HWAHAK KONGHAK Vol. 38, No. 3, June, 2000, pp. 317-329
(Journal of the Korean Institute of Chemical Engineers)

= M
o =

Design of Heteropolyacid-Imbedded Polymer Films and Catalytic Membranes

Wha Young Le€ and In Kyu Song*

Division of Chemical Engineering, College of Engineering, Seoul National University, Shinlim-dong, Kwanak-ku, Seoul 158&42, Ko
*Department of Industrial Chemistry, Kangnung National University, Kangnung, Kangwondo 210-702, Korea
(Received 15 February 2000; accepted 25 April 2000)

[=) OF

i =
A B0l F71gT F Seths BHL olgsle) AHEE s uia Bdol B4Y BEEE Az
ol BEETF 2Rz Eha Bl thele] Apsianh. mak o ¥A) AR BEEIE 471 kel ool TS
CE LR

Atk S4& olgale] wAZ Wgslde] 88 7FsAol tele] Avstelct. BESve]
of AR o) Lol LU e ack Iohol Fyol WA FoH B A W) A= &

ol whek SR EeIo] 2k Sk Ab Salsosh HSEAY Fohlsg ASIH F G S4ol Gles was
Sief. e TR BEIAE OB SFOhbRA) AT s Al TEATATEES] A8 FdE o
Zogeh. B =RAE ofF BEE % Svietel Az, B4 U ¥k o) Alugor, 3 /4% oy
ol o] 58, AuA Relo 2ol 88, Fujehgslo el 34 o) 7%sgrh

Abstract — Taking advantage of a property that heteropolyacids (HPAs) are highly soluble in some polar organic solvents,
HPA-imbedded polymer films (film catalyst) were prepared and their catalytic characteristics were studied. Furthermore, uti-
lizing the permselectivity of the film catalyst for the organic chemicals, its application to the catalytic membrane reactor wa
discussed. It was revealed that an activity of the film catalyst was much superior to the corresponding bulk catalylsés due to t
fine and uniform dispersion of HPA throughout the polyniler,fand that its acidic anddex function could be controlled,
depending on the solvent used during the preparation of film catalysts. Possibility of an application of the catalytic polymer
membrane reactor was established by the development of a coating technique of the film catalyst on a porous alumina tube.
Preparation procedures, characteristics and application areas of HPA-polymer film catalysts and catalytic membranes were
reviewed in this report. Typical examples of the application of these catalytic materials to the vapor-phase and ligatd-phase c
alytic reactions, the selective separation, and the catalytic membrane reactors were described.
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Table 1. Solubility properties of heteropolyacids(HPAs) and polymers in solvents

. . Solubility parameter Solubility
Functional group Solvent Hydrogen bonding group (callcn)V2 HPAd PSE PES PPO
alcohol water strong 24.3 + - - -
amine formamide hydrogen 19.2 - -
acid methanol bond 145 + - - -
aldehyde ethanol 12.7 + - - -
n-propanol 11.9 + - -
n-butanol 114 + - -
quinoline 10.8 + +
aniline 10.3 + + + -
n-butylamine 8.7 - - -
diethylamine 8.0 - -
triethylamine 7.4 - -
ester dimethylformamide moderate 12.1 + + + -
ether dimethylsulfoxide hydrogen 12.0 + # +
ketone dimethylacetamide bond 10.8 + + +
cyclohexanone 9.9 + #
acetone 9.9 + # # -
methylethylketone 9.3 + # #
ethylacetate 9.1 # -
tetrahydrofuran 9.1 + #
diethylether 7.4 + -
isopropylether 7.1 - -
hydrocarbon benzene poor 9.9 - # - +
& its chlorobenzene hydrogen 9.5 - + # +
nitrohalocompound chloroform bond 9.3 - + + +
toluene 8.9 - # - +
xylene 8.8 - # -
cyclohexane 8.2 - - -
n-octane 7.6 - - -
n-heptane 7.4 - - - -
n-pentane 7.0 - - - -

+soluble; -insoluble; #some part insoluble(swelliflsPMo, ,0,((PMo) or HPW, ,0,,(PW).
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MeOH(4.41 wt%)+
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| !

PMo-PSF-MC
Solution

DMF(71.43 wt%)

PMo-PSF-DMF
Solution

Casting on Glass Plate
(Room Temp., 56% Relative Humidity)

Drying
(Room Temp., 56% Relative Humidity)

Further Drying for 4-5 hrs

PMo-PSF-DMF Film PMo-PSF-MC Film

Fig. 1. Preparation procedures of PMo-PSF-DMF and PMo-PSF-MC.
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Fig. 2. DSC analyses of (a) PMo-PSF-DMF and (b) PSF-DMF.
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Fig. 3. SEM images of (a) PSF-DMF and (b) PMo-PSF-DMF.
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Fig. 5. XRD patterns of (a) bulk PMo and (b) PMo-PSF-DMF.
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Table 2. Catalytic activity of PMo-PSF-DMF for EtOH conversion at

170°C
EtOH Amount of EtOH converted to product
Catalyst conversion (< 10* moles/g-PMo-hr)
(%) CH,CHO  CH, CHsOCHs
Bulk PMd® 27 0.69 0.42 3.0
PMo-DMP) 15 1.50 0.19 0.50
PMo-PSF-DMP 6.2 7.44 0.49 1.39

W/F=66.73 g-PMo-hr/EtOH-mole, air=5 cc/min, film thicknessh7, ¥bulk
PMo was treated at 30Q before reaction?PMo was recrystallized from
dimethylformamide and then treated at $@Mefore reactiofilm catalyst
was treated at 1AT before reaction
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Fig. 6. DSC analyses of (a) PPO-MC, (b) PMo-PPO-MC, (c) PSF-M
(d) PMo-PSF-MC, (e) PES-MC and (f) PMo-PES-MC.
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Fig. 7. SEM images of (a) bulk PMo, (b) PMo-PSF-MC, (c) PMo-PES-
MC and (d) PMo-PPO-MC.

%S1tt. o]= PMo-PSF-DMFEEZFufdA ¢} vz R 2 5 HE )
ol PMos ¢ 2274 & Ealglo] E4ghe ovdth, 23y
PMo-PPO-MCHEE319] 7% oF 1um A% && 1 o3 7|9 &
23S B F gt ol 4 LN ZHE PMo-PPO-MC
&0 E Azshs A A A 2EYit SE7E A= S8

1), o83 dAS PPE PMo2| oW A5 2g(Ed 3ty 2
Fhell 71918k Ao = T35,

AESmlA] Fe|2Ze4te] A S 2o WE3siA
3] EDX #4948 Fsiden o1 AxE Fig. 8 2t} onx
oA BA WuE 3RS PMe2l Mo $IAE Yehlle 2102, Al Z
Zaifl= A2 2]k A9 glo] $YUE EDX o[WAES Holi 9]
ol RE JESupdlA e 2Zeit St olg- 224 & B4
Hel S 9v)git}. Bt 5452 A& Fig. 7] SEM ©]#]=]o|
A ¢ 2] PMo-PPO-MCE &5 2] 7-%- vp=] = dE&n]e) 7+
He 59$ EDX oHA7 Ve Fethe AMelth ¢]= PMo-
PPO-MCHEZE1] JolxA dF-2] PMo Fvl= Fig. 2] SEM ©]#]A]
xR F e AHME F YAR AR S on FEE v

J

M
v
T A
i glm o, <

T

-4.2
-0.6
(d)
-4.8
(©)
-4.2
()
-3.9
(2)
O
ppm

Fig. 9.31P-MAS NMR spectra of (a) bulk PMo, (b) PMo-PSF-MC, (c
PMo-PES-MC and (d) PMo-PPO-MC with respect to HPO,.
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Fig. 10. XRD patterns of (a) PMo-PSF-MC, (b) PMo-PES-MC and (c)

PMo-PPO-MC.
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Table 4. Permeability of G, and ethanol through film catalyst at 80°C
Permeability ratio of Gethanol

Film catalyst Pressure(atm} - - :
Feed side Permeation side
PMo-PSF-MC 0.9 1.04 057
PMo-PPO-MC 1.1 1.04 0.85
PMo-PES-MC 0.9 1.04 0.11

Permeation area=17.65 ¢m

Table 5. Catalytic activity of PMo-polymer-MC at 170°C

EtOH Amount of EtOH converted to product EtOH Amount of EtOH converted to
Catalyst conversion < 10* moles/g-PMo-hr(Carbon selectivity) Catalyst conversion product<10* moles/g-PMo-hr

(%) CH,CHO CH,  CHsOCHs (%) CH, C,H,0CH;
Bulk PMc? 6.9 0.52(12.8) 0.34(8.4) 3.22(78.8) Bulk PM@ 1.8 0.96 5.27
PMo-MC? 74 0.46(10.5) 0.38(8.6)  3.54(80.9) PMo-MC? 23 2.08 5.86
PMo-PSF-MC® 39.5 4.67(20.0) 3.76(16.1) 14.93(63.9) PMo-PSF-MC@ 23.0 12.3 68.C
PMo-PSF-MC® 33.7 1.79(9.0) 6.46(32.4) 11.68(58.6) PMo-PES-M@ 45.9 57.€ 100.0
PMo-PPO-MC@ 13.4 4.71(59.4) 0.78(9.8) 2.44(30.8) PMo-PPO-MC® 1.0 0.93 2.49

WI/F=169.1 g-PMo-hr/EtOH-mole, air=5cc/min, film thicknessqi?, Apulk
PMo was treated at 30C before reactiof?PMo was recrystallized from
methanol-chloroform mixture and then treated at°C7Before reactior?film
catalyst was treated at 170 before reaction.

W/F=28.69 g-PMo-hr/EtOH-mole, helium=5cc/min, film thicknesm?a)bulk
PMo was treated at 30Q before reactionf?PMo was recrystallized from
methanol-chloroform mixture and then treated at°C7Before reactiorffilm
catalyst was treated at 1%0 before reaction.

HWAHAK KONGHAK Vol. 38, No. 3, June, 2000



324 o)Ekg - Ut
AL AREshE APl = FE| 224k} aitAke] £24¢] Z7Fssitt. PMo PSF-MC&-82] AL AL 1l 56% A& w=sldlx] BEZu)}(PMo-
(1.22 Wt%)-PSF(6.9 Wt%6H ¥ (M, 4.41 wt%)=1 41 (B, 87.47 wi%) & PSF-MC-E ¢F3NZ #2815, ek A2 2 850 wehs: A%
ol ALgsto] A xE PMo-PSF-MBEEZEm 9] A$-o= PSR & 3l Ao A BEE0)(PMo-PSF-MC-Z oF3h = Al=3513th
gAol 2= PMoete] E4202 Q8 rase Zo= el PMo- o]#A Axd FEZuje] @ SEM o|X|E Fig. 18} 2t} =8
PSF-MCZE& ¢} fAlsAl &84 £4& o|Fa e AeE v AEZErjdlA PMot #EE ol = E40] LERA] G ASE He}
EPsith 23 PMo-PSF-MBE &5 H4] 7158 AW IA] 2 2E AEEjolA FH2EArE mig- 28 YRR o] EA1ge
oA gE&mged, SEMEY L YEST]de PMet % < 4 9t} PMo-PSF-DMF-1% PMo-PSF-DMF-2 2 E&n) = nf$-
dEo|R] = AAo] #AE A kol EZmolA SH2EeAE Zalt ZargE & 713 AW 9SS ¢ F 31om, Table 8] viERd
A2 v 2 A 93-S o IATE PMo-PSF-MBEE-ZEH <] ule} 7] PMo-PSF-DMF-2] 7] 3-E2¢] PMo-PSF-DMF-EI} 953k
kg BRIs] fE) PR s 4| vkl MTBE 28 & 5 vk 28 PMo-PSF-MC-8] 79 7120] glo] 71 2E
(methy! tert-butyl ether)Z-&]5h-8-2 A& EA WH7]olA] Fa83) 2 38 YeERIR] AT PMo-PSF-MC-2] 7Z-%-oll= 9 2 wgd
A} WEFvls 2AEe] WAy FajRo) ufe- 98 MTBE %% 27155 AYE g 2102 vehuitt ojde] die Fd3 &4
5 Holv ZloR YEPHTH38] fol-g ARSI} st Az 208 Aoz HEFu] 7F
EA4L AREA 22 ¢ Je-8 Judihi4l).
4, HE=0l9| 7|12=d U SM HY PricIAE a2}, LAkl guf @ sl oigh u]-8-mf (non-sol-
ventp] S4o] a3 Wz v Hn 55, 56). 715 oM &+

4-1. YE=0i9| 7|B=H A 54 o &4 Sle] Bulel AEEm) Al 245 v 8] Alole] J5

A7 AFE HEFvle 42 ¥ 56%] Jis=stelA 253 EEA] 1Y Fog AFE Agsle 2 0E YEPHTE. PMo-PSF-
Q) AR Alzrledd o A AxEYen o]E EHgh DMF ZE3m)dl] G449 7122 PSE] &9l DMFS} BE&m) Alxx
% A5 wgr]d ESulE FAste 2 ukg 548 A Rgith ZAste] F571(PSPY theh vl&myt A2 Sgh -4 (miscibility)
&7t A e S22 7| 5HEE 98 A =2 e 2Eto] o] 917] &) FAE T} PMo-PSF-MC-12E& o= 7]2o] &A=

=
S AEA EEFE Az Slol Axd ¥ Axxds
2oz AREu Y 7|38 st Fajihgde) AuAe o

Ol ALY o] 98] wEAR |} Ax7| S0l o] 8EE phase Table 6. Pore characteristics of PMo-PSF film catalysts

inversion(PI}-& 58315155, 56]. Catalyst Ptz(r;)sny (jAveratg]e (pore; Tota(l pzc/)r()e area
lameter(mm m
PRIS 48317 915 Fig. 1] hepd wie} Po] £ x4e) @ ) - 9
£738919] PMo(4.76 Wt%)-PSF(23.81 Wt%)-DMF(71.43 Wt} PMo PMo-PSF-DMF-£ 14.0 2.78 26.5
PMo-PSF-DMF-9 56.0 4.26 29.7

(1.22 Wt%)-PSF(6.9 Wt%)-M(4.41 Wt%)-C(87.47 wto@ <8-S =48] PMo-PSE-MC-9 ) ) )
.71 PMo-PSF-DMFg-¢1-2 ARE-314] e B 56%] el 5=t PMo-PSF-MC-9) 815 5.48 14.9
A g At 7zste] AFE) (PMo-PSF-DMF-E %3)E A

At was prepared in ambient condition(at 56% relative humidity)vas pre-

sl o, g }?j}% 5 85%] i iecir] Sld sl A pared at 85% relative humidit§jt was prepared in ambient condition(at 56%
st & ohE 851} (PMo-PSF-DMF-Z 2F3h)E Al=33th. PMo- relativehumidity) 1t was prepared at 85% relative saturation of methanol vapor.

(@) (b}

Fig. 11. Cross-sectional SEM images of (a) PMo-PSF-DMF-1, (b) PMo-PSF-DMF-2, (c) PMo-PSF-MC-1 and (d) PMo-PSF-MC-2.
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Fig. 12. Model for pore formation and PMo distribution through PMo-
PSF-DMF.
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Table 7. Catalytic activities of PMo-PSF-DMF for EtOH conversion at
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Table 8. Catalytic activities of PMo-PSF-MC for EtOH conversion at

170°C
EtOH Amount of EtOH converted to product
Catalyst conversion (10 moles/g-PMo-h)
(%) CH,CHO CH, CHOCH;
Bulk PMc? 6.9 0.52 0.34 3.22
PMo-PSF-MC-1 395 4.67 3.76 14.93
PMo-PSF-MC-2 46.0 2.95 9.67 14.60

W/F=169.1 g-PMo-h/EtOH-mole; Air=5cc/min; Film thicknessgiT, dbulk
PMo was treated at 30C
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Table 9. Permeabilities of H and CO through PVA and PMo-PVA me-

170°C mbrane ar 25°C
EtOH Amount of EtOH converted to product Membrane Gas Permeability Perm-selectivity

Catalyst conversion (10" moles/g-PMo-h) cmP-cm/cnf-sec-cm Hg H,/CO

(%) CH,CHO CH, CH;OCH; PVA H, 9.76x 107 1.24
Bulk PMc? 2.7 0.69 0.42 3.0 co 7.88x10°
PMo-PSF-DMF-1 6.2 7.44 0.49 1.39 PMo-PVA H, 3.31<10” 2.96
PMo-PSF-DMF-2 9.6 11.50 0.63 2.23 co 1.12x107
W/F=66.73 g-PMo-h/EtOH-mole; Air=5cc/min; Film thicknessgib. bulk PMo H, pefmeab"“}{ ratlo(?Mo—PVA/ PVA) 3.391
was treated at 30T CO permeability ratio(PMo-PVA/PVA) 14.21
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