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2 ok EVAY 7|4 £ 44 v+ LDHY Y-S LolR Ut Mg-Al LDH/EVA Y &3 f7]3o=
DS-LDHZ o] &3l &9 A o2 AzHUth. DS-LDHE LDH 7t DS S0l 24 Aelstd Azt Y2y
9] FZ& XRD, FT-IR, SEMO. 2 %o}Hgtth DS-LDH7} EVA Woll F2AA3HA EAE 0SS XRDERE 321355t
LDH7} 3 wt% #7HE Y B3detolA AR il & 25 HUgs Jehdt. €34 4= 94 EVA LDH7}
AEEA FAHAT 1, 3, 5 wi% LDHE 843 LDH/EVA UYx &3 /A EHEE 0,9 CO0l thate] =43}
Atk 3 wi% LDHE 43 4% YeE2@8e 0,0 s ER 7t EVAT A A RT 53% Zastdth 34T Co, FoE e
Ui Egtete] 714 Ag B4 = B3t1 LDH We] OH71¢F CO, 19 &2 g8 g ¢ty 7AFHEE 71t

Abstract: The effect of layered double hydroxides (LDH) on the gas separation properties of ethylene vinyl acetate co-
polymer was investigated. Mg-Al LDH/EVA nanocomposite membranes were prepared from solution intercalation using or-
ganically modified LDH (DS-LDH). Dodecyl sulfate (DS)-LDH was obtained by the intercalation of DS anion in the
interlayer. The nanocomposite structure has been elucidated by X-ray diffraction (XRD), Fourier transform infrared (FT-IR)
spectroscopy and scanning electron microscopy (SEM). XRD pattern clearly shows that the DS-LDH layers are disorderly
well dispersed in the EVA matrix. The maximum tensile strength and elongation of the LDH/EVA nanocomposite membrane
were found with the LDH content 3 wt%. The thermal properties of nanocompostie membrane were enhanced by the in-
corporation of LDH in EVA matrix. Gas permeation of LDH/EVA nanocomposite membranes with LDH contents of 1, 3,
5 wt% was studied for O, and CO; single gases. The presence of 3 wt% LDH decreased O, permeability by up to 53%
compared to the EVA membrane. In spite of barrier property of nanocomposite membrane, however, the gas permeability
for CO, was increased due to its strong affinity with the residual OH groups on the LDH.

Keywords: EVA copolymer, LDH, Nanocomposite membranes, Permeability, Selectivity
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Fig. 1. Schematic representation of layered double hydroxide.
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Fig. 2. Chemical structure of EVA copolymer.
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2.1.

Mg-Al LDHE Alx3t7] $13] AH&3 Mg(NOs), -
6H209]' AI(NO3)2 * 9H,0O, NaOH, Na2CO3lE EHz‘li}
SFA(FHE ARSI olFF FAsHE F3td DSE
ASleh7] 918l AF8-E SDS (soduim dodecyl sulfate)™
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Mg-Al Layered Double Hydroxide/Ethylene Vinyl Acetate W= &5-32te] 7|AA E43 712 &3 §A40 A A7 153

Wako pure chemicald|l(¥E)E A&319Th &= A}
43 xylene Aldrich#l(7]=)E &3} toluene
A3t A(F4hE &ttt LEAE AHEE EVA
TG (vinyl acetate TF 25 wit%)$t 7t ARl di-
cumyl peroxide(DCP) HE3 AldrichA|(F]=)E £33
. Ao AEH FHRIE 2EFAAE FAE AA
TE AHE3HA

NNAEHZA A AT EF71A 0.8 CoE &5
99.995%9] A& ARt

2.2. Mg-Al LDH &4

Mg-Al LDHE A %317] 9138t Mg(NOs), - 6H,0%}
AI(NO;) - 9H,0F 3:19] EHZ 100 mL 75l &
AT AzH £9E NaOHS Na,CO;E 3.5:19
EHE A %3 100 mL T&Yl o Az FE&4S
AA3 715t A pHF 8~95 FASEE 1M NaOH
2 24838t o] Mg o g Ao HHES 70~75C el
A 1247 Bt whkstal AsEQ Ao AHES F
FrE A&t st & 70C Y vaccum ovenol A
AZA A Mg-Al LDHE 2%itH11]. LDHE 713317
3l LDHE 500C oA 6A1ZF &9+ 4433 100 mL
SHTl %9 SDS (2 g #H7IskY 70CAlA 124
Bk & 6N B9 BRAZAY. X AHES

Azste] f7] 13143 DS-LDHE A &35t

2.3. EVA/Mg-Al LDH tic=3tat ®=x

49 AUHS o] 8359 EVA/Mg-Al LDH Y538
oh& A 23tk DS-LDHY| &2 187 7|F20 2 |1,
3, 5 wt%= Zeldte] A|28k3iTh 30 mL O-xylenedl] DS-
LDHE %3 100CA 647t F<t mukgitt. DSLDH
7F @3] B4AFEE 100 mL toluenedl] 15 g¢ EVAE
L3 AZ EAS 9 100C A 647 F AEE A
wrtgth npAeo g 23k &4 7hwA?l DCPE 1L
BA 71202 10 wt%S A7FAZ 3 249 ol A &)
g AAGY. & A &4 FeEHolA casting ot
o 50CeolA AZAA EVA/Mg-Al LDH Y= E3ue
At

2.4 J|MFot £F

714 Eute] WAL 147 em’o]lT AEL 5 cmo|Th.

E
AaE AL 7~9 bar 30TolA, ojitstga 3t
AYL 7 bar 30C 7oA W8Pt ¥ L EVA/LDH H

50

Botulo] £A= oF 180~250 umYTh. oA ¢lat
© O A ol 8allA Fetdlth

a
a=— ()

P P 47 ZIAGE 13} 298] FIEC|T

25 24 4 FF

Fourier transform infrared (FT-IR)S JASCOAHY &)
o] FT/IR-460 PlusE AH&-38t9ith. LDHS| &3t 4 &
FRl8l7] 98l =43 Xray diffraction (XRD)E Bruker
(EYANA AZEHIL Cu Ko Z ZA3E D5005(40
kV, 45 mA)E AH&stH o™ A=1.5406, 260=2~70 °
o| A =4 3}Hth. Scanning electron microscopy (SEM)
< JEOLAK Y )9 JSM 7500FE o] &3te] 7}&a<t
10 kv ##3}¥th. Universal testing machine (UTM)
< IntronAH(P] )9 Instron3366E AHE3te] 7|AE &
e BHEAL AFEL 100 mm/mine 2 FP3tA .
Thermogravimetric analyzer (TGA)< TA InstrumentAt
9] Q5002950 ©]&3te] &% W$ 30~600C, o<
£5 20C/mine2 #F3AT. tAFHEELS .ol
2 AF)N(FAH e GPA2001S AH&-3H% T

3. 21 { 1E
3.1. EVA/Mg-Al LDH Liz=gtate| £4

3.1.1. FT-IR &4

Fig. 3914 FTIR ZA#E Uit w4 LDHS
DS-LDH®] 3,400~3,500 cm™ el OHY| A=A%
of 9% =7} Jebgth 1,600~1,650 cm” H ol A
bl EAse Bl A% WA E FAFA, 1,350~
1,380 cm'ol A Ehito] &9 AlEFo o3 vaE
olatgith. DS B4 C-H Ao 93 AzAFe
2,850~2,965 cm’ oA YERSTE E8 1,370~1,420 cm’'
oA -CH,9} -CH; AH&9 #3750l o var &
ZE At DS-LDHY| sulfate ©]&ol 93 Al=z%Fe
1,180~1,200 cm' ol A 1=tk 967 em'9} 1,051 em”
o429 DS-LDH IR 2HEHL =7l & sulfate <
o] 2o FZFA 71913 =7} YebgTh 800 cm’
olsto|l M Azl Ul &3 4kao] A g HFo
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Fig. 3. FT-IR spectra of LDH, calcined LDH, DS-LDH,
EVA and EVA/LDH 3 wt% nanocomposites.
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Uebgth 42438 LDHY IR 2HEHLS AZFHA
Tk EVAdA &= ol 2E TIFolA 7]QIE C Ag

AZZ%o] 1,731 cm’ ol UERGTE EVA/LDH 3 wt%
U 2aato A= 500~800 cm oA AR F o] F
937 el Qe o] A2 EVAZF LDHY S7t
AAE RS ousig,

5
0

ot §2
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3.2. XRD &4
LDHS =7to 4" DSE sty yibghet
ol LDH7} BEAEAEAE 21st7] A3 X-ray &
A& Z8Y3tH A Braggdl?l d=nA/2sind & ©]-&3tH]
A4kt Ath. 20=10~70 ° ¥ 9{ll4 LDHS XRD 7%
A% A9E Fig 490 YeRA=d 7148 314 peak
003 peak”} 11.450 °o| A YEREI LDH 53 A&
0.77 nm&l A2 & =I¥ it} DS-LDHS} EVA/LDH
wt% Y=Egue] XRD A& Fig. 504 g
4 9lth. WA DS-LDHO| 7|& 34 3% o 2.80 °
oA Hojx=d S A 9F 2.98 nmE DS ©]-29]
LDH Z3tell AY=EEA 3 A7t $74e Ae &
4 9ot EVA/LDH YxEgdoA e 34 937t &
1

“ o e

ZH A skt LDH 33t @47 A=A 1
JEU5e & F Aok LDH #EEHe A 1&EA
el Ad=H= LDHY o] iiatd 442 4 e
dETh ¥ Bi, LDH F3tel DS7F AYEHEA 3¢t
Ao S7h8A7] Wzl t17].

3.3. UTM &%

LDH %o W2 EVA/LDH Yx&3tute] 7)A A
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Fig. 4. XRD pattern of LDH.
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Fig. 5. XRD pattern of EVA/LDH 3 wt% nanocomposite
membrane and DS-LDH.

3 wt% LDH7} %7}% L}iﬁ‘f’ﬁ‘%ﬂ AR E= 27.04
kPaZ °F 34% A= F7Fstdth T. Kuila® 2 EVAS
Mg-Al LDHS] 37483 EAd #all Agdd A=
LDH9| &Fo] 1 wt%d o IdZFF=7}

o2 et AZAAEI} StskE A

TE2A OF% EVAY =4 ofAEo|E OF9 A &
324 wj&o|tt. 13y EVA/LDH 5 wt% Y53
o] JAAAES} gL F43] Fagded oA
LDH #7}eFo] WolA A nano layer’t 37| o

o] T} 18].

3.4. TGA &4

Fig. 791 EVA ©¥¢ 93} EVA/LDH 3 wt% Yx53%
2He] TGA Ml 3F41& UEh Oib}. EVA ©dut3 EVA/
LDH 3 wt% YWix53ute] disle 27 20 o 24
Uebstth. A HA dA o 1—5— oA EAbe], 7 WA T
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Fig. 6. TS and EB of EVA/LDH nanocomposite mem-
branes.
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Fig. 7. TGA curves of (a) pure EVA and (b) EVA/LDH
3 wt% nanocomposite membranes.

A e g FaAEo] Eafdrt. 18 Fig 7°l
HojA = A zHo] EVA/LDH Wi Eguto o] Hx
of FA &4eo] ¥ W] YepvEd, 1 olfE DS #
Z+e] alkyl chain #3817} |4 X3 =7] v oot =g
EVA ©duho] EA<E42 99%% 3, EVA/LDH 3 wt%
Y Bguke 973%2 T. Kuila®©] solution blending
WHOE ethylene vinyl acetate®t Mg-Al LDH U5
ks Alzste] 93 HHAEE vnd A9 AT
< & & ATH19)]. ol AHE 53| LDHZF 3 wi%
T A HUE Aol 3 Aol FUteE A

-

Fig. 89l EVA ©¥23} EVA/LDH 3 wt% Y23
Ja i
SEM ARzl o] A] EL Hpo} %_}OI 74x1 HE gl

=

Bgue) 7142 S5 MRS S0 B AT 155

(b)

Fig. 8. SEM micrographs of cross-section of (a) pure
EVA and (b) EVA/LDH 3 wt% nanocomposite membranes.

& 4= itk ¥bH EVA/LDH 3 wt% Y 23tete] 49
EVAC| LDH7} H7Fg o 24 gt nls)] F=g-
WA ALz AL FRlshd . kA LDHF A
WA a8 AWy LDHZES o] F713E Aoz
o = o}

3.6. 74l £1t E4

3.6.1. 7| £z 53

LDHY ¥ o] w2 EVA/LDH YiEgtute] i
ERTE 243 43S Fig. 99 YIS HA ¢
gugle] B2 FAE WE AHEY EVA @Y7
FiE zto]E HolA gttt 12y EVA/LDH 1, 3
wi% Y53t A9 4go] 71 e Fix
7b F7¥ske & E3H. EVA/LDH 5 wi% Uik
gate] AS stgol IUbE RAEE AT
LDH & mt2 YxE3fte] EREE vlasfid
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Fig. 9. Permeability of O, in EVA and EVA/LDH nano-
composite membranes.
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Fig. 10. Permeability of CO, & O, in EVA/LDH 1 wt%
nanocomposite membrane.

EVA/LDH Y= 53 ute] o]itsieth Eis
Ao e e 7 barZ 1A A LDHO 32
ato ZPsth. oj4tsterAe] gl e 7]A
dol Yebd Aog qiEdoY, ia FRE &
A3 W2 LDH7} H7bg el whe} o] 4kslehA9
=7t F7kske S Yt EVA B
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Barrer= °F 58 %45 715ttt LDHO| & 3, 5
wWi%E F7hgel e} ojitsieal] FREE Ot 7
A% %S 2t LDHY £4toz Qg Y&
oo] 714 EREr} Zhaste @7o] F7FskA R LDHE
-OH7|9} =4 CO, 714 o] Fgtg o= Qlato] i
B3t Co, 1+ &8 e =7t Z33hE| o4 LDH §H&F
o] F7slHA FHET} Frkete ZA0E BAZITH21].
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3.6.2 7|M MEIE
EVA ©due]l ool thdh Fig. 11914 oF 149 #
& Hola glal o] A& S. Marais®H O] ethylene vi-
nylacetate copolymer & U] CO,/0,8 HE=E
B3 A39l &8k 3-& JEeRAT{10]. EVAS] LDH
7F 3 wi% 7bgdl met AEErt o 318 SUleke
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Fig. 11. Ideal selectivity of CO,/O, in EVA and EVA/LDH
nanocomposite membranes.

of ez o 10 A2 F43] Fastgt. ol
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