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ItErrnJtrcpic betnviors of a nesqhase pitch derived frcrn coal tar
pitches here obserr¡ed wrder a hot stage microscope to reveal
their liquid crystal natures. the behaviors of the nesophase
pitch thus observed are discussed sctemtically.

Introdrctidl
the ttermal behalriors of the nEscphase pitch

are nost relevant in the ca¡bori techrplogy.(1)
In the preser¡t paper, the betnviors of a

resqhase pitch prepared f¡¡crn a hycbogenated ola1
tar pitch rere cbserved under a hoü-stage micro-
scq)e d.ring the repeated heating and coling.
Altho.rgh sote coal, tar pitches have beer¡ reporEed
to be difficrrlt for the hot-stage nicroscqy, the
hldrogenation of the pitch allomd easy observa-
tiqr of its nescphase behaviors.

b<perfunental
Quinoline i¡soh¡ble (QI) free cpal tar pitch

obtained by anti-solvent msthod, r¡¡asi hydroqenated
with a Ni-l'b catalyst ar¡d tten distillated to raise
softening point. AnalyEical data of this pitch
rere listed in Table l. úe pitch was heattreated
in a P)rrer( flask for 10 hr at 4009C r¡n&r rryid
nitrogen flow. Itrickness of the pitch cn the vall
of the flask v¡as limbed under 3 Ím to assr¡re the
s¡rooth mass transfer. I?rermal behaviors of the
rescphase pitch thus prepared rere obsen¡ed on an
hot-stage (IeJ-tz f350) under a polarized-light
microscc¡re.

Results
Table I su¡r¡narizes a series of observati.orxi on

the behaviors of nesophase pitch. the qrcaran<'es
of tle nesophase pitch uncbr the reqrective cqrdi-
tior¡s ¿¡ré sfoiln by the photogrqh I to 10. I?E
nesophase containing pitch, exhibited anisotrc6,ic
spheres (30\roft) at r@n terperature. I?E major
anisotropy disa¡peared by heating W to 40Crc,
leaving ser¡eral s¡mll anisotropic q>heres. F\rrther
terperature rising to 420pC at tt€ L,eating rate of
3'C,/sec renor¡ed all spleres to give coqüete iso-
tropy to the pitch. By hofding the pitch for 2(¡nin
at this teÍperature, anisotrc¡ric q*eres reagleared
and grew in their dia¡neter. Ihe ccoling to 390eC
and 360eC alloÉd further groÉh of E)t¡eres, and
developent of many snnll spheres and isotro¡:,ic
spots (2) rrithin the large spteres, respectively.

By=the secorrd heating to 4l0eC, snall spheres
disappeared and isotropic E)ots coalscerce. At
450rc isc:tropic spots disalpeared and appearance,

Table l .  Sample Propert ies

Carbon, wtt
Ilydrogen, ntt
Nitrogen, ntt
Su l fu r ,  w t t
H,/C, ¡nol ratio

Toluene, insoluble, wtt

Carbon residué, wtt

Sof ten ing  po in t ,  oC

Aromat ic i t y ,  r3c  NMR

9 r .3
6 . r
0 .  9 4
0 . 2 3
0 .  8 0

2 . 2
' 2 5 . 8

5 6 . 5

0 . 7 8

ltrorrith¡ and eoalscence of spheres r.€re c,bservable
for folloring 20mjn. ltbre anisotrqric area r.úa's
observed in the pitch than that at 420t of tl¡e
first heating.

On coling, the pitch repeated simila¡
behaviors obsen¡ed q¡ tte first cooling although
anisc,tropic conterrt was larger.

ItÉ each states of the pitch cbsenred under a
hot stage microscotrx.rere e¡<amined after rapid
querrching. the heating rate vras enough rapid
(3'C,/sec), the surface of the sanple exhj.bited the
sarE feature to that observed under the hc't stage
núcroscc6r.

TtE isotropic s¡ots vrre also cbservable on
the vertical sections to distribute fron top to
botton, suggesting'thei¡: sizes according to their
location. I?re spheres r,ere for¡rd to distribute
near the free surface and on the $Jall of the vessel
by the slorr cooling (I'Cr4nin).

Discussion
A ¡¡esc¡>hase cantaining pitch derived frc¡n a

hldrogenated coal tar pitch exhibited a variety of
afpe¿rrances in terns of its op,tical anisc.tropy. The
aplE¿rra¡rces of a pitch should reflect both its
ctrc¡nical constitr¡ents and phases subjective to the
extent of cen&nsatiqr and the surrounding
terq)erature, respectively. 9¡fren the rapid heating
to an elevated t€nq)erature can be assu¡ed to
provide phase changes with least change of che¡nical
constituents, the series of observation ín the



present study are located in a diagram illustrated
in Fig l, wtrere the ordinate and abscissa a¡<ises
shor.r th€. te[q)erature and average extent of
condensation (or severity of carbonization),
res¡ectively. 
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fable 2. Results of the Hot Stage Observations

Heat
No. Phase Treatnent

Condi t ions

*i::' 
Hor srase observarions

2

E

F

---Heating loclsec-----
First Circulat ion

1 I 4oooc I
2 heating 3oc,/sec
3 2 42o"c 2
4 keeping 2O rnin
5 3 4zoec 3
6 cool"ing 3oc,/sec
7 390"c 4
I 3600c 5

cooling 3"c/sec
42o"c s
390"c 9
3go"c
36ooc 10

small spherical ¡neso.

disappearance of neso.
nÉso. apPears, grovrs
spherical nreso.

grorEh of spherical meso.
appear. of isotropic spots

exhaust spherical rneso.
coalescence of  isotropic
spots, decrease of
sand- l ike re6o-,
disappearance of isotropic
spots , :

coalescence and groqrth
of  tneso.

appear. of sand-1ike meso.
grotrth of spherical neso.
appear. of isotropic spots
fi¡rther grordth of
spherieal neso.

---Second CirculatLon- ____________
t heating 3og,/sec
lo 4r0oc 6

7

11 4 4500c

L2 5 keeping 20 nin
E r t G o t  o t  c o ¡ d . o ¡ ¡ t i o ;  

- - - - - 7

Fig .  1 .  Phase changes w i th  changes o f
temperature and condensation

Itre hiqher e)tent of cor¡densation Oess
suller constituefits) and lou¡er teflperatr¡re ¿¡re
favorable for the anisotrcpic CevelqrÉnt sir¡ce tte
ordered stacking c.f arqnatic constituents is
stabilized. t?rus, the regions of curplete
lsotrcF,yf A (Isotreic dc¡rdnarrt) anc'l B (Anisc,ticpic
dc¡ninant), in Fig. l.a¡e reasonably defined. lhe
rapid heating and cooling with no change in
chenical constituents atlo¡pd the rer¡ersible
changes ars¡g ttEse states.

Develqxrent of isotro¡ric q:ots or, the cooling
(region (C)) nn1'look strange frcrn the abor¡e underl
standing. the slnalles,t cEnst.ituents rrtrich are
arrchored in the stacking layers of larger corsti-
tuents to eihibit optical anisotrq)y n¡ay be

erpelled o.rt to form the isotropic p,hase because
tte decreased ¡n¡tual solutility a¡e to the lor,rer
tefiperature does not a1lor¡ their stay in the layer.
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Fig. 2. Ten photographs depict ing
descr ibed in  Tab le  2 .

the appearance of mesophase pitch under condit ions
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