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Synthesis and gas permeation properties of new
polybenzoxazole—polypyrrolone{PBO-PP) copolymer
membranes
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1. Introduction

To enhance the gas permeabilily and selecuve properties of conventional
polymeric membranes, many researchers have tried to modify  polymeric
materials with various method [1,23]. For polymeric membrane separation
process, the main disadvantage 18 the poor performance lo separale gases or
licuids with physical aging problem or inherent demerit. Here, we have
surveyved manifold candidate polymeric materials and  preparation method.
Ilere, we have found the possible formation of gas-—accessible micropores
{(microvoids or [ree volume) [rom chain disraption or molecular rearrangement
in a solid state {(power or film) of glassy polymers with chain packing
calibrated to generate organic molecular sieves. We have focused on to the
irn—sitiy thermal  conversion  of  some [unctionalized polvimides  (c.g.,
hydroxv-containing polyimides) into high performance polymers (eg.,
polvbenzoxazoles)[4], possessing excellent mechanical, thermal and chemical
stability in  a condensed  solid  state. For  this  reason, wo  preparcd
polvbenzoxazole—polypyrrolone {(PBO-P) bleok/random  (b/t) copolvmer and
researched their Oy, Nu permeability and their selectivity (Ox/Ny),



2. Experimental

Tn order o synthesize the precursor, functionalized polyimides, of r/b PBO-PP
copolymer, we performed typical two-step thermal imidization method. 44" ~
(hexafluoroisoproypylidene) - diphthalic anhydride (6FDA) was used for
anhydride portion. hydroxy group contamning 2,2° — bis{3 - amino - 4 -
hydroxy — phenyDhexafluoropropane (APAF) and 33" - diaminobenzidine was
prepared to give functionality to the polyimide backbone. After the func-
tionalized (hydroxy-, amine— group containing) co-polyimide was synthesized,
thermal treatment was carried out to make PBO-PP membranes. Thermal
treatment was carried out at 450 °C for 1 hour in an inert atmosphere.
Finally, hydroxy- and aminc-containing polyimides were converted  to
polybenzoxazole and polypyrrolone respectively. The thermal conversion was
examined by FT-IR, TGA thermogram, X-ray diffraction, BET adsortion
experiment. Also we performed single gas permeation experiment for O No
in order to confirm the effect of thermal rearrangement of functional groups
and the difference of preparation method, random, block copolymerization.

3. Results and discussion
Fig 1. shows the thermogravimelric analysis curves and mass speclroscopy of
1/b-PBO-PP copolymer.

Fusctionafized polyinride membrane, thermally treated ot 300 °C
_____ #/b-PBO-PP copelymer membrane, theramily treated at 450 °C
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Tig 1. TGA thermogram of PBO PP copolymer membranc according to their chemical
composition; (a) h-PBO-PP(2:8), (b) b-PBO-PP(GSE), (¢) h-PBO-PP&2), (@) r-PBO-PP(2:8), (e)
r-PBO-PPi5:5), () r-PBO-PP(8:2)



In the case of (unctionalized polyimides, the first weight loss was observed
belween 350-450 °C. However ithe thermally (reated 1r/h-PBO-PP membrane
shows no weight loss at the lemperalure region. Also we cobserved the
increase of welght loss as the amount of PBO segment in polymer main
chain increascs. It was concluded that PBO scgment may produce morce
thermal rearrangement site than PP, The second weight loss began at about
500 "C because of main chain hreakage. Single gas cxperiment was performed

by using time-lag method.
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Fig 2. Oz Permeability and Ow/Ne selectivity of (a} b-PBO-PP and (b) r-1’BO-PP

The Op permeability and O«Nz sclectivity were shown in TFig 2. The
functionalized polvimide lies on the upper bound line proposed by Robeson.
After thermal rearrangement, we found that the permeabilities and the
ed the separation limitations of

selectivities of v/'b-PBO-PP copolymers
conventional polymer by enhancing molecular sieving ellecl. In the case of
block copolymer, the O permeability increased as the mole fraction ol PBO
increased. However, the Oo/Ny seleclivily showed inverse tendency. The O:
permeability of random copolymer was somewhat arbitrary. The r28-PBO-PP
showed the highest Oy permeability and the 159 PBO PP showed the highest

SUp:

gas sclectivity.



4. Conclusions

Ullrahigh permeable r/b PBO PP copolvmer gas separalion membrane were
successfully synthesized by thermal treatment at 450 “C. These materials
showed high thermal stability and chemical resistance. Besides the O»/N:
separation process, these polymeric membranes can be used In various gas
separation processes with more harsh conditions.
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