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Poylsulfone¢] phenyl 32le] 2ztzt -Br3 -Si(CHa)y 715718 @A BPSi9
TMSPSfE %A stn, BPSfet, TMSPSf2t el BPS{/TMSPS Sdwutd g O,%
No8) EREANL A - v Qch, BPSIYS PSfutol ula] & ol F&aUdrag nge
H, ol #x A5 3 Aezte) 34 3§ Yo A& A™e] Frren
webA Abete] At Zasty) EojEa A9® 4 ok vrd TMSPSfete] 7 &
H7t & ~SilCHz); o Mgz A& AF8u7t HA pPSic £& S4% A4 g Vet
Witk oy wE FYgE RKol: BPSf8F TMSPSfE Hécodd zxg
BPSf/TMSPSietel 744 PSIRtT ojd#eldats ot 4% WA & 23 A4 g
vehligiek, nRAe) P2 Fa SAutel AuuAd Wiz AN nEAY ARy
¢ Rix A<E BREY d3 F35 AF0) AFRYY A APEE O F Ao,
3 specific free volme(SFV)# 8] 4@ 4ol Bt $58E ¢ + AR,

Abstract - The permeation properties of O2 and N2 were measured for
bromobisphenol A polysulfone(BPSf), bisphenol A trimethylsilylated polysulfone(TMSPSf)
and their blend membrane to investigate the structure-properties relationships. BPSf
shows relatively high permselectivity. It can be explained that the strong polarity of
bromine in BPSf increases chain packing ability. In this case the distance of polymer
chains is reduced by increasing of interchain interaction by induced dipole. TMSPSf
shows relatively high permeability. The higher value of permeability coefficients for
TMSPSf is due to the substitution of very bulky trimethylsilyl groups. The
replacement of phenyl hydrogens of bisphenol A polysulfone(PSf) with trimethylsilyl
groups results in higher fractional free volume(FFV). In this work, taking into account
the complimentary features of BPSf and TMSPSf, BPS{/TMSPSf blend was prepared
and the compatibility in mixing are examined. The BPS{/TMSPSf blend shows higher
permeability than commercial PSf, with minimum loss of selectivity. The miscibility of
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the BPS{/TMSPSf blend is confirmed by the single glass transition temperature.
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A% Bauel 443 H{Eoke IVF
o 09 N9l B4, COt CHuol ¥28 2 ¥
%, ¥ Jt22REY HAF FLE2 U¥o
"B £ glcH1-6l 53 0.8 N.ol #eioke
2 F29 83 d§ gYdn B
gich 3 ol {4 HoiE Huyd AT
(oxygen enriched ain¥ Y d42, A&
5y So AgPgozA uyAle AEE
gdFan, 5% M A AleEH &
# 3E7) APA AEE AxrFHVER A}
2% 4 9ok HA%3F 7 (nitrogen enriched
aine Ny 2Pz G ¥F7) Sl w3
Agoz AESHH, HY] HE FH4EY
2 AR ves] Ade ANgxgor de
olgsn Sl

HEglate) A% e %3S (permeability)sd F
A ¥ & (permselectivity)oll &8 AR,
e &5 2FEALY FF o] F ARE A
2 Aurgl 7 ¥(trade-off) & vebndich. & F
#x7t god FHMAYEr) va, FRAYE
7t ¥oed S3xE 9o ety FIRE%
FHAYEE FA g7 A, 2= F <
2AF9 § QAate] FAE Lo FoAA
ga dxg 2A A7 98 JS F2
44 (facilitated transport)7], M2& &
ghalg el A Fol fF ATV €L 53
ZFold, wAlge iy |dsy LA F
%9 %83 s)A(chemical modification)o] th
§ dF7E HA Fsrsta flcHB-10]. o ¥
A7E3 el nEzR EWd(blending)el
#§ AF= s APFoid{2ll]l ¥R
2igde 5 a¥A 4o 5A4E o848 F
ActeE FAE A den, F8§4el e
Al (miscible system)o] ¥ FPE A &Ho
2 28531 AH21213] .

Yty o2 Held pEAE & HYxe}
g3, ey AL JtNa ded o F
bisphenol A polysulfone(PSf)2 Al =7} 39
g1, fFeEldoleE(TY7t &¢ W& &34
dqrel xzo] 715EY, 4Pz FAE
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blend, membrane, permeability, modification, bromo, trimethylsilyl,

O¥Nz, CO/CHs 5 ti¥t FRXYEr} vl
3 Hoe FAEE /MR UY 53 ey
MAo] v N o R FAlgd Ry A
A2 A (electrophile) & XN @AFoE2M A8 F
9 71%%7E 7HIAE IERE FAHAE 5 Aok

2 ddMe PSfe phenylnlo]l Zz}
-Br3} -Si(CH3)s& X8+l bromobisphenol A
polysulfone(BPSf)3} bisphenol A trimethylsilylated
polysulfone(TMSPSf)& Ed 932, & A=x3
o 09 N2l FHEAHE ZAIJNAT o™l
WY ¥ ¥ bromobisphenol A trimethylsilylated
polysulfone(BTMSPSf)gte] 74 7]&e] PSS
o ulE 71 FAEAHL Iy, FAAA
o] oYt dHE 7k UAUTHI4) =
A B dFdAMEe BPSIY & MYz}
TMSPSfe]l & %3%g HAs71 S8l
BPSfs} TMSPSf& Ed9dgezAy 5% O,
o} N9l ¥E4& Ad % HEE Mestn
a2} st} .

on.o

2.1, Polysulfone2! st&t& AW

B Ao A}49 bisphenol A polysulfone(PSf)
& Amocortel Udelr P-35002.2 4, 150Te
FOoBAAN 48A7 ol BEF F AL
t}. Tetrahydrofuran(THF)L &3 Algg& 4}
£3t9 20, benzo- phenone® sodiumo 2 A
A F  Ar&3%ch.  Chloroform, bromine,
chlorotrimethylsilane(TMSCl) 8 o & A<
e 57 Tt 97 ALdE adiz AHEEd
ot gAg z2Ae Fz2E 'H-NMR(DRX-500,
Bruker) & ol#3 E43dd. ol frie
CDCL, VI¥ E2832%F TMSE AHEsiath

2.1.1. Bromobisphenol A polysulfone(BPSf)
9] #44{15]

PSf(33.15g, 0.075mol)& chloroform(180ml)
of 884170 ¥, A2l bromine(12mhE #H
78k, Bromine® ¥7tgT FAlol HBroj
A4 717 RABEY, o] THFEE UM F
oF Wudlil, methanol® FAHE AYAA
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BPS{/TMSPSf #US28 E¢ Atao Aie) 5384y

BPSf& @A AAgG  Folgle
bromine& A A37| Y THFS methanol-&
AH83te 4-58) A AA X, BPSfe 4
BLE WFLEANM ol Axsgd. 1
¥ 1°] BPSf] $A#AH sty 328
"Ehi A},

j o

BPst
Fig. 1. Synthetic scheme of BPSf

2.1.2. Bisphenol A trimethylsilylated polysulfone
(TMSPSH 9 4 (16-17]

PSf(12g, 0.027mol)& A A ¥ THF(403mL)%)
ol ¥ o] goo] @  BH23IF dy
ice/methanol bathel go} -50C =2 WzAlz
o ojukg-& 1o 22 @2 n-BuLi(10M
in. hexane, Aldrich Co)& ZA¥3] mytstdA %
€8 goj=3 g Fithiation) A1t 4%
LiPSf £ a}3e] TMSCIE 7S % 14)
T Az AP3] 2AZ Y. Methanol®2 A
€& AN F A A3 g wEgon,
o] $4E ARFFE AFLEHA &FolN I
Z&4d. 298 29 TMSPSfel #4343}
ety Fz28 Jehydct

:2.2. BPSH/TMSPSf = H=

2 ATy EJdg wye g4 Hug
(solution Dblending)2.2 4, A HA48
BPSfe} TMSPSfE Z+zb 50wt%4 chloroform
of S#AIA EJWP3NT. B HL8AHE
gelslyl 98 DSC(DSC-7, Perkin-Elmer)$}
FT-IR(Bomem Michelson Series)-& ©]& 3}
ARE #4319t felAel2x=E DSC ¥
MAnzHE 430 Azl F0H A
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A= $ 4 ¥ (mid-point method)sll 2] &)
Z24sgch X+ 20C/ming £52 4238
Koo 234 WAL 100-250CE 3yt 2
T BAHL Indium$ A&t

kem
OO0

LiPst
JTMSC!
Si{CHa)s
‘ s ‘ 1
OO O On
Si(CH3)s
TMEPRI

Fig.- 2. Synthetic scheme of TMSPST.

23 galyt A=
geots AzE WA A7 A% 2w
(BPSf, TMSPSf, BPS{/TMSPSf &4d

=)10wt%)9] chloroform &4& 2WE ¥, &
vjel Zrg JAn gAY 7IEE QUiF7]
A8 JZdol @, ARe g H3
oo DA &4 F¥(casting)dtil, Ll
o] F¢g AHINUA AL BYrIslA & ¢
o] #ZIAAU. Yo] FAHE F AFLE
315 o) R wud o} = FF &
e AA#Ht 22fn HFHog 155CH
A LEE &YW X ¥ Yeld %
g% 4g A, Az T dr:=
water-calcium nitrate £z HYH Y=
density gradient columng ©] &3] 25ColA =4
Rt dxe] HAE 98 09789-15992
g/em® Abole] 87e] B2 fETL ALEEUCH
Water-calcium nitrate §94& AH8¥ H$ =3
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e dx9y HHE 10-1609H17). &R

AgE U4 dxst ¥e& 84 3 ¥ Mg
Yol FARY o INLF A8 U &
B 2 AA A&7t AARA o

1. Needie Valve

2. On/Oft Valve

3. Pressure Gauge
4. On/Oft vaive

5. Permeation Celt
6. Water Bath

7. Sampling Port

' 8. Needle Vaive
9. 3-way Valve
10. Capilllary Tube
11. Vacuum Gauge
12. On/Ott Vaive

Fig. 3. The experimental apparatus for
permeability measurement.
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2 Age AlgE F3(E AF 2F AAE
a9 339 2o 1A Belgdg R Ao dX
3tn S3RE AF Hd=z nEd 4. 29
2 534 E S0 1UIgez Aem, 4Y
Z3719 48 AolNg o83y FFHY ¢
g dAHRA [FAAA Eoh FIFH2EH
#3249 71N 53 Ao ZAAH e BY
og F943ld diZigle] £#3R2 Yoo, F
IE 71N %€ A7) ¥ A e
ol 382 Ruwatg M@ N9 1-propanol?l
Ae4x2iy 23R 7N Bge
Aaaeol SEsEE FEFP Aol AAF ¥

o 243 oW AT As: AN F
H5 A% Hoish A2l o8] ANssch
Y AR
P = oalL W
_ ndz 273.15p, ‘dh
=44 T 76T dt @
714 Jlem*(STP)/em® - secl=  AAHAejol

TEHRE o EELEUSTPIAA LAPADTFL
3 7149 Folnl, Licmle %o F4,
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dicmle 2489 A§, Alemle 53 49
3, TKl= 4¥9<%, 2832 dh/dtlcm/sec)
£ l-propanold] RAE ¥44&T & JeEld,
B &3 A Pz Yol 258 3
0CTZ dAFA FHAR, 4L FIHY
4 g of 227147 A BsAFIRA FEA

m a3 % o8

3.1. I2X B

3.1.1. BPSfe] ¥4

At PSf& chioroformol %91 £
% 39] bromined AH7i3te BPSFE #AHA
T}, ojuf AW|EHE AR+  bisphenol A %
A 59 arly etherd ortho X2, o] 944
B ALY HAFE7] Ao o AAE
7} 328 AAHAA brominee] X = 73
28 #xolv}, #¥ diphenylsulfone © 3]
%9} arly ether?] ortho ¥ A& sulfone”] 2]
¢ AAE7) Ao 9 # bromineo] AEs
7] ojdc. ANgEE 'H-NMR 29 E(18]¢)
H3a AXo2RY AdsAen, 100% &
A& ¥ 4+ U

3.1.2 TMSPSfe] 4

PSfe] aryl sulfone 28-& ortholithiation&
8tAl A 8A719[16], 0T oldte) =M
PSf& n-BuLi®} #&Al71% LiPSfo] A€
ot. LiPSf carbonion®] 44& Hz@4e T
¥ 9899 Ydozte ¥UE F AN
o}, LiPSfel 2} %< TMSCIE H7pste] TMSPSE
& ¥Asdch. TMSPSfY 'H-NMR 2dEY
(19]1 -  bisphenol A9l I A= Ao wWAalx
ggtonm, 5= 031-034ppme F 709l singlet
HAa2RE -SCHawl XPHASE HA3A
t}. isopropylidene2} -CHs$} trimethylsilyl”7} €]
-CH:9] BHHuZ AT =& 63% A

32 2EX = N EAYYN £HK[Y9
oA

WA BPSfet TMSPS{Y] 484& dotrn?)
A U= fFMol&xel FT-IR AR E
ol &3 A, YHHo g R4 glE
H 3 =(immiscible blend)t} FEA4EA0] U=
£ % = (partially miscible blend)8] 3% &4 =
Ezte] fajdol&xrt 2 YeEuA Hiu 4
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BPS{/TMSPSf &=9g 33 4o Ahe F384

f£40] e A ¥ A fYgHolers}
UeldAl € ol d¥e] 22 EHE=9] 3
9 g e fYHlLEE HolE Hog B
o} AgAdo] AL & F UM FPHo|
5t Bz Ay fdele: 2dY F
22 Y(logarithmic model) € H &£ ¥ 4 UM
tH20). 2 A& o83 gt

InT, =x, nT,, + x; InT,, 3

A7NA, x1, z2oe FAE-&(weight fraction)&
gin, T, B FeAHolex, Ty
Tee 4 2EAL FAoxEE Jeldd,
of Agd 29 HIPc=e FHHLEE
181 Co)u}, BPSf$} TMSPSfe] #elAHol&x g
o AN digdsied ¥d& A 180Teldt =J
FT-IR 2433 %F phenyldl F4cl 3 1
a9 X W33065-3074cm HEREH A8l
i TFHY HRE IE F 3Udh

old dAp[14]dl N 71&E9 PSfe] EEAE
8AA)7)7] 9l 8] PSfel bisphenol A J & Ao
= -Br& A @Al7) 1, diphenyl sulfone © 2]
& -Si(CHaE X@A70 BTMSPSIYHE %
& CO:8t CHuY FHUEAL A A3,
CO»/CH; old2eld e 1924 PSf(a=22)
vd 10%3=E #42$ 9d, ERE Asc
8.0Barrer24 PSf(P=4.6Barrer)o} vl <¢f 2u)
AL Z73lqch. o] 2EE] BTMSPSfe] 71
a4 dozy H43dn 4HU, o1 ¥4
HAo] ojgdct= Sy E 7 Yot BN B
A7 N E A =7t B A Lol @
BPSf/TMSPSf EJ=9g& Axsigon, o &
A= g 09 N9 ¥3x A5 o] d¥
2]e1 & BPSfet TMSPSfe) gt wlm3alct.

Br SKClb)»
g {
«0tQ -0+
Br SUCHSD '

BTMSPSf

AZbA el i 0% N8l FHE AsFE
st g &A% o

FHE A ,
TMSPSf > BPSf/TMSPSf(50:50) > (PSf) > BPSf

- 33 -~

o]7]1M PSfel A3 ojde] |7 A21)g
a2 AHgEqc. whd olAREdAE 9
o Bl 3= Afo gAis) utdie #A4E
Bgd.  TMSPSf®e) e Ry &
-Si(CH3); o} @22 Q3 PSfHct & &
A2g 29 wE ol 4RIy BAEH 2,
BPSf%e] 7% PSfe} Hlisle o] d#dxtE
E¢toy FaxE 74349 BPS{/TMSPSE
HYc o He RiE AFe o]EeUs
7} TMSPSfs} BPSfel Alojzte 7Hicd. a9
49} 59 Z4z 0,9 Npol 5% A$g v
sgeon, Fix A9 v2Re AMNE o
AR 2 AR (Poo/P2)8 2H 691 vlms o
T3 57| FE AT oladReAR
@e #F 19 Jehiicd

® B8Pst
B BPSNTMSP$1150:50)
& TM3PS!

Permeabitity [Barrer]

Pressure [slm]

4. Permesbility coefficients of O; for BPSf,
TMSPSE and BPSf/TMSPS(5050) at 30C(
Barrer = 10"°ai(STP) - ca/sec - o - caHlg).

Fig.

Permeability [Bamres]

Py -
L & »

® Bpsr
W BPSHTMSIPS!(50:50)
& TuSPSY

Al a N

4

) . " ze 2z

Pr;ssure fatm]

Fig. 5. Permeability coefficients of No for BPSf,
TMSPS and BPSf/TMSPS£(50:50) at 30C(1
Barrer = 10 °cl(STP) - cw/sec - cf - cuHig).
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sesr
BPBHTMOPST(30:30)
TMSPSY?

p PO

o r.

Ideal Separation Factor

2 . ] £ 0 12
Pressure [Barres}

Fig. 6. Ideal separation factors of Oz and
N for BPSf, TMSPSf and
BPS{/TMSPS{(50:50) at 30T.

Table 1. Physical properties and transport
properties for modified polysulfones
and their blend membrane at 30T
and Satm.

T o° SFV* gppyt
Polymer Po' aounn
€C) _(g/em’) (cm/g) ()
T™spst 1696 1126 0147 0.167 514 138
gpss 1912 1514 0.103 0156 169 469

BPSH/TMSPSI 1815 1243 0.128 0.159 318 1.75
{50-50)

® glass transition temperature
'f bulk density: g/em’
¢ specific free volume, calculated from Bondi's group

contribution method
fractional free volume, calculated from Bondi’s group

contribution method

¢ Unit: Barrer{10 ™ em(STP) - env/sec - cm” - cmig)

! ideal separation factor

LRz A Ale)e] L] vy AL
A%, 71AY Roxe HdYxse Aedd F
A, A& AR agla Aedd JEaRs
Sl o2dd. 4l 29 nEAEL I
g} #EHolex, mEx AREI(SFV,
FFV)5& H 1o Ygulldr}. SFV(specific
free volume), FFV(fractional free volume)=

& Aol o3 ARHUAT

SFV =V -V, (4
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v-v,

FFV = v 5

og71A, Vo = 1.3 V,

Vo OKelM = E#}e] hypothetical specific
volume®] 3, Vy¥x Van der Waals volume®.
24 Bondi 9} group contribution
method(22,23]e]] ol#f Aidsdd. 2z Ve
Ay ExdMe nEAe w8 H(specific
volume)2 2 A DEzte] U2 RE AN
t}. BPSfe 3= AS$9 SFV R FFVES
g e @§E& ZHich ole fE AT Al
A% AlEte] 34 A 2E YR A&
Aol Frhstn WM Ab&zke] At T4
3l7] f&oletn MYY 4 v BPSfete %
Bx A+ AFENE Vo2 dE F 7}
2 a¥gAe gEFH ¥y =, TMSPSf%}
BPSI/TMSPSt #3= o] ¥& H34% A
v ®Hst & -Si(CHa)s7t spacer® 2Hg-3] ¥
9] Af5397 A7 qRrez B 4 qith

234%x As¢e SFV R FFVe] dig Auw
A WY A7 ARES Yol LA Uk
Lee[24]= 71Me] S35 AF9 SFVEY BA
E 93ln e gL Ag AAsAd.

P = A expl 5551 6)

A Aol At By 7149 FHo ©E A
gtoich Paullll]e 71Me &4x A4 T3
% A4 7t FFVe] d@dE Holx 2(6)e] #
ANE (NI o] &3\t
-B ]
FFV

P = A expl )
$ HoNE A'S B'e 71Me EF mE
Aol B d¥9 3¢, F3x AL 2
frivste) Au@AE wilr] s 29 79
29 84 Zz 46)7 (N ol &dd ¥
% A+ 9 1/SFV R I/FFVE EZEsI).
o A3 O B & UXel BRI At
SFVel Bt} 2 duge & & Adt o=
Lee[24]9) Ba}s}= YA §hc}.
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BPS{/TMSPSf §d=ut& 3¢ Aash d2e 5584

A TMSPSI
B BPSITMSPSI(50:50)
o e Bpst

In P{Barrer}

118FV

Fig. 7. Carrelation of permeability coefficients
with inverse specific free volume(SFV)
of Oz and Nz for BPSf, TMSPSf and
BPS{/TMSPS£(50:50) at 30C (1 Barrer

= 10"%cm®(STP) - cm/sec - cm? - cmHg)

& TMSPSt
W BPSITMSPSI(50:50)
® B8PS

In PBarrer]
.~

2
(1] 62 64
VFFV

Fig. 8. Cormrelation of permeability coefficients
with inverse fractional free
volume(FFV) of O; and N: for BPS{,
TMSPSf and BPS{/TMSPSf(50:50) at
30C (1 Barrer = 10 "em*STP)-
cm/sec - cm’ - cmHg)

v. 3 &

Bisphenol A polysulfone®] phenyl i.2}o}
42t -Br3# -Si(CHs); 715718 A@8AQ
BPS{9} TMSPSf& #4431, BPSf, TMSPSf
23 BPSf/TMSPSE Eil=gto] g 0.9
Noo) FHEAHE XAF-vjusgoen, g3
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2e dEg 43

1) #eldelLE9 FT-IR ¥ SEMe 23 E
T8 & 47 Alg€ BPS{/TMSPSf £
=g F84% $0W + A

2) 2} e g 7lae RAE A o
+9 €48 7HAh
TMSPSE > BPS{/TMSPS{(50:50) > PSf > BPSf
A Fx¢ Rz Ao AugAs
Qolrr] A nEae] A{HRe £
A& FZEY ZAn, ¥ dFe AL &
= A7t AlfRud F dUES ¥
Aqen B3 specific free volme(SFV)3#
o] A@gol Bl $EE 4 5 U
upetd ute] Ex® A$E SFVe goz
HE d&% & ddxn PZad,

V. d A

€ dFe 1999%dx Fridga gedF
B(AZET ) A de) 2d3te] FEHUL
5, old] ZAI=H Y},
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