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Abstract : Copolyimide membranes of different chemical structure based on pyromellitic dianhydride(PMDA)/methylendianiline(MDA) were
prepared by varying their chemical compositions with adding meta-phenylendiamine(MPD), para-phenylendiamine(PPD), 24,6-trimethyl-
1,3-phenylenediamine(TriMeMPD) as a co-monomer. The Nz and O permeation properties are qualitatively correlated to specific free volume
and intersegmental distance of membrane. The partial replacement of MDA with MPD or PPD caused in the PMDA/MDA based
membranes increase in density, and decrease in free volume, d-spacing, consequently resulted in decreased permeability coefficient. In the
case of TriMeMPD, opposite results were observed. In all membranes, the permeability coefficients were pressure independent, and mem-
branes which have high permeability coefficient showed low N/O- ideal separation factor as an usual manner. The permeability coefficient
also increased with temperature and No/O» ideal separation factor decreased. The increase ratio of the Nz permeability coefficient was larger
than that of O
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Fig. 1. The structural formula of monomers and solvent.
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B o)A A8 pyromellitic dianhydride(PMDA), meta-
phenylendiamine(MPD), para-phenylendiamine(PPD)& Aldrich.
Chem. Co.9] A|2kg ZZF 160T, 80T, 80CANA 2441 &<
Zratdl Azste) $3AA AHEs k. Methylenedianiline
(MDA)$} 2,4,6-trimethyl-1,3-phenylenediamine(TriMeMPD)+
Aldrich. Chem. Co.9} Al°F& 999% ¥3gd =o AZAs
o Agdtgch %71 &9l N-methylpyrrolidone(NMP)-&
Aldrich. Chem. Co.9 anhydrous, ¥5%E 1% A3t
(Fig. 1).

2.2. Polyimide &4 % 9tx=x

Diamine ©EAZ Table 1¢ Yeld EAstzz ste
copolyimide®) EZAulz HA EH7IsA 480
NMPol 2A1ZF F9F &3 8314171 t§  dianhydride®
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Table 1. Molar Ratio of Monomers for Polyimide Synthesis

Nonomers| L \iDA | MDA | PPD | MPD | TriMeMPD

Polyimide
PMDA-MDA | 1 1

PPD(20) 1 08 | o2

PPD(40) 1 06} o4

MPD(20) 1 08 02

MPD(40) 1 06 04
TriMeMPD(10) | 1 03 01
TriMeMPD20) | 1 08 02
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2.3. B4 49

Ubbelohde =2A|# AEA(Schott, German)& ©]&3}d
NMPel 5% C7F 05g/dl2 &AM ¥ polyamic acid &4 %4
) A S (relative viscosity ; 7)E 30TCoA ST 2HA
% (inherent viscosity ; 7wn)E Inz/Cldl/g)22 gt

R 24¢ 58 g3oju=sle] 93 PAA7} polyimide &
AFRE=AE 59t 28 de9] ABE Genesis Series
FT-IR(ATI mattson Co.)& AH&3t] 400~4000cm™ H 419
wavenumberol A spectrum& #FE3$t} FT-IR spectrum®]
A4EE d9do)A 02cm 2 16scand] BFAE Halgrh

EZgolv|zute AEE 2A487] sty YETuiEE(density
gradient column)$ AHE-3tATE H|Fo] SAsHE Eeolin
cute] UTo] AYSEE v|FAol7l 2 carbontetrachloride
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Fig. 3. Flow chart for the preparation of polyimide membrane.
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Fig. 4. The schematic diagram of experimental apparatus.

Table 2. Inherent Viscosity of Polyamic Acids

Polyamic Reaction concentration | Inherent viscosity
acid (wt%) (dl/g)
PMDA-MDA 15 152
MPD(20) 13 140
MPD(40) 13 141
PPD(20) 13 1.50
PPD(40) 13 161
TriMeMPD(10) 15 151
TriMeMPD(20) 15 149

2.4. 5ot &Y

F3 cell& MilliporeAte] high pressure filter® 7% 3ho]
AHgatgon =R Ao gL 10000 psigel™ & =i
A 1256 cm’olt), celle] F2E ASY T REoZ Yol
A en, 4g Qe F A7) Yatd T 9 O-ringol
el lojA 4& boltZ ZolA Hol o

v AP AHEE FAEYZAE Fig. 40 YERIA
%9 gas bombZHEH W& gasE regulatord] ojsf YA
HoZ 2z %o B cellZ So7tA 9o 4Y z2@L
SEE 30, 0CTE #3gnr ¢EL 10~50bar HeelA 10
bar % & WA AT} back pressure regulatoro] 23 i)

o =2 kI

A4 LY. FALE ok A9 EREE Agme)
YL wrltes fAsE oo WsE olgahe gAY
o =)

3.1. 24 34
3.1.1. Inherent viscosity

NTAN 05¢/dl F52 84ste] 233 PAAY LGAE
E Table 29} Yeplith AFHAEE 15
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Fig. 5. FT-IR spectra of polyamic acid and polyimide.
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Fig. 59014 polyamic acid% polymide®] IR spectraZ
eyt PAACIME EA F5m(absorption band)7k 3200
em MO-H stretch)® 3350 cm '(N-H stretch)oll A @2 AT
o Holu] E3kA17) polyimided A+ olml=9] §A 391 1780
cm’(symmetrical C=0 stretch), 1380 em {C-N stretch)7} o

250) 39 olv=8 HASE & & AT, 8
3.1.3. feElMo|2E
DSCE olfatel 4@ Eeolv=the] felucleEs

Table 3¢ Jehiies PMDA-MDASS 7|52 2 phenylene
diamine® A7tol wet PPD > TriMeMPD >MPD €02 E
% A7bElE ool ZFuhgtel wel fel dol 2E7F FUHEHA
tH(Table 3).

PMDA-MDAZS MDA ¥ 7H9] phenyl ring Atolel S
= -CHr 9ZzE7} FHd fFd4E -zr“ st e PPD,
MPDE 3H}39] Phenyl ring 2 ©]59] A3 Fxol7] W
2o Ao 2EE ZUHAT ALE HQVJ‘:}. PPDe #7}
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3. 1 4. 2z ¥ JHREH(VE)
T 30TAA —?6& WEg olgdte | EH VE T F

Ve=V— V2 olgatd A&7 Ve AN od W
= Bondidl 9& Ru® 4xdriodo) gl AArE Van der
Waals volume(V)2] 13824 At&3t%

SFV(specific free volume)& ©$ AHFFY AFEHOE
SFV=vyme2 AXgon orq ME& WETEDS
(repeating structral unit)®] £2b#elil, FFV(fractional free
volume)& 2EzL A v AH G X}%%@aii FFV=VgV
o2 o4, 11].
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Table 3. Glass Transition Temperature of Polyimides

Polyimid PMDA-| MPD | MPD | PPD | PPD ({TriMeMPDTriMeMPD
ovImidd vpa | o) | @o) | 20 | 4oy | 10) 20)
T T) 330 336 | 340 | 343 | 357 33H 339

Table 4. Density and Free Volume of Polyimides

. densitvj Vi Vo Ve SFV M
Polvimide 3 . 1 FFV
omice (g/em’)|(em’/mol) (cm’/mol){(cm’/moD)| (cm’/g) (g/mob)
PMDA-MDA | 1337 | 20162 | 262.11 | 3571 ]0.0939|0.1255)380.34
MPD(20) 13% | 18062 | 23481 | 32.35 10.08930.1211}362.32
MPD{40) 1371 | 16994 | 22092 | 41.38 }0.0877]0.1202} 344.29
PPD(20) 1364 | 18062 | 23481 | 30.80 10.0850(0.1159|362.32
PPD(40) 1381 | 16994 | 22092 | 2837 [0.0824|0.1138]344.29
TeMeMPDA0) 1.327 | 18367 | 24527 | 3658 |0.0974(0.1293|375.54
TriMeMPD(20) 1.319 | 186,85 | 24291 | 37.52 |0.10120.1335370.73

o

ote] WEol Z-H44S Table 4% 229, PMDA-MDA%
S 7]1%02 PPDY MPDE #/H3e ¢ AF829 Fad
Uehgol=dl, o]E MDAY 79 5 79 Phenyl ring Akl
o] bulky groupq! -CHo-717F #7ksjol n¥a F43te] S
AT 2 A@sd FALY AYE ZA sk wete, PPDY
MPD+ & 7ll9»] phenyl ring®] FZo]7] W&o} L&A F
ko) 4 2 Z7HN 71 BA @99 AHE8E ZAA
2. 53, PPD4 para-¥i&e] AA FZ7} wigge] A
w7} Z7kd MPDY meta-#3e] F2RT 54 4=/t 22
2 A{eRY ZA AEE ¢ 2A dEgT

PMDA-MDAZ-& ]Zog TriMeMPD2] #7}=  phenyl
ring %99 bulky group$] -CHy7159 #7t2 R84S &
7+ 7 tH(Table 4).

3.1.56. XRD &4

XRD 24 A7 Fig. 69 WA #2 gd3axs 259 &4 o
g4 °‘7H FHRE Yehy, 23842 AY geE 9ol
sl BE A2Ed fig 3E3Me Fert A9 vz
TE P59 g RERAE AY H&EtE AL ¢ F
9ITH17]. Bragg 4 nA=2dsin6 g o]&ste} T3 d-spacing
Fe nBAY A&Atolel FF A ARE Yehid

Table 591 Yep ATt

d-spacingt& ©dEA o PPD, MPD9 H7te] wahA
o 2 Jdeht AFaHe Zae A4 #HE AE F 3
23, metaAl QBT paraAl Gl A d-spacing %9 Tt ©
2 etk TriMeMPDY H7be ofx n#a A=Y
Agg 2A st B AFEH-E FI7HATIH, d-spacing

e Z7PNZHTable 5). @2k polyimide el d-spacing
e ohel A4H3 ARde Fe IALE ¢+ An
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Fig. 6. X-ray diffraction patterns of PMDA/MDA polyimide.

Table 5. D-Spacing Values of Polyimides

Pelvimie | PMDA| MPD | MPD | PPD | PPD | TriMeMPD|TriMeMPD
OVIMEE )\ MDAl @0 | W) | @0 | Woy|  ao (20)
dfs(pzc)mg 493 | 481 | 476 | 473 |461| 501 508

3.1.6. 3FAAXILZ(CED)
Zb aro] &3 u1 A U = (Cohesive Energy Density)E group
contribution®]l 98 T3 A} Table 63 Zov], PMDA-
MDAZS 7|$22 MPD, PPDY 717t 71842 CED#:
o] A%, TriMeMPD7} F74& 45 CEDgto] Zepxlon o
CED%M FHEFE EAY AEargEo] Zrlsle] 1
EATY o] AzHH uFA &S TF 714
:‘%Z}P—] Tl At Fof, FAAFIL Aol S A T
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Hm e
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PPD(20), PPD(40), MPD(20), MPD(40), TriMeMPD(10)9] A
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Table 6. Cohesive Energy of Polyimides

Potvimide | PMPA|MPD|MPD| PPD | PPD | TriMeMPD) TriMeMPD
) ~MDA| (20) | (40) | (20) | (40) |  (10) (20)
(;IC?::}) 364 | 382 (405|382 405] 348 34
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Fig. 7. Effect of upstream pressure on permeability coefficients

for O» and Ny with PMDA/MDA PI membrane.
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Fig. 9. Correlation of permeability of No and O» with free
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Table 7. Permeability Coefficient and Ideal Separation Factor
of OyNo in PMDA/MDA-Phenylene Diamine PI
Membranes at 30T, 10bar

H)

FE -3

Table 8. Permeability Coefficient and Ideal Separation Factor
of OyN; in PMDA/MDA-Phenylene Diamine PI
Membranes at 50C, 10bar

Permeability Permeability Ideal
coefficient of O» | coefficient of N2 | separation

(10" xem’emy/ | (10 X em’emy/ factor

cm’sec cmHg) | cmPsec cmHg) (Oy/Ny)
PMDA-MDA 387 0818 473
MPD(20) 3.02 0.801 481
MPD(40) 263 0534 492
PPD(20) 2.39 0.464 515
PPD(40) 1.17 0.209 5.60
TriMeMPD(10) 482 1.12 430

3 "L o]&ste) T3 d-spacing #old, o] g
Aol 9] Jéﬁw} 7453 A so] Rk

g 24843 d-spacing &S F7HEIHS
o D}a«l %H TnMeMPD(lO)>PMDA ~MDA > MPD(20) >
MPD(40) > PPD(20) > PPD(40)2 Yebyth At 249 &3
A4E 2o X2 yegornz 99 SAXNER 714 F34

As7tols AR Adido] 922 4 F I
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d&A2 EdGump)el J& olFAX L, o|HF Tk ¥
2} e A A o8 g D8R AFETRY &
Zole] Mxs A7) A5E F4F AREHA 2 dow,
gAY fgAE ol 1R AMEEY ZHAC 2l
. & o]gdhE nEA A& Agst Hold4E nEA

a3 A 9 3 Al 1 3, 1998

Permeability Permeability Ideal
coefficient of Oy | coefficient of No | separation
Q0" xemleny/ | (10 X emPeny/ factor
cmisec cmHg) | cm’sec cmHg) (O/No)
PMDA-MDA 581 147 3%
MPD(20) 456 1.13 404
MPD(40) 421 1.02 413
PPD(20) 4.09 0.908 450
PPD(40) 212 0.464 457
TriMeMPD(10) 713 201 355
6.5
6.0 -

2

2

Ideal separation factor (P, /P, )

35 T T -

8.0 8.5 9.0 9.5 10.0
SFV (102 cm®/ g)

Fig. 10. Correlation of ideal separation factor with specific
free volume in PMDA/MDA-Phenylene diamine PI
membranes at 30C.
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