Korean Chem. Eng. Res., 55(6), 778-784 (2017)
https://doi.org/10.9713/kcer.2017.55.6.778
PISSN 0304-128X, EISSN 2233-9558

= 2HdF
EuSE AL

X - Shivshankar Chaudhari - 2% - 20|97 . dlo}20(* - Z¥0|*
Tty Fgsiely

48547 FAPFAA] - AR 365
*el=rsletelty el AlE]
34114 t)dFA] A7 7HEE 141

2=

(201749 62 134 A,

2017 72 149 72 A, 2017 72 18 A

Pervaporation Dehydration of Acetic Acid Aqueous Solution using PVA/PAA
Membrane with Na-Y Zeolite

YongSung Kwon, Shivshankar Chaudhari, MyungJun Moon, MinYoung Shon’, Ahrumi Park* and YoungMi Kim*

Department of Industrial Chemistry, Pukyong National University, 365, Sinseon-ro, Nam-gu, Busan, 48547, Korea
*Center for Membranes, Korea Research Institute of Chemical Technology, 141, Gajeong-ro, Yuseong-gu, Daejeon, 34114, Korea
(Received 13 June 2017; Received in revised form 14 July 2017; accepted 18 July 2017)

(@]
el

of
o],

Poly(acrylic acid) (PAA)ZE 7} Poly(vinyl alcohol) (PVA)? Na-Y A|SER]E A& H7lste] Fosiaks: #|
Z3I8lTt A B33 B (FHR), B& A8, 457 574, SEM 2 XRD 418 33l weje] S5 A78lor,

Az &

R ZOHHIEA B9 o deloll AEeisivh A el A7 Na-y AlEeie| S

ol Z7Kael wet Relete] 2ge] /b8 on, ASelol sk U7k PVAPAARE e AlE o] =7t 7t
H7) Qre Haleto] w]dl) & R UERIRITE 10 wi OPIEAE S8oolx] § wived] Al gelolErh el

PVA/PAA 2|50l 7H 2 AE g} Fo s vehfgivh

Abstract — Membranes were prepared by incorporating Na-Y zeolite particles into poly(vinyl alcohol) (PVA) cross-linked
with poly(acrylic acid) (PAA). The membrane was characterized by FT-IR spectroscopy, contact angle measurement,
swelling test, SEM analysis, and XRD analysis. The pervaporation separation of water/acetic acid mixtures was carried
out using prepared membranes. From the results, it was shown that the hydrophilic property of prepared membrane
increased with increase of zeolite contents and the PVA/PAA membrane with zeolite addition showed higher permeation
flux than that of without zeolite membrane. The PVA/PAA membrane containing 8 wt% zeolite showed the highest perme-
ation flux and separation in the feed solution containing 10 wt% acetic acid.
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EARS T2 AR 2g, verEe] 2R dslel 2 dA 4l
23 ¥ el oJs)] AAFE™ biomass, AHH a4 7]EF FAHES]
E5 A2 o EALY] Finis g v 210 & oA QUTHI.
7] A AL oM EALY] FEE= UHEA O F 5 wit T|Rko]
EOMEAL S7]-AA] HE 1 Z 2]l &2 s w2 S
=7 oM EARS: £Efshe Alo] vS o HzITt, whebA, B} oA
EAbe] fA18E 3] 0 2 Q13)] 11 W 50 oA EARS A7)
H8te] o] SR/ 2 = 57 59 30l AT EARE ol E 3%
Fopst oA AH7F 2T E I ol ¥R LA qltk
wEbA] 2] el Qo] oUR] &8 T 8 &
EHE o EALS #Eslr] flste] FRdy) 22 A W
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Na-Y A2 E7} 371 PVA/PAA 2]t opA|EAY S=goljel| ] 3 Sk ol 779
ARSE AL QIEH4,5). ot S-S 715 S ol viel = I8 e 8l HA 205 AP SleliM 2eHER 9]
oA &8 9l 2873 53 22 & 7 AL o] A EAellA] TS ] A Al
slaed gofe] 2 Bl 7)) E9Ee] el avtHow
ARG L QITH4-7]. 2.4

Poly vinyl alcohol (PVA)+:= Poly(vinyl acetate) 2] &3S 23] &
E3) AT = 84 3 R afo)H e 3 3lelka] ?}Xé"é, o)
Az 9 w2 Aedoz el H EOHIEAL =] g
(dehydration)z- g oA E&]ute] A5 2 AR oA EANS 7
&g Qe AR Fu EdR ELH QATH8-18]. LU, PVAL
73] A E Qlsto] ol EQbdetar A QAo W2 Zlow
oA Qi) L[]ra_/q PVA E2]uke] 57 1l A& QA8 3R]

7171 $180[8,19] 7} HH-5-[9-11], LW H (grafting) %! S0 2012
&S o] ARg- ¥ ar Q.

Tt o 2 ARRE = PVAS] e st ZA1A s
EA717] Q1 Lls] = Bl Fk= ALk 3Re- ZhA|E ARS-sto}
spetA o7 7k AgE = H”ﬁol ﬂ%ﬂ ATk H5F ARAFEA]
Poly(acrylic acid) (PAA)= &/ EAL £3-E2] £3 S 785
91 PVAS] 31514 Al = ELE]%IE} 9,10,15]. A o= =2
Al PVASE Al ZAFR] PAAS] Dol &%t 7k A gk

Az | Fosduke g Eoln] Z2d3k(dense) TS 7H O =

Z1AA b 2 Eoll gk of s&Ado] fratrkal delA Stk
gyl o g F3} Zuk BaloA] PVA/PAA ] uhe AFE-3E A9
st gho] o e H2 AU E R ¢ 9l vhd we
o) WS YERAITE whebA A8 RS FAslskar
o] STV friedh] flato] welHkel] Al&eto] E (zeolite) o} 12
te7d o] Ago] BarE glrh21].

ALefolEx vA o3 25 7HA = A (molecular
sieve)= &e|x1 dFulg Ao ]E(alumina-silicate) 7l EHE

AR 7] xRl s S35 71A1A, shehe] ul A4 by
Zgo] p=rslo] Tl vt AR = B SleHAl e Qlvk22).
Algeto] Ex vkl Si0y/AlL0, HlES 2Ear 9low the 97]9
71om FAE thad TR o FoiA] glo] olF 7k it
mjER A e uhs o] 9k Ful Sk ] I oM B FEe
1 QtH20,22-25,31,32].

oM o] B FFA
S0 FFgllelA] A 8= Flo] "é‘:&ﬁolfﬁ E/OPHIEALS] 1]
2 A7ske] a5 of
AEARS At sk H29) Fakg 17 Hars] 31tH25,27).

71228 s o EAL el o] Tk B ol e 2 A
FolM= AE e oHEAL F&-Hef et 3t S ATE 7] §
3}"35} AEE2] o EAL =g 0 B K 11 0] oM EARS

7] f18te] TS AREE 4 olom oju) SR Tt St
0}71] wo] AAY W ouA] AR7F sokshA WA ET wheka] A
FEO] o EAL FENE AH SR-FH o FYshke AR 5
T8 FHE A WA R 58 oMEAL 0] F RS S
FaL Siedoll Aleahs o] ol|A] AnlSHer ZAlde] 3
Fsigit.

Tl 7k A PVA/PAA H2] o] Al &elolES 3

ool Fast Huluks Alzekol om A|z¥ F2] 22 Scanning
Electron Microscopy (SEM), X-ray diffraction (XRD), FT-IR spectroscopy,
W6 AT 8 A5 AP ool Felvte] S4S BARIIL
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2-1. A2t 2 xi=

=gkl A5 2 FAFO] 88,000~97,0000] 1 98~99% 7+ &
&l ¥l PVA (Alfa Aesar, USA)E AH8-3}31 T &2 91 4] PVA2)
7h AR FA}Eo] 2,00021 PAA (Sigma Aldrich, USA)S AR-6F ),
A7 2 Na-Y #Al-&2}o] E(Sigma Aldrich, USA)E AF-3191 0.1
E242 Table 19 YERAATE. 99.5 wi% A EAKDaejung Chemicals
& Metals Co., Korea)?} 2555 AR5l 358 (feed solution)S-

A ZE Tt

TE
i
R
}.

PVA 78918 A% s13T) Alxg PVA T%‘%‘ % 0% ﬂrokﬂ &3l
2] ke EAS AT & FEE NS Azl

130 °Col A 5 A)7F B¢ A% Na-Y AlLEPo)E 1 g& 100 g2
=l 7ksto] 2X17F 2531 M2l E Fl -S8E AEE|E A=
BEAAZ o Az @ p A—r%°”0ﬂ A& E7} 4,6 4 8 wt%
7ete] Algelol Bt A7tE PVATENS AT 18
5 wt% PAA =208 PVA/A|SElo) E Gllof H7)sle] F3ku| =
75/25) PVA/PAA £-NS A Z3 3 wiky |5 ARE-31o] 12 A7 A
ZJ3loict. wrke] kR S-S F7HA O R IAIRE 57t 255 27
sto] PVA/PAA/AI T E &4 9] 7| L& A A3 o A z%
PVA/PAA/AE RO E -olls FEx] t]4] £7]¢] ¥i1 50°Ce] 1
Z QoA A3 AXAIZ F 130 °CollA] 5.547F ABIAIA F7
7} oF 50 um®] e ek Azl Alswto| Ev HbEA] ok
PVA/PAA #2]2+-& zﬂia}ol:@} %718 PVA/PAA H-2]8f2] Hg
o= sk sl FLe Sl AxE AT

2-3. FT-IR &M

AZE PVA U2 PAA U Al&efolE ghefel b 7t s
12138171 915k0] 400~4000 cm '] 3 W Sl el A] FT-IR &4 7]
(Nicolet iS10, USAYE- AFE351o] 493191 © 1 o]uj Attenuated total
reflectance (ATR) B.=5 ARE-3151T).

2-4, 7(12'.57# éx-l

A ZH PVAPAA/AZE}O] E e|ohe] M4 s S74st7] Sl8l
H|t]e Fhdetrt 2t 3524 #417] (Phoenix 300, South Korea)E
AMgskglom A 7iq.‘ﬂ(sessile drop method)S 53] & E]“L ¥l 4
HqE21e- =4 st B2 v o) YshaZl 3 102 3 429
HAE7e 574 shelon, "‘Tj/]m o] = Gl wet Al
AT E oIS ARESto] Slld HE52EE ARt

Table 1. Description of Na-Y zeolite

Counter ion Na*
Pore size 0.4 nm
Particle size <5 micron
Nature Hydrophilic

Molecular sieves Crystalline, three-dimensional

Korean Chem. Eng. Res., Vol. 55, No. 6, December, 2017



780 AL

2-5, W =X
1Z¥ PVA/PAA/ALEEIOIE Hev)
E/OHEAL E3HE §ollol] 244]7F &<k A8l e ke 3
A ke 77 f-ollolA Zu|aL aHe] SRS AA & FAE
73t WEEE ATt &= (SD, Swelling Degree)= ©F
g o] 45 o] &sto] At H 3t

Ta=

He 40 °Ce] M= Tt I

Sp=
my

M

714 m& ma= 22 S | Eeuke] FAleh AxE Fefuke]

FAE vepdTt
2-6. FAPHRIAOE EA(SEM)

A&eo| E7} A7} ¥ PVAPAA
CER
EHEAE S

Hajke] ¥
FAPAAFE T 7 (Tescan Vega 11 LSU, Czechy= AME-3FSI T
AP L T ARESlo] FRHE - ARSSISITE

PAre B3]

o= L

2-7. X-ray Diffraction (XRD) &A1
X-ray diffraction (Rigaku D/Max 2500, Japan)S AF-&3}9] PVA/

PAA/AEEIO E Flut Ul A&2fo] EVF 71 R] 92 PVA/PAA
k] X- A SHEE B sk 7Y 3 FAE 2

e AE Edel 44 ¥, 54 AR

WSl 57 shoint.

59442 £ F 0~50°

28, £3 ZL A8 IR 2 B
B QAo AL ot S g A
PAAAI IO 2] mhg A Lol
A 5l FU0% 7450 9
tank) §71°fl ThE A% 213 W %

5 o] AASISITE 2 A7 ofA
AMEE= EE]”]’-J f& WAL 19.64 cm®|H £N T L=
3 e 25 o] 85l TFE0] 40 °CE A =5 st F

- =
2 AFEER] 100 pm®] S5 Rt Ao] Zalelr). Bejut
< B3 S FAohs ERR g Xy 32 E
10 mbar H|9FO F X3}

Fig. 1. Schematic diagram of pervaporation apparatus: (a) water bath
(b) feed tank (c) temperature indicator (d) circulation pump
(e) membrane cell, (f) vacuum gauge (g), (h) cold trap + liquid
nitrogen (i) vacuum pump.
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25 AREste] Efie] =48tk
9 10~30 wt%2] ORI EAL
ENE AR tq T O] A 2432 TCD7F & 7kAaA
FvkE 723 (Ige-7200, DSScience, Koreays AFg-510] 4181510}
FHSHAES B3 28 5 v A4S AREste] AYE

(separation factor)2} T = (flux)E AlFsFSITE.

Separation factor (o) = m 2)
o}7|4, Py, P, Fyy @ F = 217} 5319l 420 2 1l opxEAL
TH 8N T £yl op|EAte] T F-gorh ek, ks v

e Abgtel A gt

Flux(J) = X%—t 3)
o714 Q= Efiell #E Tl o, t= AARE, A
sejte] famajolnt.

3.4 1

3-1. 222 SN 2N

3-1-1. FT-IR Spectroscopy -2

Fig. 201 PAAZ 7}l PVAYL Al &2fo] E7} 712F 6 wive, 8 wi%?}
%718 PVA/PAA £-2]710] FRIR A E S LRt 3320N3300
em oA BEE = )= PVAC] EAIGHE OHZ S YERhr] 2
ejutell ] #2HE QlTh PVA/PAA 2 Al&2to] E7F 34 7FE PVA/
PAA #2]8H] 9 2B 2 AFe] c=0% C-05 YERE 1735
em™ 9 1300~1000 em ™ol =7k 2 =] 910H4,5,9,12,13,18,21,27].
Fig. 20114] ¥z =] %ol Al &eto] E7} %7F¢l PVA/PAA H-2]ute]
735 PAASHS) 7ha AgE F C=02] FFol sigehs A e
k7 A SA T Si-0°) S E-3k= 1100 cm™! Bl OHel| dg-3h=
3320~3300 cm™'ellx] 2] ¥ 3 A|717F STk 21 #EsloiTt o] F
S A= Aleetol E ke H7F+ 71 Si-0 A% 5491221 2
Z7F29] Si-OH 150 % Q13 Ayl dhec, 553k 925 em'of|A]
2 © F7H]1 9] PVASE AlEeto] ] OHY Alelel] 424
Agto] 73 =3U7] wiitoletar vhekEvh23].

8 wt% of Zeolite in PVA/PAA

6 Wt% of Zeolite

| e
e
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w

Transmittance (%)
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T
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Fig. 2. FT-IR spectra of PVA/PAA and mixed-matrix membranes
with different zeolite particle loadings.
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Fig. 3. Contact angle measurements of PVA/PAA and mixed-matrix
membranes with different zeolite particle loadings.
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T AFTE 598 S AxE Feue] WGS9k
PVA/PAA 2]} 4, 6 2 8 wi% 2] Al2elo] E7| 715 Fa|ulof
gt HE7E S5kl 2 M Al gt E el b2 574 A9E
Fig. 3¢ JERSITE. Fig. 3] At} o] PVA/PAA 2292 A=
71 A Lol E dlefo] L8k E 72 54°0|x] 48.22°% 7}
ok = 9t} o= Al xE FEuhe] WpAdo] AlggtolEL] HUFR
Qe Z7Fekial, I %ﬂliﬂ*ﬂ el vldlshe AS ¢ 4
o},

_I

ﬂl

rulo

30, rd

3-1-3. FARAARA ] B4 Ay}
8 wt%2] A|&2to]E7} H 71 PVA/PAA

PVA/PAAR-Z] 7} 4l 4~

SEM HV: 15.00 kV SEM MAG: 1.00 kx TR

SEMHV:1S.00kV  SEMMAG: 1.00kx Lol .. J

" -

0 wt% of Zeolite in PVA/PAA

4 wt% of Zeolite in PVA/PAA

8 wt% of Zeolite in PVA/PAA

Intensity (counts)

Zeolite powder
1 1 1 1 1 1
0 10 20 30 40 50 60

2-theta (deg)

Fig. 5. XRD patterns of the zeolite particles, PVA/PAA membrane,
and mixed-matrix membranes with different zeolite parti-
cle loadings.
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SEM<- &3l ¥H2313Ith. Fig. 49} ko] A=
I&2lo]E A&7} PVA/PAA T13-A} F] uhoj]

3-1-4. X-ray Diffraction (XRD)%-4] A3}
XRDPAE Fato] wefute] a4 25 A ekich Aleet
O|EZ} H7FEA] 952 PVA/PAA 273t Al&Tlo| EVF 7

g 2ko] XRD AW EH-S Fig. 50 YERY 2 th XRD éﬂrOﬂH
20-20°0114) LFERLK= B4 9118 PVAPAA Helote] 27 el
Hepdth, Aafell A 13 5= g0l Al&eto] EL] XRD ¥+
Al&eto] EZF 37He PVA/PAA 2] 2toll A 1 shgel] AAIglo] &

VEGAN TESCAN  SEM HV: 15.00 kV SEM MAG: 1.00 kx

Fig. 4. SEM micrographs of PVA/PAA and membranes with different zeolite particle loadings: A) PVA/PAA, B) 4 wt%, C) 6 wt%, and D) 8

wt% zeolite loadings.
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Fig. 6. Effect of zeolite particle contests on flux and separation factor
for 10% acetic acid aqueous feed solution with a 50~55 pm
membrane thickness at 40 °C.

2] %] ekgkon] o] Al&elo] EZ} PVA/PAA F2] Tl #UdH)

0] QliE Utk ofel @ A vk 7)) A7 EReM &
B vl leh26).
3-1-5. Al Ete] E 7Rl whe b 5 A9 A
TS E] A2 40°C] 10 wi% OFIEAT 8-S T

KX
FNE ARGl o A2 ThE Algeto| E S ZH= PVA/PAA
kS ARg-sto] A AAISSITE A3 A, Fig. 63 2ol
PVA/PAA 2|9l Algeto] E Fhafo] F7fgte] whet Fahert 5
A3] 57} sh= Al gR1E 4= ATk v AEE Alg o] E
gl 6 wt 7M1= A7 RSk A3kont, 8 win 57k 5 AA
3] T7keh= A HeRISITh

M Z O Al EEto| E 3R 2 PVAPAA 2lvhe] Ba e
(SD)E 40°CS] 10 wt¥% oFA|EAl =848 o] g-3to] ZHE T
Fig. 72| A7}9} 7Fo] PVA/PAA -2]8te] AT 3k elvtel
71 Al geto| Eo ghego] Frghel| whel Z7t skl o] A=
Na' o] &1} Si, Al 9A15 L3sl= AlLEO|E r) 2 1444
ZEethe 218 s Bola= Avjetar shdech, 3k vhke]
¥ 73S Sohe Al ko] Ex A (molecular sieve)S T
et glol 54 271 9 Feje] BApks duow 5 8 5
QArkar A ek

wkebA] A 27301 0.3 nm Btk 22 = Ak AlEeie] EQ 7]

ol G T 2 7 glom b 2 dgtell A AR el He]
WSS i1 Bhefo] =8 I g fAA o shA #BEEH QT
[25,28].
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| |
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. 160
S ]
o 1404 u
(9]
o |
53
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()]
£ 100
g 4
» 80 u
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40 4 L
T T T T T T T T T
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Zeolite contents in PVA/PAA (wt %)

Fig. 7. Swelling degrees of PVA/PAA cross-linked membrane and
mixed-matrix membranes with different zeolite loadings in
10 wt% acetic acid aqueous solution at 40 °C (thickness:

50~55 pm).

7)E2] W A tollM EpPMEAL g Folo] £ Sk Rej s
&l 7t A3E PVAPAA F S *F%Lfi}‘ii‘:}[%lo 15]. A9
o]kl olA|EAle] Bl Eof] T3t M e =7} uf-9- =3FX]| 9} Table 2

o) 0¥ Ao} o] vk FrhE g ehgiek. o 4 Al A}
§ 2] ef vlal, 3 A0] A&l E7k H7he PVAPAA #
2Juhe Fig, 63} Table 2014 SH1EE 5 QI%0] MEET} 21 712
1714 gk A 0 e FAES Uehls 2 o 4 It

Agelol gl whe Fat Fu A7 P32 A7) 918 10

O

>

34

—i— Total flux
—e— Water flux
—A— Acetic acid flux

Total flux (kg/m? h)

A

»
»
»

-1 T T T T T
0 2 4 6 8

Zeolite contents in PVA/PAA (wt %)

Fig. 8. Total flux and flux of water and acetic acid as a function of zeolite
particle loading (wt%) for PVA/PAA membranes (10 wt% ace-
tic acid aqueous feed solution).

Table 2. Comparison of pervaporation performances of membranes prepared with different methods and chemical reported in literature for separation

of water/acetic acid mixtures

. Feed composition Temperature ~ Flux (J)  Separation Thickness N

Polymer Nature of membrane preparation method (% wiw, water/acetic acid) 0) (ke/m’h) factor (um) Reference
PVA/PyAA Modification with PAA 80/20 40 0.20 150 NA [10]
PVA Cross-linking with malic acid 80/20 40 0.29 121 80 [8]
NA Substitution of Sn-ZSM-5 zeolite on porous Al,O; 80/20 70 0.2~0.3 ~2 NA [29]
PSA/PDB Composite memb.ran.e by conc. emulsion 755 40 37 27 NA [30]

polymerization method
PVA Mixed-matrix membrane 80/20 40 238 16.63 50 This study

(PVA/PAA-zeolite incorporation)
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Fig. 9. Variation in flux with long operation times in feed solution with
70 wt% water at 40 °C for the mixed-matrix membrane with
8 wt% zeolite particle loading.

wi%2] OPEAE -g-olox] AN H T} Sk A FoEE E,
OFH|EAbe]l tlfst Z+2te] F3 == Fig, 8ofl YeRISIch. 1 A3, &
FHEg 5o FEes Al&eto| E9) gl wt S7tehs s
TSI, RE e, oA EALe] Tdt e Wsh= Al S| EC
gl whk AL G 2S5 vk AE ARl 2 52
= T v AlEeelE ?JZ]'J 2173 Si- OH 719} Na*o|
o] &Jgk 71 07 ActE o= e Abol 8] HAd T A
2 Q8-S T WE Az LQL SITH26]. o]ﬂ e eke]
T FE ] BES sk ASEO) ET} 6 wt% o]3kE
71 Fefutella Aot JAgst o]f-5 AW E = Sirt. ey
8 wt%2] Aleelo] E $HakS 2= PVAPAA #2721 52 A E)
T8 YESlY, o] A2 oA AlgEto] E 2] 4} Al(molecular
51eve) Aol o3t Ao 7 ArtEr F FARTE 277} & oA E
AL 3 oAlel] vl o= ek

e N

3-1-6. & ul o]-X-]/\L;)] %7]_

B AT A E 3 T e Al
WS B 919 o g A4 ; agstict. s woeel Al
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1o,
o
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oH
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S 954 — g
X T
~ [ | ]
e
@
O 90
£
[0
o
£ 851
o
©
= 80
-
o
X
s 754
70 . . ; . ; : , . .
4 8 12 16 20
Time (hr)

Fig. 10. Water content in permeate (wt%) with long operation times
and 70% water feed content at 40 °C for mixed-matrix mem-
brane with 8 wt% zeolite 4A particle loading.

FENA] T2 T AT 783

2l EZ} H7He PVA/PAA 28] 7HE ©]-8-5F] 40 °C2] 30 wi% ©oF
AIEAL =8NS T 8N 0= AREshE 2AlA F 3641%E Bt
Tk S ARSI Tk S A Al ol vl 4413t
ok ko) Fakg-ene] 2 gl opAlEAL Feke 57 SISl Fig 9
Sh 100 T3 Sk A ARl whE Foheg) Fake el = Ee
22 JeR) itk A8 Ay} Elr x7)o) kgl Z7)%)k 3 A3

AlRto] eF 20 AV& O1F-7E Wt ghs mRl b ok = 9

E/OHEAL S o] el E S8, Alaetel E7F 3 7ke
PVA/PAA 7-2]5to] AIXSISIT, 40 °C2] 10 wive OPHIEAL =8-o0&
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