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BT SUE REAAR 4 ] 05 AT A, JF i S 4 SR 0y ik il 4 T EEE S AR 4 ] 05 KR SR X R T R

TR W R fRSUbE (PBT-PDMS) JL g, A ] H-NMR, FTIR,, SEC 45 T Bt RAE T HL I Py i 2 i S 43 7
T DU RY) AR} 3l i Bk 100 T8 B IR RO T AL B, 91 SEM RAE T LR Y
5 R AT 25 K. IF 1 il EE R Rk BE X 8 2 1AL OS2 . 1% 38 SR W15 i3 AR B K v i AR B 23 2

IR F- 1] ik 491,354 58 g/ (m’h).
@R M[4]354, PDMS, PBT, X, BB AL

AIEA S B IRAL G Y AR R} (H 2R
S G Y R O G N B R
XA AT & B R AT S A LRR. 22
I FH B 77 328 B0 W B 36 A2 SOOI 92, SR 1T 3 8
THERCRIBAR REFER . BB TR AL I —F i
BT TR B AL AL G W A MOK I R 2 BR
R A VLY 7 T EA mRCR MKEEFE XTIEE A
TRAE AR ) B B VAR T T X K e
AT AT B T 2 B AR T AE W T T, — 2 X
JEAS By (A, BV 28 A0 45 A S 1 0 25 PR RE
TR SIS S B AT, RRER T TR IR RO B IR
i R JETT Vi R i S5 PR X 4 B R R B . S
S RESUbE (PDMS) BRAT 45 55 IO e 5 1 RN s i
P, X A& PDMS BAT Ze Pk ik S BE , 5l T 2
SRR, H RS YIA B 57K 10 KA — % i 5 Al
PEFI 0. {0 PDMS JEA4 B LIRER 11 , i 5.2 25
HEREM A BT 1 2 (], LR 2 TAERIZE T
PDMS B () el PEIF 5T 505 1802 fh 47 T4 2R B A
JCIH AT BRI 8 — R 2R 55 B KM &
. VR SCHRHIRGE AR D5 18 R AV R s 5 A HL
S FEARE TR S TR R
FEGAEGY R FEFYE LB EERH, &M 05 it
TR RS PDMS JRAE 7325 7K W i AR (R 9T H
TR ROR .

ASCRAA R T, G T —For il =

oYy K FEE A4 ] 7 R T, BT R
FER T —Fik (PBT) & PDMS % B 3 414y $:45
B 41 B R4 F & DL H-NMR, FTIR Fil SEC
HEAT T FRAE I LA LR Y R A RL 58 T8 15
TR R X K R 2R Y 43 B R .
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RN IE BRI (L st R TRA
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L2.1 XPRUTHEM4] R MER SR
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B A 10 g (15. 4 mmol ) X AU T FEHF
[4]554%,6.6 g (35.5 mmol ) X HI At iR FH i ,
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Scheme 1  Synthetic routes of 5,11,17 ,23-tetra-butyl-25 ,27-dimethoxycarbonylmethoxy-26 ,28 -dimethoxycalix[ 4 ] arene (3)

6.3 g (44.1 mmol) JC/KAEREREN ,250 mL & i fk
TBET R O RS T 80°C 113 48 h,
FAF IR 208, 25 T U8, 15 2R 1. M=)
M =AW BE B, 56 fa FIRG $h R N 25 B /K &% Uk
W3 AN BRI B T4 s , i o k&,
BEGLVE , DUTE)TE FL 25 MEAR v T8 5 15 21 B @0k
SRS 11,17,23- P T 525, 27-— 4326 ,28-
THERM (4] 9508 (2) 7.4 g, 7% T0%. 'H-
NMR (CDCL,,8): 7.18 (s, OH, 2H), 7.05 (s,
ArH, 4H), 6.75 (s, AH, 4H), 4.28 (d,
ArCH,Ar,4H) , 3.98 (s, OCH,, 6H), 3.35 (d,
ArCH,Ar, 4H), 1.30 (s, C(CH,),, 18H), 0.95
(s, C(CH,),, 18H). MS(ESI) m/z(%): 700
(100)[ M +Na] .
12,3 5,11,17,23-PUf T $£-25,27-— H &8 L
H 14226 ,28- I AR [ 4 ] 702 (3) 945 1K
18 500 mL [B S B i A ZBEALAr[ 4 ] 55
$£(2) 6 g (8.9 mmol) , MLTEHTER 2.9 g (26.7
mmol ) , A7 0. 6 ¢ (3.6 mmol) , TL/KEKEEER 10
g (72.5 mmol) , ZHRMREE T4 1Y N IR 250 mL, 7E
TR 80°C [HI 48 h, R NIk, iUk, 2%
TRV, AR B KL — A e, o

o? \ 0

PDMS, DMT
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Je IR R R AN 2 B oK & e 3 Wk, A HLAH
BREE TS, b Uk ks , 1P BEDCTE , TUTE Y TE A
23 AR TS AR B O AR 5,11,17,23-1
AT HE-25,27- WA R B FH 4 226, 28-—
AHM[4] 592 (3) 4.7 g, 75K 64% . 'H-NMR
(CDCL,,8) : 6.46 ~7.13 (m, ArH, 8H), 3.13 ~
4.54 ( m, ArOCH,, COOCH,, ArOCH, and
ArCH,Ar, 24H), 1.05 (bs, C(CH;),, 18H),
0.82 (bs, C(CHy),, 18H). MS(ES)m/z(% ) :
843(100) [M +Na] *.
1.3 H£BHMHHE

ILRYI A LR B 2, 787 A ML RE Y
HAS AR R E P I AT ST FEAR[ 4] 55 k8 kb
AFA)(3)1.2 g (1.5 mmol ) , X 24 — F iz — P i
1.2 g (6.1 mmol) , X2 F 5 vii it 3R — Y e 480 d
3.3 g (M, =550,6.1 mmol),1,4-T " £2.8 g
(31.3 mmol) , KPR T T 4 mg fENMEALT]. RA K
N Ay BN B BE R AT, 55 — B Be TR 38, U AR
T 180°C i 3 h, S Br s 4 R (A LT
1000 Pa) , [RIA sz i L BEFH S &8 250°C, J 1% 3 h, %
HJEAS R . ML= DO S0k g v s ik I R
TMBETTVER RN 40 R ) 4. 2 g, R 65% .
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Scheme 2 Preparartion of calix[ 4 ] arene containing polyester by condensation copolymerization

1.4 HEENHE

0.7 g ARV RAE 3 mL IR IR
R 1 b J5 30 2 5 P J I A TS AR b, 3 3
DI OREE. BERNAE T, PR LS AR ot
F.

L5 HERFUHRIE

Bt R , LUTRARGE T MR, £ 25°C ), fif
F Bruker Arance DMXS500 spectrometer ( 500
MHz ) BRGSO R b AT 14

fH B AR 21 41 5 3, fd FH Bruker Vector 22
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8 L AR 2T ARG A T

BERC A, 78 25°C T, LAY & WK I 2k i 3l A
(¥ 1.0 mL/min) , i i} Waters 150°C {8, ji%{% 37F
AT .
1.6 HBEEHEEMNAEBESH

LB 53 125 FEE A R R0 v G B, 48 T i x f
JSM1025, JEOL Ha A% #EAT7 44
1.7 BERUZEE

FHETA 4] S R IL R BRI B B R R
TE EL AR 20 B P AT 0 MR e R e i A S
15.7 em®, JEUAA R AT phy 45 0 8 s ), JET 90
(1) FE58 4 60 Pa.

BB AT T 2 4R R A8 s s, 4 —
LR AR U R 2R A MR R, 43 R 100 x 107°,
300 x 10°°, 500 x 10°° 1 700 x 10°°, & BF K
40°C. 2 — 41 B8 SE R B, 4300 2 30°C,40°C
50°C F1 60°C., 2K 5 bR Mk BE R 500 x 10 ~°. BAANE
BRAL LI A E R 1.5 h.

JEE 1R 20 85 R 7 (o) A3 3 () Fh R T 22X
XY
_ ¥y _ %

%,/ %; AAt

Hodry, oy, Shadsad W rR R Y S5 4 BT K Y T
SPE, w0 R RS TR Y B R A BORIK Y BT
A3HC, AW, R kI B[] L S VR A S A SR R
AR, Av B3 R AL ]
1.8 &t il 4H A 9 £2 Sl

W25 1 W2 K TE K LR T, T A5 R T
HORAE 254 nm b S AMBOS R B AR IS A AE LB

o

CHCl,

HA AR T 23R 15 £ B h 2R By i R AR
ST 1 b v W Wt 2 A 5y = 0,004 +
1009:, Horf y S SAMROCIR B, v S A AE L P
Y SR TR

2 HR5UR

2.1 HEFEMEHRFRIE

XU HEF v 1Y) PDMS 3#F 47 i 52 46 19 395 1 AR
2 AR LU T AT Bk A s i ak A
LRWRR = AR PIT (R[4 ] 588 R ZH
g —Hls . PDMS) 25T 48 5 %Y &
Oy FHE AR P A g U 1 BTR. TH-
NMR ( ULIE 1) B 2R AF 535 M7 0 UE B T 3 — £, 3
XTT TR B R 0 d-d e e -7V BT
) BT L, 43 ) T 5 AR E () PDMS |
R[4 ]5 8 SR H iR Z Wi =AM SRR poT.
Hh,PDMS | 5 REEAZE ) RS 0E a, B[4 ] J5 12
RO T A HE b, DA R iR — HEER
R g WAR UL T B, X Se L SR BT AR AT
W FAAEE— 20 U B T 48 5 SO 1 BB iR A
[0 N L 1517 o oL S I A R N el
T RS B R IEAE 0. SRS R
SEBRE A, R R R R[4 ] D5 kR
PDMS = [#/4: I"/36: I'/42 =1:0.18: 0. 61 (I .[I" . I"
I3 SR RETE R Th I ¢ b a BB TIAR) SRS
B IRCR R 120,24 1, AT IR X A4S = o L5
R Z X R W R R LR A T M, H
UGB [4 ] 75 I BTG, 1 1 Je IR Y 2 DA TE A 7 =X
47519 PDMS HLJE.

Fig. 1 The 'H-NMR spectrum of copolymer
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Fig. 2 IR spectrum of the copolymer prepared
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Fig. 3 SEC curve of the copolymer prepared

2.2 BERUEMEN
B2 TR RRE IR FH ) 108 7 2R DR s 1 8 0 I e
S B o A R R P T, 1 A R AR
. Wl 4 Fros BB 40 3 E#B 4, A
RGBSR YR Z LB 1 R N M
RN , DL R AR R S B TE g A |2 A Dy g
U2 LR Yy R B 24 R 90 wm, 2 JUT A (1 2
5 TOFLIEE.

Fig. 4 SEM image of pervaporation membrane
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A T, X 3 W O I AR B g M R AR T8
R AAE. AR B R AL anIE 6 Frzs, 28
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Fig. 5 Effect of feed concentration on pervaporation
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Fig. 6 Effect of feed concentration on permeate flux of water

and benzene



11 49] TR QA EHES A4 19520 PBT-PDMS &R (1465 Bl S HOGS 7 HA Bl 46 19 7 B P RE 5 1331

800 180
700t A 1160
_ 600} 1140 N:
5 J =
2 500} 1205
= A 1100 %
S 400+ / 0 2
= o 1 5
€ 300 O g
g ><ﬁ/ XN 100 2
200t A o s
140
100+ 120
073035 40 45 50 55 60 °
Temperature (°C)
Fig. 7 Effect of temperature on pervaporation
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JEXE BRI B R SE S5 R WL T, R I iR
YRy 500 x 10 ~°. 3126 D5 I Uk 2 11 A8 A LE B
W RE )AL A A2 2R AEL I A 8 32 i et B8 1) b
TH NS T R i e B IR A4 T g, EL R
JE ORI, HAE i Lk BE 2. ZE K45 F i o
AL DL I 8. DATEL 8 WI 7 Hh 2 o e i il A A8
A A~ BT A9 CTR] (H R s e A B R
ek 7o e B it R A2 A O B, MR 39 1 i
AN PO LA L. DALl R A R K 38 ) 52 )
(AL AT R TR PR

w
1

=16} 4180
N: D/-\D =
E 14} A -16()NE
2t 1140 3,
o ~
S 4120 3
S 00 £
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= 8f s
© o 180 &
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Fig. 8 Effect of temperature on permeate flux of water and

benzene
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BT EHEEM4]57 42/ PBT-PDMS 3
P, LA UBER, i # 7 T Bk
PR B BRI, e B 1 i) ik 491, # 1
W 58 ¢/ (m’h) . 38 i oA LR i 4L, W
DAL IR R AR D5 R ) 5 i LA R ISR W 0 B
T A5 i B8, AT B 4R o O 8 B 0T R A Y
PDMS JIE (1 73 B 840, it — 2B OB 5E T AR IE AR 2
fre.
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SYNTHESIS OF CALIX[4 ] ARENE CONTAINING PBT-PDMS
COPOLYESTER AND ITS PROPERTY FOR SEPARATING
BENZENE FROM ITS DILUTE AQUEOUS SOLUTION BY PERVAPORATION

XU Gaofei, ZHU Weipu, GOU Pengfei, ZHU Kui, SHEN Zhiquan
(MOE Key Laboratory of Macromolecule Synthesis and Functionalization, Department of Polymer Science and Engineering ,
Zhejiang University, Hangzhou 310027)

Abstract Novel double functionalized calix [ 4 ] arene derivative has been synthesized and used for the
preparation of calix[ 4 ]arene containing PBT-PDMS copolyester by polycondensation with hydroxy terminated
poly ( dimethylsiloxane ) , dimethyl terephthalate and 1, 4-butanediol. 'H-NMR spectrum shows that the
copolyester was comprised of calix[ 4 ] arene units, PBT and PDMS segments, which were linked by the 1,4-
butanediol. The copolymerization efficiency of the comonomers was in the sequence of dimethyl terephthalate >
calix[ 4 | arene derivative > PDMS. The weight average molecular weight of the copolyester was about 26000
Da,and the molecular weight distribution index was 1.9. A composite membrane of three-layer structure was
prepared by casting the 21.2 wt% copolyester solution, in toluene onto a non-woven fabric supported
microporous PAN membrane ,and drying under reduced pressure. The SEM micrograph of the membrane shows
that the thickness of the copolyester coating was about 90 pwm. The pervaporative removal of benzene from its
dilute aqueous solution was studied using this composite membrane at different temperatures and original
benzene concentrations. Due to the incorporation of calixarene units with adsorptive capability towards benzene
moleculars the pervaporation membrane was excllent for benzene separation from dilute aqueous solution; the
separation factor was 491 and benzne permeate flux 58 g/(m’h) using 100 x 10 ~° concentration at 40°C..

Keywords Calix[ 4 ]arene, PDMS, PBT, Benzene, Pervaporation





