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Introduction

Orientation of optically anisotropic mesophase
spheres in the magnetic field has been investigated
by means of the polarized-light microscopy[l-3]. Our
study was initiated to draw information from a dif-
ferent point of view on the mesophase conversion and
on the behaviors in the magnetic field on the basis
of the ESR spectra of paramagnetic vanadyl chelates
in the mesophase. Also, from the spectra observed at
elevated temperatures rotational correlation times of
the chelates were estimated as a kind of the fluidity
during the carbonization process and the activation
energy obtained from the temperature dependence of
the correlation times was discussed in relation to
the size of the mesophase.

Experimental

Iranian heavy oil(IH) was used as one of petro-
leum heavy oils with high vanadium content(306 ppm as
vanadium metal). On the other hand, vanadyl tetra-
phenylporphyrin which is similar to vanadyl chelates
existing in the heavy oils, was doped to Ethylene tar
pitch(ET) free from vanadium,

In order to heat the sample in the magnetic
field and to measure the ESR spectra in situ the sam-
ples were heat-treated in nitrogen atmosphere in the
cavity, which had been specially designed for this
experiment. By this cavity it was possible to make
such a heat-treatment and observation of spectral
changes at higher temperatures to about 500°C: for a
temperature variation experiment, temperature of a
sample in the cavity was controlled by hot air pass-
ing through a spiral silicon-carbide heater installed
just under the cavity.

Results and Discussion

When the original IH sample was heated to 430°C,
remarkable spectral changes were observed near ca.
300 and 430°C. The typical spectra are represented
in Figs. 1(a)-(¢). The anisotropic structure at room
temperature is similar to that previously reported
and the ESR parameters are comparable to those of
pure vanadyl porphyrin complexes{4]. Therefore, the
spectrum is considered to be due to vanadyl chelate
complexes coordinating to porphyrin rings.

The conversion of the anisotropic spectrum into
the 1sotrop1c one appeared at the temperature near
300°C. However, an anisotropic structure emerged
again in the vicinity of 430°C. Appearance of the
anisotropy by heating was found to be irreversible:
once the anisotropic pattern was formed, no isotropic
spectrum was observed in the range between 430°C and
room temperature. It suggests that some change in
the structure was induced by such heating of the sam-
ple and that the molecular motion was so hindered on
the changed structure as not to produce sufficient
averaging of anisotropy.

The spectral changes similar to those of IH were
observed also in the case of ET doped vanadyl tetra-
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phenylporphyrin. However, the spectrum gave only
isotropic structure in the ranpe of ahout 250-400°C.
The anisotropic spectrum occurred with the treatment
at 4L00°C for 2 hr.

The IH sample was treated at 450°C for 30 min
in the various magnetic fields and then frozen to
room temperature. Thus, one can obtain information
on the orientation by magnetic field at such hisher
temperature like 450°C, since the vanadvl chelates
are reasonably assumed to be involved into the formed
mesophase[5] and to behave in the same manner to the
mesophase. According to Schwerdtfeger and Diehl[6],
the intensity ratio is related to an ordering param-
eter, s, which is a measure of the arrangement of
the mesophase:

8 =¢3cos?g - 13/2
where § is the angle between the symmetry axis and
the optical axis of the liguid erystal. It is ap-
parent that the ordering parameter increases linear-
ly with the magnetic field(Fig. 2), but the value at
10 Kgauss, ~0,09, is considerably small, compared
with that of pure licuid crystals.

The IH sample in the cavity was heated in the
field of 10 Kgauss at 350 and 450°C for 30 min and
then cooled to room temperature. The spectra were
recorded in situ by rotating the sample tube from O
to 90° around the axis perpendicular to the magnetic
field. As can be seen in Fig. 3, the sample treated
at 450°C represents the large angular dependence,
while the spectrum is little affected bv the rotation
for the sample heat-treated at 350°C. On the other
hand, the intensity ratio of the parallel rart to the
perpendicular one for ET treated at 4L00°C for 2 hr
also changes with the rotation, although the angular
dependence is smaller than that of IH treated at
430°C for 30 min. The mesophase has a stacking tex-
ture of the lamellae which consist of large aromatic
molecules. Accordingly, when the magnetic field is
applied, c-axis of the mesophase is considered to be
aligned perpendicular to the field because of dja-
magnetism due to aromatic sheets, If the chelates
are incorporated between and/or in the lamellae, one
can explain reasonably the high value of perpendicu-
lar component at 0°. In addition, the increase of
Iyg with the rotation can be interpreted as follows::
since the c-axis of the mesophase is allowed to take
any directions in the plane perrendicular to the
field, the chelates in the mesophase whose c-axis is
vertical to both the field and the sample tube make
positive contribution, for example I,y with the

_rotation of the sample tube.

In liouid, in which Brownian motion is suffi-
ciently rapid, the anisotropy of the FSR spectrum is
averaged out and appears isotrovic. For this case
the Kivelson's theory[7] is the most convenient for
the analysis of the experimental results. The cor-
relation time ¢, is estimated by using the theory
from the line widths and the heights at each temper-
ature at which the isotropic spectrum appears. Fig. 4
shows the changes of . with the reduced temperature.
The correlation time of each sample decreased with
rising temperature, but it increased drastically




near 370-390°C. From the fact that no sphere is obe
served micrographically at these temperatures, one
can say that the mesophase precursors presumably be-
gin to grow in the matrix.

The activation énergy was estimated to 15.8
Kcal/mol for IH and 4.8 Kcal/mol for ET from the
slope of streight line at the range of lower temper-
ature. The optical micrograph of IH treated at
430°C for 30 min shows the very small spheres of 1-5
pm, while tha large size of mesophase appeared in
the matrix of ET treated at 400°C for 2 hr., The re-
lation between the sizes of the mesophase Spheres
and the activation energy of the vanadyl chelates in
IR and ET suggests that the high activation energy
accompanied by the drastic appearance of the meso-
phase results in the formation of the small spheru-
lites.
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Fig. 1 ESR spectra of IH at (a) room
temperature, (b) 360 and (c)
430°C,
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Fig. 2 Variation of ordering parameter
for IH with the magnetic field.
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Fig. 4 Variation of correlation time for
IH and ET with temperature.
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