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The early stage of carbonization of petroleum pitches
fas been investigated by in-situ high-ternpgrature-H-Nl.tR and ESR spin probe. Well resolved 'H-NMR spectra
through out the pyrolysis of pitches provided detailed
information about mesophase fornation. The ESR spin
probe method also provided useful infornation about
mesophase generation during the cooling process.

Introduction

Hlgh-temperaturÉ r 
rH-NuRl- 4 )

and EsR spin irober-ó' methods have
been recognlzed as useful tools for
obtaining infor¡nation about molecular
notion and chemical change in the early
stage of carbonization of coals and
petroleun pitches.

Thelpurpose of this study is to
measure -H-NMR spectra of several
petroleum pitches as a function of
temperature and to correlate these with
nesophase formation in terms of changes
in the line width and hydrogen
arornatici ty.

The nucleation of mesophase embryo
and mesophase formation during the
cooling process is also discussed in
:erms of ESR spin probe results.

3xperi¡nental

Table I shows the characterist ics
of the samples used in this experiment.

A Bruker high-tenperature probe
:gera t ing  a t  36 .4Mf Iz  was usgd fo r . , t
reasuring high-tenperature -H-NMR-' .
::r order to improve the resolution of
--5e spectrum at higherrPemperatures, a
:ce-bui l t  shiur system" was used.

?able l .  Elemental analysis and softening
po in t  o f  p i tches .

Samples vrere heated at a rate of
SoC,/min in the high-tenperature probe
under nitrogen gas f low.

High-ternperature ESR spectra hrere
obtained using a Varian lr lodel El09 ESR
with cyl indrical high-temperature cavity.

Vanadyl tetraphenyl porphyrin (VTPP)
was doped into the pitch samples as a
spin probe. The concentrat ion of the
vanadium metal component of VTPP was
about 1000 ppn. Samples \dere heated from
room temperature up to 415oC at a rate of
SoC/rnin, held for 5 mitutes, and then
cooled at a rate of loC,/¡oin within the
high-tenperature probe under nitrogen gas
flow. The ESR spectra of V were monitored
during the heatinq/cooLinq process.

Results and Discussion

In Figure I the temperature
dependence of the half-width (L4L/2')
obtained fron high temperature ^H-NMR

spectra is shown for pitch A, B and C.
$lith increasing temperature, AHI/2 shows
an intermediate maximum at about 420oC
and 430oC for pitch A and B respectively,
whiLe no ¡naximum was observed for pitch C.
This intermediate maximu¡n may correspond
to a rheological phenomenon due to a
geometric change in the nesophase,/matrix.

Observation of guenched specimens by
optical microscope shows that the
appearance of mesophase spheres takes
p lace  in  the  v ic in i ty  o f  440"C fo r  p i tch
A .

Figure 2 shows the change in ESR
spectra of VTPP in Pitch A during heating
and cool ing. The anisotropic l ines
become weak as the temperature r ises, and
then the eight isotropic l ines begin to
aPPear.

'Elementd ildysis (vrtr) Soltenhg
ssmde c H l-Po¡tt(C)

Pitch A 91.9 5.4
P¡tch B 93.3 6.2
Pitch c* 92.6 6.5
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. '  ¡ade from Pitch B by hydrogenation
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Fig. I TemPerature dependence of half
width of Pitch A' B and C.

(A Aliphatic hydrogen' o Aromatic hydrogen)
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Eíg. 2 Change in BSR sPectra of \jltPP in

Pitch A during heating and cool ing.

on cooling the specimen, the anisotropic
spectru¡n reapPears in the vicinity of
2booc and becomes strong at 200oC. Pitch B
shows similar behavoir to that of Pitch At
but Pitch C shows no anisotropic spectrum
during cool ing to 200oC.

The rotational correlaüion tines ( fc )
for these pitches were ca[gulated from the
isotropic signals of vTPP-' and are shor¡n
in Figure 3. The correlation time for each
sample decreases with increasing
temperature. The ¡nininum of ( fc ) was
obsérved for pitch A and B at about 4l5oC.

Fig. 3 TemPerature dependence of correlation
t imes (  fc  ) .
(A Pi tch A,  o Pi tch B,  o Pi tch C)

This temperature seems to correlate with
the temperature maximum fox AllL/2, obtained
from high temPerature NMR.

Large nesophase spheres are observed
for Pitch A and Pitch B quenched at 200oC
after slow cooling, but no mesophase was
observed for any of the three pitches when
they were quenched to room temPerature
after being held at 4I5oC for 5 ninutes.

conclusion

, Apptication of the High-teriPerature
'H-NI,|R and EsR spin Probe technigues were
found to be useful tools for direct
monitoring of mesophase generation during
the heating and cooling processes.
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