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Abstract . Two kinds of single-phase catalytic membranes were prepared by blending HaPW1,04 with
polysulfone using dimethylformamide as a solvent and by blending HsPW;,04 with polyvinylalcohol
using water as a solvent. Another thin film composite membrane was also prepared by recasting Hs
PW,,04-blended with polyvinylalcohol solution on the polyphenylene oxide membrane. IR analysis
of these samples indicated that H;PW 204 imbedded in the membrane kept Keggin structure of H;PW
1204. In order to find out a possible way of simultaneous reaction and separation, these prepared ca-
talytic membranes were tested for the reactions of the ethanol dehydration and methyl t-butyl ether

decomposition.
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nylene oxide from Aldrich Chem. Co., ©]|3} PPO
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oy, AEAS} 12-8AEQA o] EAYHE EHujug
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Table 1o T2A8}ed 12-B 2 E 214 Zujjo} PSFE
FAof FHol= £9) £ dimethylformamideE A=)
o}, 12-§ 2~ EQIAL Zu]& dimethylformamided] =

of /3ol A gl &0l HH, o] Fofof 25~

Polymer Solvent

Mixing & stirring
FH:PW 1,040

Viscous polymer solution

Casting
Air/vacuum drying

Membrane separation

Membrane

Fig. 1. Flow diagram of preparing the catalytic memb-
rane.

Polymer (Korea) Vol. 16, No. 2, March 1992



Table 1. Solubility of H;PW;,04 and Some Polymers in Various Solvents

12-82EQL Zujo e BEddoez AxY Zejuiapg

. Hydrogen Solubilit Solubilit
Fug;:(t)ll(lma] Solvent BS;ndigng Parameteyr !
P Group (cal/lem»d (1) (2 (3 @
Alcohol Water Strong 24.3 + — + -
Amine Formamide hydrogen 19.2 -
Acid Methanol bond 145 + - - -
Amide ethanol 12.7 + - - -
Aldehyde n-propanol 119 + - -
n-butanol 114 + — —
Quinoline 10.8 +
n-octtyl alcohol 10.3 -
Aniline 10.3 + + -
n-butylamine 8.7 - - -
Diethylamine 8.0 -
Triethylamine 74 -
Ester ~ Dimethylformamide =~ Moderate 175 T
Ether Dimethylsulfoxide hydrogen 12.0 + *
Ketone Dimethylacetamide bond 10.8 + +
Cyclohexanone 99 +
Acetone 9.9 + * - -
Methylethylketone 9.3 + %
Ethylacetate 9.1 * —
Tetrahydrofuran 9.1 +
Diethylether 74 + - -
Isopropylether e -
ﬁyargc;rt;); Benzene Poor 9.9 - * - +
& its nitro-  Chlorobenzene hydrogen 9.5 - + - +
halo- Chloroform bond 9.3 - + - +
cyano- Toluene 8.9 - * - +
substitution  Xylene 838 - *
product Cyclohexane 82 - -
n-octane 76 - - -
n-heptane 74 - - - —
n-pentane 7.0 - - - -
+ : Soluble * : Some part insoluble, — : Insoluble

(1) HsPW,:04 (2) PSF (3) PVA (4) PPO
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PW,-PSF membrane®] IR &4 3= Fig. 29}
2}, 12-82EQl4ate] 7kA)= Keggin F&(13}
)9 54 932E 700~1200cm! FGo) A 47)9)
54 H3E 2tk 1080cm™ 230 P—O band
7k, 980cm® 2o WH6=0 bands} yEhiw
750~900cm™ Atole] W—0O—We] 4 band7} u}
ehdt}, PW,,-PSF membranec] A& IR £4 3
Ax 12-Y2EQI4e) Keggin 727} AUE 700~
1200cm™ Atelo] 4709} 3 54 HaE oz Ay

1 UFE % F Ut} PW,-PVA membrane?) IR
574 vla= Fig. 3% ¢t} PW,,-PVA membrane

Transmittance

1000 900 800
cm™!
Fig. 2. IR spectra of (1) PW;, and (2) PW,,-PSF me-

mbrane.
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Fig. 3. IR spectra of (1) PVA membrane and (2)
PW,-PVA membrane.

¢ IR B4 Fa% 12-§ 25204k Keggin 728
YR FABL ASS & & Avh webA 12-8
ZEQIM Fujeh niATE LA o Fd7t 7hA
€ 7Ee AgE fAHE AE o 7 Utk

PW,,-PSF w}o] ulk-g-Al

&g g Whg-o] F APES oddld tdg
e Zo|n, 1A4AFEE2-7)0] A closed recycle reac-
torg TAE ¥ &g g5 uhsS FAT Ads
Fig. 49| (D3} 2tk PW,, EujiolA ogse
gdlozel HFAA ARG UodoH 22
o] a7y Wiz dojutar, 7o) A YRR
Walshe 9 5A4S B A&sEA 2N
1k-3-7)oll A W/F(g-PW,,-hr/EtOH mole) & ZF71A]
A ukg F2E 49EY Fig. 49 (209 2ok o
71 A B ko] e oHa o2 o] A
Ql Azt Y FYEE & & Aok Fuie} PSF

22| A16¥ A23 19923 3¢

Diethylether

Fig. 4. Product distribution in ethanol dehydration at
150C. (1) fixed bed closed recycle reactor(initially
W/F=37 g-cat-hr/ethanol mole), (2) fixed bed reac-
tor with the change of W/F, (3) inert PSF membrane
reactor with the change of W/F, PSF membrane thic-
kness=0.266mm, PSF membrane area=17.65cm?.
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Table 2. Permselectivities of Pure Components through PSF Membrane at Various Temperatures

130T 140 150C
Permeability Ethylene 2.043E-8 2.129E-8 2.702E-8
(cm3-cm/cm?-sec-cm Hg)  Ethanol 5.987E-9 6.084E-9 7.302E-9
Diethylether 3.207E-9 3.703E-9 3.945E-9
Selectivity Ole2 = EeOH 341 3.50 3.70
(permeability ratio) O.EOH/DEE 1.87 1.64 1.85
PW,,-PVA 1} @ PW,,-PVA/PPO ute] 4% 00
A o0 | ®9®®® Fixed bed
GOe80 PW;,-PVA
MTBER &) 450 422 o] 2R El 7} vgtgol 80 |- "
o, PW,,-PVA Zvjutg xHg-3led MTBER 8] uhs- 0 b
2 588 A= Fig., 59 2ok 2 uhg 279 R 60
A, PW,-PVA tto] AL&-8 543 o] Zujs A g SO
28 TRANGIINNS Ane} vus 2 o E wf
PW,,-PVA The] w3 B4o] wh$ %38 % 5 3 or
Y. PW,,-PVA ofel Azo) AHESlE B0l 2ol ) /
JFe Dolry] Ya AN ¥eIIA W3EQ 0 ; ) , :
[e] 70 80 90 100 110 120

MTBEe| &%e] & Hrlsl £ 23, Foigdgde
o &8 ZAastA & Wt giich. MTBE
3 w2 Euje] FAA dojuvts AEu) vk
W Agko] Bo] A& PW,0] AUs= Bronsted 4t
He 233 A dTE Ik mEtA
PW,-PVA 9}8 Alzshed] QlojA 2F 4 o} &
23 AzxE 53 L0 AATOE=N Fof) 2
of et 2o TS £Y + U2 Fig. 54 H
ol PW,-PVAe] /4 A8te &9 IFHT= 2
&2 tt2 a<ld 7|2t} Single phase PWj,-
PVA Zujutg AH88 A9, wgEo] Fuize 3
Z3}7) A AEEA §He2 287t FAlel dojutor
&t7] ol Sojutol] HEF wkgEvte] W% 3
A g 53 FR=Eng g8 AR vehd
o},

PW,-PVA/PPO E3hulubg AHEE whg-S A4
oo Aub= Fig, 63 2ot oo} PPOTHE =
A3 Zojuhib-7io Ao W84 Y 49
JFYE7| BT S48k, o]& Table 3914 &
4 o] MTBER & AHEL o]aRdH HEe
Fol|A] Wer2o] PPOYS 3] MTBEY o]&Rdl

o Mt ¢
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Temperature/C

Fig. 5. MTBE conversion vs reaction temperature. W
/F=16.48g-cat-hr/MTBE mole, PW,,-PVA membrane
thickness=0.019mm, PWy,-PVA membrane area=17.
65cm?.
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Fig. 6. MTBE conversion vs reaction temperature. W
/F=4.8g-cat-hr/MTBE mole, inert PPO, PW,-PVA/
PPO membrane thickness=0.007mm, inert PPO,
PW,;-PVA/PPO membrane area=17.65cm?
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Table 3. Permselectivities of Pure Components through PPO Membrane at Various Temperatures

Temperature(C)

80 90 100 110
Permeability Isobutene 1.144E-8 1.510E-8 1.942E-8 3.988E-8
(cm®cm/cm?sec-cm Hg)  Methanol 1.891E-7 1.903E-7 2.161E-7 4411E-7
MTBE 9.695E-9 1.480E-8 1.942E-8 4.335E-8

Selectivity Methanol/Isobutene 16.53 12.60 11.13 11.06

(permeability ratio) Isobutene/MTBE 1.87 1.02 1.00 0.92

Methanol/MTBE 19.50 12.86 11.13 10.18

o} o wE2A 2=, o] Hkg-o] 7t Ho]o)A
BY olgol o HMEgo] FvtE Holth, PWyy-
PVA/PPO Egabato) 739 g4} vkg-7| Kok ok
273 HEEE Holed ol YA LK uke
g4%2 PW,,-PVA7} AUi= negative effects}
PPOutel Bl EA wj&o) A7)+ positive effect 2]
dAE Aoeta B 4 Qv

12-g 28R4} miate] el o Sujn
Aol Aze F EAE TA Fole HAg
£uie A Az7) bssith 2ed fuE
delst=H 2lof baseo] Al ZHujo] A& 7H4
sn gujo] delo] ufg F st 12-HAESQ]
Are] GRS £x&= 500C ZA o), PSF 2 PPO9]
FelHele e oF 190CE, o284 FAH PW,-
PSF membrane % PW,,-PVA/PPO membrane-2
190C oj3le] ¥He2 k2 fAHE Sujuhikg-)e)
A kAo g AbgE 4 Qo wEkA Ev o
540l A9 gl PW,-PSF 41318l whg-d,
&) @48 FASRe PW,-PVA/PPOE A&
W o] &3 4 qoh
L3l
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