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Synthesis of Poly(amide-imide)/Polydimethylsiloxane Graft Copolymer and

the Effect of Mixing with Silicalite on the Pervaporation Property
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Abstract
The synthesis of a polydimethylsiloxane-grafted poly(amide-imide) (PAI-g-PDMS) copolymer was carried out by the

polycondensation of a diamino-terminated PDMS macromonomer with trimellitic dianhydride chloride followed by chemical

imidation. The copolymer membrane and the hybrid membrane with silicalite were prepared by a solvent casting method

using NMP solutions, and the pervaporation properties of these membranes were evaluated. These membranes were found to

exhibit the organic-permselectivity in the pervaporation of aqueous alcohols and acetone solutions, and the selectivity of

PAI-g-PDMS membranes increased with an increase of PDMS content. In addition, the PAI-g-PDMS/silicalite hybrid

membrane exhibited the higher organic-permselectivity than the PAI-g-PDMS membrane. Therefore, such a hybrid

membrane is expected to be a highly selective and durable pervaporation membrane.
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—F. BOTFBEUMEEM R L LEBEMEROBFRRT
bhTns, EHMBNELTERAINZ VI IFA MX. &
FEINELTHLNTWBEASA FO—FETH Y 0.6nm
DEAEOHALEREL, ZOMANEEVWEAEZ R 1213, ¥
oo, TOMMILEFE2OTVa—LEORFMEREL., YUHS5
A MEZAOWTESTFEZBLB37T Va2 — VB RESR T THER
BHREEN T3 1419, Dong Hix, PDMSizv U b 541 + %
BALLBEABEEZERLTPVEICLEZTVa— LV KBBROY
MEIToEZA, BOTHVWDIHERKEZRTILE2HELT
W38, LALRERL, Y I T7A4 MEIZTREWBRRMEZRTR,
PDMS iZ b RFBMBREL | BEF 2 —TR, AL TARR
EORBNRED 2a—NVOBBICERTIERIRTERTHS &
WORMBERRD S,

AFFR T, WA, THEFME, MEMCENRZEFTERY
T7IFAIF (PAD) 2ESBHREL. FHDBREBECE
7= PDMS #RISBICHETI2MAKICENR RO S5 7 bt
BEAROERERATZ, EbIZ, XOBEOBRELZEDIEM
T, BAMEAFAS PELTHOND YIS, FEZBASYE
HEE— BTy FEEERL, VI VT4 FORANR
PV BIZ L2 BOERYBREBBR DL I REBEEX5
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2.1 ARWIREFoVINVEERATAIRY CAFAL VoRY
v (H-PDMS) &8

TFNANIHAFEBHAKT. PV AFALTTF ) —1(6.25m], 56.2
mmo)%# ¥ BT F St Ko7 J5 (THF, 50mD)iC B EE 0
ERICTF LY F 7 5(385.1ml, 56.2mmol)Z Mz . 0CT 30 %
BREESEEZ, TO®%, ~FH2FV MY v axd(D;, 50.5
g, 225 mmol)% &% THF(150mIIcEfE L - g2 Mz, X5
CERTIRBREER®Z, TO®%, RISBRICVAFNAVI T
0237 (12.4ml, 112mD)E M2 TEER T 15 BFRRGEE, &
BRIGEBILER, BEEZBRETBEBELEE, THLEYF
VAREREIL, SHZEET 150CT 3 EAREHR L TK
WRESEBRELREEZ S, HPDMS(42.3g) % EE6FH O ik ik
ELTHE, (B :71.9%, LHEEE : 13.5)
1H-NMR, § (400MHz, CDCls, ppm): 0.02 ((6m+3)H, s), 0.11
(6H, m), 4.63 (1H, m).
IR, v (KBr, neat, cm-): 2963 (C-H), 2127 (Si-H), 1261 (Si-C),
1028 (Si-0-Si), 800 (Si-C), 689.

¥, ERORKGICBWT, PIXAFATT /) —e D3 @
ENHEEZXDILILEIVENESEDORD H-PDMS %
nENREM L, (Table 1 ZR)

22 35-FRU-= P72 AF )RV IATAIT—L
(1) o&rk

3,5-VE Fax Ry U7 ia—n(5.00g, 35.7mmol)%
NN-Y A F LR A LT I F(DMF, 250mDIciEM L. Bt
W REE S Y 7 A(10.0g, 72.4mmo)B LR 4-7 4=k
B R (11.0g, 78.0mmol)& I 2 100°C T 6 BERIHEE L 7=,
RICEIGERERBRICET R 700 L A THH L%,

AHE»BEEZFELE. BRI oo RV A/~FH ) I
IARBUEToRLLIAS, LEH 11050) 2 HLEDOEMKE L
TH, K :77.0%)

IH-NMR, & (400MHz, DMSO-ds, ppm): 4.47 (2H, 4,
J=5.86Hz), 5.34 (1H, t, J=5.74Hz), 6.88 (1H, s), 6.95 (2H, s),
7.17 (4H, m), 6.95 (2H, s).

IR, v (KBr, neat, cm-1): 3518 (0O-H), 3107, 3076 (C-H),1578,
1506, 1487 (C=C), 1342 (NO;), 1223 (C-0-C), 1032, 847.

23 35-FRU-=huTz=oAFFIIRVIATIAZ—F
N (2) DEBL

{t&% 1(5.00g, 13.1mmol)%® THF25mD)IZEMR L. Z &K
23 o{LF FSTFALT E =17 5(0.48g, 1.31mmol), Bk 7
Y V(15.8g, 131mmol), KER{LFT RV &7 AKEWK(2.1g/5 ml)
EPM2BET—BEBBLE, RIC, KEBRKRE2EREKICEE
RHr7oarAV A CTHEB LR, AHEZENLEKTEERT
VO ATHAKALE, 2R h/~FH2(1/20 vol) 2 BT
WL IATINAST A b P57 4 —ICTHBILE L
ZA5, tEam 28T REAEKE LTHAL, (ILFE: 93.0%)
1H-NMR, 6§ (400MHz, DMSO-ds, ppm): 4.08 (2H, m), 4.58
(2H, s), 5.22 (2H, m), 5.95 (1H, m), 8.32 (4H, m), 7.09 (1H, s),
7.10 (2H, s), 7.28 (4H, m).
IR, v (KBr, neat, cm-1): 3086, 2835 (ar. C-H), 1605, 1580
(C=0C), 1344 (NO2), 1236 (C-0-C), 1165, 1117, 845, 750.

2.4 FRWIC 8,5-ERU-= b Tz bF XV IRVIVER
A$ % PDMS (3) D&

TNANIHIAFEHEAT. (k4% 2(2.00g, 5.23mmol) & H-
PDMS(5.62g, 5.23mmol) % & A= (5.2mDIC L. £ D
ERIZ 5%-A& b —R 3K (0.39g, 0.10mmol) & 1 2. . 80CT
—BERE#H L, RIZ, B9/ b2 BLTHEI—R U HEKE
WHI L., BFB = FA/~ZH 2 (1/30vol) 2 BBHEH & L=
ATFNAZL7a N7 44— CTRBLEEZS, LEY
39T MHEDH S ERBIREL LTHE, (INF : 76.4%)
1H-NMR, § (400MHz, CDCls, ppm): 0.02 ((6m+3)H, m), 0.47
(2H, m), 1.56 (2H, m), 3.41 (2H, t, J=3.48Hz), 4.43 (2H, s),
6.65 (1H, t, J=2.20Hz), 6.90 (2H, d, J=2.19Hz), 7.00 (4H, m),
8.16 (4H, m).

IR, v (KBr, neat, cm-) : 2963, 2905, 2875 (ar. C-H), 1521,
1344 (NO2), 1448, 1412 (Si-C), 1254 (Ph-0-0), 1015 (Si-0-Si),
787 (Si-C), 687.

2.5 FERWIZ 8,5-ERU-T I /) 72= VA FVIRUILER
5725 PDMS(PDMS <2 ux/<=—)D&K
&% 3(5.97g, 5.5Tmmol)% = ¥ / — L (30m]) CEM X ¥,

Z DERIEIZ 5%-XF D0 A — R ¥HFE0.170g, 0.08mmol) %
MR TERMARFATAZABTCHA L TCRIEBBA L BER
R[REKBHIRACER L, R, KEBRESERT—BEBER
Lk, €94 FE2BLTHSY — R HREZWH Lz, WK
PORETHEZZ2ICKRE ANE TS PDMS~/nE /<
—(G.03DEHEOH ZRBARKL LTHL, (ILFE : 89.3%)
'H-NMR, § (400MHz, CDCls, ppm) : 0.02 ((6m+3)H, s), 0.44
(2H, m), 1.53 (2H, m), 3.30 (2H, t, J=6.84Hz), 4.28 (2H, s),
6.37 (1H, t, J=2.20Hz), 6.40 (2H, d, J=1.95Hz), 6.57 (4H, m),
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6.78 (4H, m).
IR, v (KBr, neat, cm-!) : 3369 (-NH3), 2963, 2873 (ar. C-H),
1261 (C-0-C), 1022 (Si-O-Si), 800 (Si-C).

26 RYVFTIRAIFR/BIVAFAVaRHYTTFT T M
B4 K (PAI-g-PDMS)D 4 K :
FtROFETESNE PDMS =27 0% / ~—(4.00g, 2.80
mmol): MY 2 Y v FNEREKY 7 o Y F(0.590g, 2.80mmol)%
100ml I R7FAR AN TEMARTATARBTHEL
TRNERRLEET ALV BRLE, ZOEHBIC. K N-
AFA-2-¥0 YY) (NMP,8.0mDEME, e icFiELTHE
WABMMIERLSORET 4 BRBHR LA, KT, ERER
(0.580ml, 5.60mmol)& k ¥ =F L7 T 2(0.780ml, 5.60mmol)
EMz, SHIC80CT2HMRIGSE, RIGKRTH®., RIGE
EBROAE / —AFITEEIRASL PAL-g-PDMS@B.25g)% H &
Bk e LTHRE, INE: 74.2%)
'H-NMR, § (400MHz, DMSO-ds, ppm) : 0.02 (m, Si-CHs),
0.50 (m, -CH3-), 1.54 (m, -CHz-), 2.76 (m, -CHy-), 4.42 (m,
-CH;-), 6.58 (m, -Ph-), 6.71 (m, -Ph-), 7.01 (m, -Ph-), 7.43 (m,
-Ph-), 7.82 (m, -Ph-), 8.19 (m, -Ph-), 8.40 (m,-Ph-), 10.5 (s,
NH) .
IR, v (KBr, neat, cm-!) : 2963, 2907, 2874, 1724, 1508, 1452,
1385, 1261, 1225, 1169, 1096, 1022, 800.
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.~ H-NMR 27 hAit, BAET (%) B NM-TH5SK
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EMABELE, RABRRARIR L7 F A, BEfyfEfa >
— Y R4 VY EEE FTIR-8400 % AV CHIE Lz, Y
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TSK gels Multipore HXL-M x 3 & 7 5 A% —7 2 :C0-8010,
AT LR RI-B010) 2HW, NN-CRAFARNLNAT I K
" (DMF) %82 LT 40CIKTHMELE, 2B, ¥ TFROE
HEYBHEL L TEERIAFLIVZ2HAVWE, BREB L OEEE
OB, BAET (¥) B JSM-5800-LV £&E R EFHAME
FRAWTITo %,

29 BEXFY A MNELZIZESTESLICHESEOERY
/BHNEYS 7 MHEASKA.2g)% NMP10m! (i L, 2D

R EKRFIZEWE 10em B5DT7F 7w — bk EICTHREL .

100°CIZ T - Y LIRBERRBIETELS FEREMER LA,

BohBEZT 7oy y— bR L, EHIZEZET 200C
WTBLEEITo 7, (BEE : 210 ym)

BEBIZO VTR, 777 MEEAEK0.2g)% NMP10ml 2
BREE-BERE2KECEWE 10em WHFDF7r Yy —b Lk
WHEL, TOERZY B T4 F052)E2H—IZ5 0 2iFTHh
5 I00CTHEP»ARRIFEAZLICEVERLE, £, 20
BEL, BOoNEBEABEHELET 200C CRLEZITo 72,

(HE :399um, > U 54 FEHE : 28.3 wt.%)

2.10 R—~R—RVL—Ta VHE
LTROFETCHEONTEEEZA LN ER65cm DRAFIZE Y
By, YRy A% (BR) BHPVAIREROCOEEEN (B
W : 28.3cm?) [ZHELIRAL . ZOFZBENLE S0CIZHKR o=
A= —NZARIZRE L, BOLBCHEFEMKBERLBER
S8, BORMUMNZEZER7TRETDHZEICE- T, BE
RIZE L2 EREBABERTHASE IS vy 7BRICERSE
B L, R, BRBROERZAEL T, UTEFRTHERX
POFBRRDNDBLUCZBREPEZENLE, £, Z@EK
BEUHBKOBERTV A/ uw b 57 40— (BEBIERTR
GC-14B, # 5 . : Thermon-1000 5% Sunpack-A, ¥ Y7
—HR:A~NVTLA) ERANTHIEL., BOSEARE(IILT
DHAEXNOLRD I,
BZBWE J(kgm2ht): J= W(A-t)
W: ZBBEOER, A: BOZBEHE. t: AERKME
ZEFEHE Pkgmm2hl): P=(W-L)/(A-t)
W:Z@RROER, L: BE. A BoOBR®EMA. ¢ WEFMH
SYBELERH o © a=(Xorg./Xwat.)/(Yorg./Ywat.)
Xorg. : ZBRERPOFEMYRIYOERS L, Xwat. : ZBEP O
KRGS OBERSE, Yorg : RGBT OFHMRITOERS R,
Ywat. : £8P DO KT DO E RS R
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31 U7TI)K#EHETHPDMS v/ u® /) v —D8HK
PDMS <=7 0% /= —DAREK % Scheme 1 12777, F¥
L% HPDMS i1, hYRFATZ ) —NETFAYFTL
CORIBTHELD MY AFAYT ) v— T =2 2HthH &
LTAFHAFAPY v axd U D)0RBESZITV. U2
FrrzuonyIUTCRGEPELETI I EREIVELNE,
H-PDMS O & &R % Table 1 iZ R4, Z0XRMHH B L HIZ,

CLDEARISTE/ =B Db NI AFAVT )N L

DENEFEZDIILILEY, B EHEEELRKO
H-PDMS 28R T2 &M T&7-, HPDMS DY HEEEm
DfEix 'H-NMR 22 A PDMS LD A FALTa ki,
Ko Fa I rELEoFa bhrofaELIVENHLE, L
AL, Table 1 1ZR¥ & 512, H-PDMS S8 5 & B i3 B AR
LY LoReHWMEER L, ik, EESB?H: R XFNTT
J—=NVRLTOBRARKEPBIREE LTREES2D, ESICED
BRIAFAYS ) —AORIBL LEEDEEZBRS,
—J. Scheme 1 2R+ — PRV = buErHFTE7
yrz—FNeEHm 2% EMmL. 2L HPDMS Lok ke )
MERBIZE Y = buXiE2 AT 5 PDMS{LAYW 3 2A MK
L7, E F’D“/U/vfb}iFSTbi—ﬁQGCﬁﬁ4bE&@7biﬂﬂb\ Ehb
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Scheme 1 Synthesis of PDMS macromonomer
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Scheme 2 Preparation of PDMS-grafted poly(amide-imide).

Table 1 Results of the syntheses of H-PDMS. ATBOEY 32 BB ELNTEL, RIZ, 2NHLD{LEH 3

m* NORF Y LEMEL LEKBRBITIRELY, ThERYT

Sample Mole ratio of Theo. | Obe. VKRN EETHPDMS v 7 ut /v — %8R L, SEEK

code [D3)/ [(CH3)sSiOH] L= ®/)2—F, Z207 I 7EBRETREFRARVEVR

H-PDMS(1) 11 4.00 6.83 DPpMIZKELTVHEDREENEL ., EFARIGICE 3

H-PDMS(2) 3/1 10.0 | 10.9 ST MEESBOBRICAVWOAIHMARInE/ v —¢ L
H-PDMS(3) 4/1 13.0 | 135 THRMESEN SO EHEXTNS

H-PDMS(4) 5/1 16.0 | 20.4

* The theoretical value of the average degree of polymerization (m)
was calculated from the equation; m = 3 x [D;)/[(CH3)3sSiOH]J+1,
and the observed vélue of m was determined on the basis of the
'"H-NMR spectra.

B, kédP 3 DEROBICEILAEEEHVWS & —& PDMS
HOGKBBRIEE LTEIY, PDMS$HOEAEDIIL D
MRKESRDIIERH S, LoT, TORBETIEHEEEY—R
VR EMBELLTHWAZET, ROVBYDEAELZ LD

32 RIYITZTIFAIFR/RIYIVAFAVuXxY IS5 7 bk
S K(PAL-g-PDMS) D & 1% & TR

757 NEBESEKDERN— b & Scheme 2127577, ESE
DR?2B PDMS v~/ ux/)~—L ) XUy FEREKY Y o
Y REZRENEBERIEEE, RISRA TRV T{LFEA I K
L21TF5 2Lk Y 4% D PAL-gPDMS 287, Bbh =&
BEOEGRIER % Table 2 IZ/RY, Table 2 2 56¥ 5 X 5z,
BoNEFEBESEOE TRy FEMn)it, PAI-g-PDMS(3)2 &
LEWEE RV 100,000 2R L, £, ChboDfESK

Table 2 Results of preparations of PAI-g-PDMS by using PDMS macromonomer

Yield m of PDMS content
Sample code (%) PDMS ¥ (Wt.%) Mnx10*? Mwx10Y Mw/Mn ®
PAI-g-PDMS(1) 68.9 6.83 52.7 2.87 19.1 6.66
PAI-g-PDMS(2) 72.4 10.9 62.9 1.49 16.7 11.2
PAI-g-PDMS(3) 742 13.5 67.4 10.9 28.6 2.62
PAI-g-PDMS(4) 55.6 20.4 75.3 1.20 2.01 1.68

a) Average degree of polymerization of PDMS component in PAI-g-PDMS
b) Number-average molecular weight (Mn) and weight-average molecular weight (Mw) were determined by

gel-permeation chromatography using DMF as eluent.
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Table 3 Solubility of PAI-g-PDMS membranes (1)~ (4) in various organic solvents. (O: soluble, A: partially soluble, X: insoluble)

MeOH | EtOH | n-PrOH i-PrOH n-BuOH | +-BuOH

Acetone

CHCl,3 Benzene | THF | DMF [ DMSO | NMP

X X X X X X

X 0] A O A X O

B FhbESo b CORBERECFETHY, ERETRR
TRy R NERIVEABCESENT LN TERE, B

% v X BRI DMF 2848 LTHWD L, ROMBENEL -

BNRLVORELELE, TOED, BHEE2 NMP i E X BEX1T
2k E B, FRPROKLESER, L L oh iz XREEEIE
Bk, MEZOBEOBMUEERIER %L Table 3 IZR T,
FERLEBSIFBRIVTRODMGR L RET VI VRER
HEFRETHY, 70 P REBHBERICRTE TH- 7, L
ER-OT ZOHEAEBIZBFEF v X FEICLZHBERES T,
ERREOBHTHDOMRNSR L A5 HHELICH L THERN%E
CEREMR LRG3,

383 NR—R—RL—varviER

PLERR=Fgiz kv 4 L7 PAI-g-PDMS [E% HW T,
PV BIZ L 5 8BT Va2 —NMLEHMDOKRBRE LT & F sk
BIRDO BB BERY T » 7=, PAI-g-PDMS(1)~(4)2 b ER L 7=
PDMS ${EMNREALZS 4 BOHXESEKBIC OV TRALN,
PAI-g-PDMS(4) i PDMS EF MR B WD IRF LN HE
M 5HMEALERTIEXEETH-E, IoT, PV Fi&
EE I PAL-g-PDMS()~3)D 3D £ EAKBIZ SV TIT»
o £, THa—NMLBHELE LT, TRENIZHTFHA XL
BHERERDAF ) — (MeOH), =% /— (EtOH), 7
o7 Ara—v (n-PrOH), 4 Y 7a AT Va—
(i-PrOH) ., 7F A7 z2— (n-BuOH) B X O tert-7F v
7aa— (t-BuOH) #AV, ThbOF/mBKBEROFZ @S
HHOBWERM L,

PAI-g-PDMS(1)~B)ED PVHIZEDREE, by MEKOEE
HBLEbLDO% Fig. l@QKRART, WThoXESKRLAEYD
BEBMEERL, TOSHAKIZ PDMS#ESEL D IE2N
TELL ZR32ERARRALNE, &> T, PAI-g-PDMSQ)ER K b
BONMMEEZTRTIENH -, T2bb, EAE KD PDMS

MeOH [}: EtOH
B8 : +-BuOH . : Acetone

@ : PAI-g-PDMS(1)

® : PAI-g-PDMS(2)

FHEBRL BRI ONTHEEFTmMLBEAMED PDMS i< B
bh, BEBOFED L ORI RT 570 SHEENRR
rFBeELIONS, —F., TAa—L{LEYOEEDOENIZ
L ADEEK O KN EH B L, n-BuOH>n-PrOH > t-BuOH
>i-PrOH>EtOH>MeOH DJEL 2V | RESFBRVESRD
TAa—NEBEDOSBECRICHENTHDIZ B, £
o, TR FNCOKBBOSHMTIIELEEVDHREERLTE
by . PAI-g-PDMS BT BRAKYME D B WA S KBRO S HEICH
HThHhdLBbhA, .
WRIZVIVHFA VEHESED PVRIERRICOVWTRRS,
BAEIT. b EVBRMEE R L PAI-g-PDMS@Nzv U 4 5
A PERASEDILICEIVERLE BB ERT BRI,
ESFBEBEPTYI IS FORBAPIEREICERE, BELE
DBVKERBFII—MEIC LTS, BOKEICY YA TA
FRREo BB L ok, BABOEENEFRMSE (SEM)
EH% Fig. 212777, £2C, PVHIER., HEeEBEoXE (¥
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:n-PrOH Jl:iPrOH [l: n-BuOH

® : PAI-g-PDMS(3)

@ : PAI-g-PDMS(3)/Silicalite hybrid membrane (28.3wt.% , obverse)
® : PAI-g-PDMS(3)/Silicalite hybrid membrane (28.3wt.% , reverse)

Fig. 1 Comparisons of separation factors in the pervaporation organic liquids/water
mixtures through PAI-g-PDMS (1)~(3) membranes and PAI-g-PDMS/silicalite hybrid

membrane.
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Table 4 Results of pervaporations of aqueous organic liquid solutions through PAI-g-PDMS(3)
membrane at 50°C. (membrane thickness: 210 um)

Composition of organic
Organic liquid liquid (wt.%) o* J*x10? P*x10°
in feed in permeate kg m?h! kg m m?h’!
Methanol 9.89 342 4.74 2.13 448
Ethanol 9.44 43.2 7.30 2.40 5.03
n-Propyl alcohol 9.83 63.1 15.7 4.08 8.56
iso-Propyl alcohol 10.0 49.7 8.89 2.74 5.76
n-Butyl alcohol 7.08 74.4 38.1 8.37 17.6
tert-Butyl alcohol 14.3 61.3 9.49 4.59 9.63
Acetone 9.13 78.5 36.4 6.82 143

* o separation factor, J: flux, P: permeability coefficient.

Table 5 Results of pervaporations of aqueous organic liquid solutions through the obverse side of
silicalite (28.3 wt.%) /PAI-g-PDMS(3) hybrid membrane at 50°C. (membrane thickness: 399 um)

Composition of organic
Organic liquid liquid (wt.%) a* J¥x10? P*x10°
in feed in permeate kg m?h! kg m m?h’!
Methanol 9.81 433 7.02 2.18 8.72
Ethanol 9.89 53.9 10.7 1.94 7.77
n-Propyl alcohol 10.1 40.6 6.08 4.08 16.3
iso-Propyl alcohol 11.2 449 6.46 1.66 6.64
n-Butyl alcohol 7.08 71.3 32.6 4.71 18.8
tert-Butyl alcohol 11.9 34.6 3.92 2.15 8.60
Acetone 6.77 81.5 60.7 4.90 19.6

* g separation factor, J: flux, P: permeability coefficient.
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Table 6 Results of pervaporations of aqueous organic liquid solutions through the reverse side of
silicalite (28.3 wt.%)/PAI-g-PDMS(3) hybrid membrane at 50°C. (membrane thickness: 399 pm)

Composition of organic
Organic liquid liquid (wt.%) a* J¥x10? P*x10°
in feed in permeate kg m?h! kg m mh!
Methanol 9.86 29.7 3.86 4.09 16.3
Ethanol 9.69 56.0 11.9 2.07 8.27
n-Propyl alcohol 10.0 49.6 8.86 5.69 22.7
iso-Propyl alcohol 9.68 354 5.11 2.96 11.8
n-Butyl alcohol 7.08 40.0 8.75 8.20 32.7
tert-Butyl alcohol 12.6 27.8 2.67 5.18 20.7
Acetone 9.63 76.1 29.9 2.93 11.7

* q: separation factor, J: flux, P: permeability coefficient.
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