° /0] F& oFR7I(-NHy)
ol GA Fol&3H(NH; )3, &
=% FE2928 INT
og] 7HA 7154 AAZ AxHA[79], 71E
o) A AER Cosbe] ZEAEoE st
CO;, Hg9oz $8451 vk L. A, El-Azzami 52
swollen chitosan 2t3} dry chitosan =& o] &3} H,9t
NZHE CO9 £2& A7sH3L[10,11], A Tto &
T EH371A Yol 5715 =Y3HY swollen chitosan
2o 2] CO, w85 A7t 12]. Y. Liu &
2 chitosan®l| PebaxE H7tste] HEPLORFE L&
o} 4ol e CO, BHE A% MNAFEH ATE 3
AFoH13]. 21U 71 EALS EEuoz o] § A Al
folsty e 7AA Aot €4 AAHA, gas barrier
HAERE Y3t 71BEAS ARt 22 $&3keT
FAE 7HAL JUT14,15]. °lE T o= 7Bt
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tube 5O Plo]AR EE Uk F7]¢ FAAE AHESH
AU 71302 HyH ERIZYOEES A48l
AER BT BHL FAANE AT B
tH16,17].
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EPDM(ethylene propylene diene monomer) & Il
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2.1, Aot

Chitosan (deacetylated chitin, degree of deacetylation
75%, AEAHF  ~50,000 daltons)¥} acetic acide
AldrichA (U.S.A) E5 %< AHE3tal, Sodium hy-
droxide:= Dae Jung Chemical (F4H9] £% 97.0% ©]
49| extra puredt pallet FE|E AHE3IAT FEAE
e A 28 2EFRAR AT AATE AE
3t F71E 4 Halloysite nanoclay [ALSi;Os(OH)4 *
2H0, EAF 29419 g/mol] Sigma AldrichA+E]
nano powder®] FE|Z pore volume 1.26~1.34 ml/g,
WAL 64 m'/g, 27 30~70 nm, 2°]E 1~3 pm
olth. 11 VAT ol AHEE CO% CHie &
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Fig. 1. Structures of chitosan and chitosan-acetic acid
complex.
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2.2. Chitosan-HNT =&aetel H=
2.2.1. Chitosan ttat o

Chitosan 2 gl 2 v/v%9] acetic acid &< 713}
of 2047t wHkgt} o] & 15 o& A7 85 cm9
petri disholl ¥ AA AxAZL F 0.1 MY
NaOH 30 mLE petri dishell H7Fsta ¢F 308 <t %
ANZIG, FRTE GE FE8] AT OA oF 30
£ 5 BN F petri disholl A 2HE wlojyja, A
oA HE:AZIT
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2.2.2. Chitosan-HNT S&et M=

Chitosan 2 gl 2 v/v%9] acetic acid 489S 7}3}
o 20417 wRkgth W& T2 flaskol| chitosano] ©f g
HNTS] &&o] 3, 5, 10 wt%°] H =% HNTE FHls)
of &g FRT 4ol o 3023 50°CllA soni-
cationd}1, THA] 20A17F F¢F wwkétth 283 chito-
san &7 HNT €95 FA 1 A 5 & 4lol=
2 w3t} Petri dishol 15 g Ed&ES A
o] A 24417t A=AZIt} 0.1 M2 NaOH 30 mLE
Z¥sta oF 30% ¢ BAANIG. FHRTFE
8] RolFa Al ¢F 308 5< WAIAZ F petri dish
A Ehg wojya, AoA HdxAZIH
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ZIAETG EAZL time-lagfl S o] &3 FHAAAE A
AFReH 7AZE X, REH] A, JAFEL A4
A2 TOE FAHAA A, I A2"E dAsk
1A 9 EEluto] A¥ 2o A FAHES
skt HolE = o] Axe A" HArEol o T4
A% GFEFAE Ao AFHoE ALt dojzl

gHALS 147 cm’

o e 71A7F FHske o]
o|al, AEL 49 cmolth. VA FH AY
30°C 27l Psiitt. 1ol AHEH
= ¢F 35 umo| At

Zt NAEY T} (permeability)= THS Al4HA o]

oA A4 oL,

1 dV;
pPp=——"
O AAp dt

A71o0A ie FAACIL, vE Tt B £
71719 B3] (cm’, STP), 12 % F7(cm), o}
AR (), 12 77 AT, apE o 4He 5
] ke RH(emHg)olt.
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(@)
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2 Brucker’H(F¥) Vertex 708 ©] 8314
film AEHE 400~4,000 cm’ WA A,
PhilipsAHU @& E) xpert system (1.2
kW, 26 = 5°~35°)< o] &3t EFFEA(TGA)
9] %= TA InstrumentsAH(H] =) DSC 20108 AH&-3}
o 50~800°C WA scanning rateE 10 °C/minZ
st} FAEAS =439 chitosan-HNT 2-3Hehe] o
HI2E JEOLAKLR) JSM-5600LV SEMS o] &3}
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Fig. 2. FT-IR spectra of chitosan, HNT, and chitosan-HNT
composite membrane.
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Fig 3. XRD patterns of chitosan, HNT, and chitosan-HNT
composite membranes.
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Fig 4. TGA curves of HNT, chitosan, and chitosan-HNT

composites at a constant heating rate of 10 °C/min. (a) chi-

tosan (b) chitosan-HNT 3 wt% (c) chitosan-HNT 5 wt%

(d) chitosan-HNT 10 wt% (e) HNT.
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3.1. SEetel #xof 54

Fig. 2 chitosan, HNT 18] 3l chitosan-HNT &-3}2}
ol thEAQ A9 FT-IR B4ZAE YeRd Zo ]r)r
Fig. 2014 B9 chitosan® IR spectrum< 3100 cm”
~3500 cm'olA broadd OH group? stretching vi-
bration ¥o] =7} VeI 91, 2875 cm oAl -CH;
o C-H Aol & o], 1649 cm' 9} 1578 em™'o]
A amide group (C = O-NHR)Y] C = O 2% 23t
o] =7 vebgth 181 1151 em'olA CO9 asym-
metric vibration ¥°]=¢ 1375 cm'olA methylene
group (-CH-)2] bending vibration®] 2|+ 1jo]=7} U}
237e=

HNT nanotube®] IR spectrum®lA1E 910 cm™ o A]
O-H deformation, 1030 cm™ oA Si-O stretching, 3622
em’' 7 3694 cm' o)Al O-H stretching peak”} LFEFLFIL
At} 182 chitosan-HNT 10 wt% E3teo A+ A A
A0 2 chitosan Al Ho|= peakE°] YEIGI 911,
HNTOl 9@ peak7} 3600 cm'3-2, 1030 cm’, 910
em’ol A UERGAL 9lo) chitosan ol HNTO A2
g 4 A, chitosanI HNT ARo]ol] =4z 3to]
o]FoA & Aoz MZHHTHE].

Fig. 3 chitosan, HNT 18] 1 chitosan-HNT -39}
E9 Xeray diffraction(XRD)EXZHE 20 = 5°~
3509 WMol Uetd Aot} Fig. 3014 EH HNT
+ sharp¥t £ ZQl 90|25 broaddt ¥ o|a7}t 3
Al VERGAL 913, chitosan 26 = 8°~12°9} 24 =
16°~25°9] 2ol A] broadd o] A7} UESTE HNT
9] broaddt ¥ojde 2 AAAV|G @ AAIE

o o] 7—] o= /‘§71—QE]—[26]

1)1 chitosan-HNT 3 wt% E3EHe A= chitosan
SR golZe A7I7E ot ZAHAET o=
chitosan Yol HNT9] =02 JA) a3} E Aol
Tt ofsto chltosan e e Halsto
chitosan®] ZAAAo] AL, olHd A4S 714
3 EXd 9ge % Aolgt AZET5,20]. L. H
Li 5°] ¥¥3% R19 A% chitosand] ZnO YA} &
ZF A715 & vl chitosan FE U9 AFEo] o
A3 Zn09%}e] M2 FaZ o] AAFHEA chitosan
of AR Aol ity 1E8A A FAHol Ftet
u chitosandll €AF ©]4 ZnO7} H7MEW 238 2
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Table 1. Thermal Decomposition Temperature and Char

Yield at 800°C

Sample Tso (°C) v%eezil:(l;;

Chitosan 378 38.0
Chitosan-HNT 3 wt% 373 39.0
Chitosan-HNT 5 wt% 382 39.5
Chitosan-HNT 10 wt% 420 40.5

Tso : Degradation temperature of 50% weight loss.

Aol F7tete] AA7] 4L o] Aty Hustt
[5]. HNT &3] 5 wt% 7}l %] chitosan-HNT -39}
AME 260 = 18.5°9 20 = 24.9°9 A oA HNTY]
o] 37} oFstA BEEHT] Al

Fig. 4% chitosan, HNT, chitosan-HNT &3=HE9]
TGA 42375 Yephd Z o1, Table 12 chitosan T
et} HNT 3ol w2 chitosan-HNT 53859 &
a7t TFY 50%7F He AHY 25(Ts)E Bl
Zolty. 94 Fig. 4(a)= chitosan TY =}, Fig. 4(b) ~
(d)= chitosan-HNT H32E0]1, Fig. 4(e)x HNT
T TGA JA1o]th, Fig. 49} Table 1014 RW chito-
san Y93} chitosan-HNT 3 wt%, chitosan-HNT 5
wt% EAHES T 50% TAaFHE AAdMY &
E(Ts0)7F A4 vI5=8t A% Fig. 4(d)9] chitosan-HNT
10 wt% ST AE F%9 50% FaEe AF
o] 2E(Tso)7F 420°CE F3 A o] thad FFHS
< & F AT

Fig. 5% chitosan ©¥2t3} chitosan-HNT £-¢2t9]
Tdol tfg SEM AzlS YEeRd Zlolth Fig. 5(a)e
chitosan T¥9e] ARloZ #43% FeHE Yei
Ut Fig. 5(b)~(d)E chitosan-HNT 5222 chito-
san-HNT 3 wt% H32telA & chitosan Woll HNTZ}
L35 BEAE o] 1, chitosan®] 7}8iA = HNT
giFol F7HE S HNT/F 544 S &S 7171 ¢
2~3 um AE He A= #FHJoH SHEY dol
Aak golA & As AT 4 AT T AL Fig. 5(e)
T chitosan-HNT 10 wt% E32tol] o] wj&s 22
o gt ARISE HNTY 3HEH 3 7oz
# P9 HNT nanotubes #HZF = AT} Fig.

o |

weygel A 24 @ A5 3, 2014

18kU X8, 888 Zum 8880 17/JUL/14
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1aky X1, 8@l

®

Fig. 5. SEM micrographs of cross-section of chitosan and
chitosan-HNT membranes. (a) chitosan (b) chitosan-HNT 3
wt% (c) chitosan-HNT 5 wt% (d, €) chitosan-HNT 10 wt%
(f) chitosan-HNT 3 wt%.
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OE 7IAEY FHEE UBA Aot dntdor
3-8/ (water-swollen) chitosan 2ol H]s] £33 A=z
st Al A9 chitosan Y92 densedl L, rigids}™
S VAFHREE B o]& MAdstr] A A7t 7
=3 ltH4]. ol ¥ AFo XX chitosano] HNTE
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Fig. 6. Permeability of chitosan-HNT membrane as a func-
tion of HNT contents.

chitosan-HNT E399] 7|AEHRE = chitosan TY 9
BHoh CO% CHs BF A F7Fstdal, HNTS| &
3 wt%~10 wi% WA= WwilE astes FFdFe
BT} chitosan®] 7}A = HNT o] 0~3 wt%
H Qo & chitosan ALEAFo] %A O Z nanotube &
Bl HNTZ7F ¢ stAl 450l HNT & Wi-=2 7|4
€9 T}t &olato VIAFHET}F S8R, BT
Fig. 394 % Aad %0l chitosan-HNT 3 wt% &2t
o & chitosan ol HNTS] £ 0 2 chitosan T2}
B} A& Aol 7HaHo J|AELE FAAI=H o
g Foge AzE. 22y 3~10 wi% Hl ol
A& HNTS ggo] Z7istel et 7429 Fa=Ee
A 243819 A, chitosand] HNT €&kl 10 wt% 7}
3| A H chitosan TYe] VAFAREEHT H 2 Fog
A 7FAES 4 4 ARG H Sun 52 chitosand]
zeoliteE 7}3l51E W 2 wt%~8 wt% B oA = chi-
tosan®] ZAA A o] ¢F3|A chitosan?] AAHA TZo|

2 BEFdes T F 29 £HE AT
AT, I o] Fo g FHeFo] 7t A A zeolite”7t 47t

A SFo] FHErF At BRustq27].

HHos 1EA o Frjdol FHAE EYHUS
o M2 o] ofgt A folle AW A FF
Ao JIAFHE}F FUbstg AR FsEtg
A Afole LEA ALY B 252 ATAA 7
AEAEE FAAZIGT 28] 2 AFdA
HNT &&0] 3 wt% ©]A4 2 =2 chitosandl] 7} A chi-
tosan LA} Woll HNT Y50 A& THA AP
o 7|AFH ol FolE1 2388 HNTY &3 &
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Fig. 7. Selectivity of chitosan-HNT membrane as a func-
tion of HNT contents.
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E2 A3t pore-filling o] oY AFHH7F 7
425 HNT Y= chitosan Akole] Jszhgo] F
Vet AR RETE A" ACE A7 T. Li
Sol LEI} HIME L&A zeolite F7]EH]
Ve As WAERETL FUhsitl YA o) vt
AW 9 uERALETG J|AFAETL ol 1—t—l
ol F719AY HF AAE 1EA AEHEQ] A
o2 Bt TH29].

I8 chitosan @YEe|A BW CO,7F CHy EUh
AAoR & BT E Hol=d CO,= chitosan?
T2 Yol £A3t= amino L5 (-NHy) 3} HH8-31] CO,
of A dFe F Aoz AZHU4] =3
chitosan-HNT EZHEAE AAH o2 S5 A4
o] FH LR & CO} CHETH T &2 7|AFHE
g 2y

Fig. 72 chitosan-HNT &3] s HNT 3ol
T} CHsl Wi CO8 MBI E(CO/CHy)E YEHA A
olt}. Fig. 7& EW HNT &% 0~3 wt% WM =
HNT $&Fo] F7hel met M8 =(COy/CHy)7F A9
UAG 7S Holtrt 3~10 wi% oA E Hap =
JVehe AgS Bt A HYFE Fig 6014 EHE
HNT &% 0~3 wt% HAE CO.9 CHLY 7|4
B=7F 25 IA S/ HOoZ MES(CO,/CHy)Ol
A1 A chitosanol] F7}E HNTS EWHo| A5+ &
71(-OH)9] FFo] Ao A 4Ad HEE(CO/CHy)E
BT UNT 3% 3~10 wt% HYo A= HNTY &
o] WolA WA HNTY F24o A3+ -OH7|¢
4 COy Atol9] A3 Ago] TS s dojut chi-
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tosan-HNT EH 029 CO,9 &3 Mg do] Fha
o7 FA F&d] MEAE(COy/CHy)7} F7Vetdtha
AZFETh H. W. Yoon ol oatd z&Ate] 717l
NZE CNTE carboxyl groupo]l EA3t Nyofl g
CO,9 AE w7l Z7hsld Tt Hustgo30]. 182
Figs. 67 79]A BH B A9 chitosan G2 d
chitosan BF2.Z A, Ito S[12]9] <3 =EH swollen
chitosan ®(Pcoz = &F 60 barrer, S (CO2/CH,) = ¢F 28)
o ge 7JA A HYs ks Hoed ole F
H7A e FE7t 7IAFERE e FFES T chi-
tosan o] F#7|A Well E3HH FF7]0l o3 &

Re HETG 2T FEoA W COY 7AFHRE
£ BAga AZet4,10,12]. 1813 L.A. El-Azzami
510101 93 dry chitosan BUTIME AE=
(CO/MNYE oF 242 A, Tto S[12]°] &F3F AMex
(COMNy)E ¢ 70HTE v 3he Hol=t o]AL d
chitosan 2T} swollen chitosan 2}o] COol O £&

s BV WEo® AztE I, olgd ol

AT Ao A% swollen chitosan ZFRETF Yk A
(CO/CHyE HH o et Azttt I8l1 HNT &
3~10 wt% HeldAE ZAFHES} HEx Aol 9
¥ B (trade-off relationship)7} ©]FAA L Y&

& A

3

F

) r
o M1 L oo I

ol

4. 2 E

B AT AME chitosano] HNTS] & 0, 3, 5, 10
wt%E 223l chitosan- HNT 23S A 231 th.
a8 AzE B¢ Fito =g - 33ty 543
COx8t CHs9 7|AFEHE} AEEE AFste & 2
I g3 e A3E A

1. FT-IR ¥4 ZA3} chitosan-HNT 23S 1649,
1578, 1151 1375 cm'oll A} chitosan®] E42}¢l jo] 3
Eo] YEI, 3600 cm’! H2, 1030, 910 cm’ ol A]
HNTO 2|3 3jo|FE50] YElytt).

2. XRD #4 A3} chitosan-HNT 3 wt% E-2}o] A
© HNTY 3o|aEo] YA %%, chitosan T
uRt AR A77F ZAHAT. chitosan-HNT 5
wt% BFuto M= HNTS 3jo|3 50| oFslA #2F
At

3. TGA ¥4 Aol A+= chitosan-HNT 10 wt% =

mEgol A 24 @ A 5 3, 2014

&t chitosan BYRHET E3 b o] g A
4. NA T3 A-o A HNT o] 0~3 wt% B9

oA HNTO| o] S7184E CO% CHyO| 71AF
5= 2% 94 F718t91, 3~10 wt% B AAE
Azt gashes A4S B

Z
5. 4B £(CO,/CHy)= HNT & 0~10 wt% H ol
A oF 1.3~3.82 Z71E YT

z A

=5 Aunsy 201495 wdTH 2o
o3 54 olol ZAEYU T
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