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/ Carbonization and Graphitization Behavior of Phosphorus-incorporated

Phenolic Resin

ooon

Ryohei IMAMURA

A novolac-type phenolic resin, with phosphorus atomically incorporated in its network structure, was prepared by

a polymerization procedure. The variation in the chemical structure of the phosphorus and the influence of the

phosphorus on the carbon crystal structure during carbonization and graphitization were investigated. The

phosphorus incorporated into the carbon fiber was strongly fixed by formation of -C-P- bonds, so that it remained at

a constant value of 4.0-45 wt% up to 100000, above which it was degraded and was then released from the carbon

fiber in the form of red phosphorus. The presence of the phosphorus dissolved into the graphite by substitution of

carbon atoms in the basal plane ( i.e., cyclic phosphorus ), was first revealed by a solid state 3!P-NMR study. So far, it

has been accepted that phosphorus inhibits graphitization, whereas, it was first clarified that phosphorus promotes

the development of the carbon crystal structure.
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Fig.l Reaction scheme for preparing the phosphorus-
incorporated novolac-type phenolic resin.
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Fig.2 3'P-NMR spectrum phosphorus-incorporated
phenolic resin in a solution of DMSO.
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Fig.3 Variation in the carbonization and graphitization
yields of PF and PFP is plotted as functions of
heat treatment. o PF,e PFP.
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Fig4 The contents of phosphorus in heat-treated
samples.
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Fig5 P 2p X-ray photoelectron spectra of PFP
samples.(a)100000 ,(b)15000 ,(c)200000 ,(d)25000 .
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Fig.6 Solid state 31P-NMR spectra of PFP samples.
(a)10000 ,(b)15000] ,(c)20000 .
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Fig.8 X-ray diffractograms of the (002) region of graphite. (1)100000, (2)150001, (3)200000, (4)250001, (5)300000 .
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Fig9 TEM photographs and SAD patterns of (a)PF(30000 ) and (b)PFP(30000 ). The SAD patterns
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