IUFAC-PSK30

Linear and Hyperbranched Polymers via
Flectrophilic Substitntion Reaction in
Polyphosphoric Acid/P,0g

Ja-Young Chai, I e Yeap Jeon, ! Loon-Seng Tan,® Jong-Beowm Baesk™*

18chool of Chemical Engineering, Chungbuk National University,
Cheongju, Chungbul, 361-763 Korea
*Pelymer Branch, Materials & Manufacturing Directorate,
AFERL/MLEP, Air Force Research Laboratory, WPAFE, Ohio, 45433-
TIS0TUSA
jbback @chungtuk aclr

Introduction

Aromatic polyetherketones (PEK’s) and polyethersulfones
(FEZ'g) are a unique class of high-performance engineering polymers
because of their excellent thermal and mechanical properties.! Both
aromatic electrophilic substitution (Friedel-Crafts acylation reaction)
and aromatic nucleophilic mubstitution reactions are versatile methods
to synthesize PEX s and PESs (Scheme 1), The latter base-promoted
polymerforming reaction is preferred route becavse of the availability
of monomers, non-corrogve reactive reaction media, and easiness of
synthesis. In some cases, however, it fails to yield high-molecular
weight polymers due to the position of substituent on aromatic nng
and the solubility of resultant polymer, especially in the case of semi-
crystalline material ** Even worse, acid-promoted polymer-forming
arcmatic electrophilic substitution reaction were unsuiccessful in
producing high molecular weight polymers because of the limited
solubility of growing polymer chains in chlorinated solvents such as
dichloromethane,* the utilization of superacid systems sich as boron
tnfloride in anhydrous hydroflueric acid was able to afford high
modecular weight polymers®®  The key to achieving high meclecular
weight polymer via electrophilic substitution even in the case of semi-
crystalline material is by protonation of carbonyl or sulfenyl groups.’
Ag a result, the solvation by strong acid males it posable to retain
polymer in solution even at low temperatures, preventing premature
precipitation. Unfortunately, the superacid systems are relatively
expensve as well as hazardous to handle because of their wolatility,
corrosiveness, and toxicty. Thus, the uses of these systems are limited
and only for lab-scale preparation. Furthermore, most of these systems
can still only afford moderate molecular weight polymers.
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Scheme 1. Synthetic routes to PEK’s and PES’s: {a) nucleophilic
substitution reaction; (h) electrophilic substitution reaction

We would like to report a superior polycondensation medium
that 1z non-tomic, relatively less corrodve, and non-volatile
electrophilic substitution reaction to afferd high molecular weight
linear and hyperbranched PEK's. It i1z polyphosphonc aad (PPA)
modified with proper amount of additional phosphorous pentoxide
(F505) (Scheme 2).%7
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Scheme 2. The reaction aromatic benzoic acid in polyphosphoric
acid and phosphorous pentoxide medium

The system has very strong dnving force to give extra ordinary high
molecular weight linear!” and hyperbranched PEE’s,!! ngid cil-
rigid rod-igid coil ABA triblock copolymers®® dumbbell-shaped
ABA triblock copolymers,” and covalently grafted polymers onto
carbon nanotube (CMT) or carbon nanofiber (CINF). M-1%-1% More

interestingly, the reaction medium 15 highly viscous and thus resultant
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PEK’s display unusual morphelogy. '’ The reaction medium is
hydrophilic and displays selective solubility to the monomers. By
using this characteristic nature, hyperbranched PEK’s could be
synthesized fom commercially available &z + By monomers without
network formati on. %1?

Experimental

Materials. Monomers, 3-phenoxybenzoic acid, 4-
phenoxybenzoic acid, trimesic acid, 1, 4-diphenoxybenzene, and
diphenyl ether, were obtained from Aldrich Co. LTD. The reaction
medivm, poyphospheric acdd (PPA, ~83%) and phosphorous
pentoxide (P2Os) were also purchased from Aldrch Co. LTD. The
monomers were recry stallized from proper solvents to have =99 9%
purity.  All linear and hyperbranched PEK's wia electrophilic
substitution reacti ons were synthesized in PPAP, O as reported.10

Results and discussion

Polymerizations. Following the first ime reported optimized
procedure,” all polycondensations of monomers were conducted at
130°C in commercial grade PPA (83% assay) with the additional 25
wit¥s of P0s to afford corresponding polymers in 5 wit% monomer
concentrations, which are relative to the amount of PP4A used!®
Interesting charactenstic coler and phase changes were monitored as
functions of ime and tem perature for all systems.

Ag an approach to impart covalent adhesion between a
thermoplastic matriz  and reinforcing CNT or CNF, we also
investigated the possibility of functicnalizing CNT or CHF with an
acylium precursor in PPAMPOs and im-situ polymenzation of PEE
with various amount of CINT or CHF. The results on the synthesis
and characterization of the linear or hyperbranched PEK grafted CIT
or CHF nanocompostes are to be presented,

Conclusions

This work was focus on facile synthesis of high performance
linear and hyperbranched PEK s in newly developed a mild but less
corrosive reaction medium FPAPLD; The reaction condition was
utilized in wartous synthetic approach and further extended it to the
functicnalization of carbon nancmaterials such as CHT and CHF for
the application specific purpose.
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