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ABSTRACT 

Differential Scannmg Calonmetry (DSC) and Thermomcchamcal Anniysls (TIMA) have been used to 

measure the glass transltlons of pitch matenals Glass transttton tcmperaturcs ( Tg) wcrc dctcrmmcd HIth 

the DSC techmque for pltchcs dcnved from coal tar. pctrolcum. and model compounds The Tg value\ 

bear a ftwd relatton to the Mettler softenmg pomt (T,) wth Tg/T, =O 80 The TMA procedure was 

preferred for mesophase-contammg patches Analogous to moved polymer bwrns. the gla\s transttlon 

temperatures for the mesophase pltchcs could be related to the contents and the Tg values of the low 

molecular xbcclght (pyndznc Poluble) and the high molecular wclght (pqndrnc msolublc) fracttons 

I INTRODUCTION 

Thermal analysis techniques are now routinely used to characterize polymers and 
to provide information on such diverse properties as miscibility of blends. crystallm- 

ity, phase transitions, reactivity, and stability. Differential thermal analysis (DTA) 
and thermogravlmetric analysis (TG) have been the most extensively used thermal 
analysis methods for studying carbonaceous materials such as pitches [ 11, tars [2] and 
polynuclear aromatic mixtures [3]. However, the techniques of differential scanning 
calorimetry (DSC) and thermomechanlcal analysis (TMA). which have proved to be 
valuable for studyxng glass transitions and phase changes m polymers, have only 
recently been tried with carbonaceous materials. 

The glass-like nature of coal tar pitch was demonstrated by the detection of a 
glass transition which appeared as a discontinuity in the volume expansion- 
temperature curve [4]. Stadelhofer [5] determined directly the glass transition tem- 
perature (T,) of a coal tar pitch by usmg DSC. A DSC method was also used by 
Huynh et al. [6] for determming the effects of molecular compositlon on the Te for 
asphalts. Rand et al. [7] explored several techniques for determining Tg in pitches. 
The penetrometry method of TMA was found more suitable than DSC for detecting 
T8 m coal extract pitch and in pitches containing tigh amounts of qumoline 
insolubles. Broadline proton nuclear magnetic resonance was more reliable than 

DSC for measuring q for a petroleum pitch heat-treated to the mesophase stage [S]. 
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Differential scanning calorimetry measurements have not yet been reported for 
mesophase pitches, although DSC has been widely used to charactenze indivtdual 
liquid crystallme compounds [9]. 

In the present paper. we have determined Ts values for isotropic and mesophase 
pitches dertved from petroleum, coal tar. and model compounds by using both DSC 
and TMA. Penetratron TMA results are related to the pyrtdme insoluble contents 
for a series of mesophase pitches. For comparison with mesophase pitches, DSC was 
used to investigate thermal transitions of the aromatic hqutd crystallme compound, 
p-quinquephenyl. 

2 ESPERISIENTAL 

The isotropic petroleum and coal tar pitches were obtained from commerical 
sources. Higher melting point pitches were prepared by vacuum distillation. Pitches 
from the model compounds acenaphthylene, anthracene, and naphthalene were 
prepared by publrshed procedures [ 10.1 I]. Mesophase-containing pitches were made 
by heat treatmg the appropriate precursors at temperatures above 380°C m a 
mtrogen atmosphere. The insolubles content of heat-treated pitches was determined 
by Soxhlet extractton wtth pyridine. The aromatic hydrocarbon p-quinquephenyl 
was obtamed from K and K Chemical Co and was purified by vacuum sublimatton. 
Softening points of the pitches were measured by using a standard ASTM procedure 
and a Mcttler FP-5 urut. 

The DSC measurements were obtained with a DuPont 990 Thermal Analyzer in 
combinacron with a 910 DSC unit. Samples weighing 5-30 mg in sealed aluminum 
pans were heated in flowmg nitrogen at a rate of 10°C mm-‘. An empty alummum 
pan was used as a reference. Pitches were heated to temperatures slightly above Ts to 
fuse the samples and then cooled raptdly with liquid nitrogen prior to scanning for 
thermal transitions. 

Temperatures and heats of transition for p-qumquephenyl were determined from 
duphcate DSC curves. The samples (3-5 mg) were contained in hermetic sealed 
alummum pans and heated at 5°C ruin-’ in argon. Enthalpy values were calculated 
by measuring the areas of transition peaks and by using indrum as a calibration 
standard. 

Thcrmomechamcal analysis studies were carrted out with etther a Perkin-Elmer 
model TMS- 1 with a DSC-I B control umt or a DuPont TMA model 942 and a 990 
Thermal -Analyzer. Powered pitch samples were pressed into pellets that were 6 mm 
111 diameter and 3-6 mm thick. The Perkin-Elmer unit was operated in a penetration 
mode wtth a 12 g weight on the probe, a helium flow of 60 cm3 min-’ and heating 

rates of 5°C or iO°C mm- ‘. The DuPont TMA was also operated in a penetration 
mode in t-lowing nitrogen and a heating rate of 5°C mm-‘. Some of the TMA and 
DSC data were processed with the help of a PDP 1 l/40 computer. 
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3 IXSCUSSION OF RESULTS 

3.1. DSC of isotropic prtches 

Distinct glass transitions were observed in DSC scans of coal tar, petroleum, and 
acenaphthylene pitches. Figure 1 shows repetitive DSC scans for a typical petroleum 
pitch which has a Mettler softening point of 152°C. The initial scan exhibited an 
endotherm in the vtcinity expected for Tp with a maximum at 103OC. The second 
scan, wl-uch was made immediately after cooling the sample rapidly from 240°C to 
- lO”C, shows a well-defined Ts wtth an onset temperature of 83OC. The endother- 
mic peak is no longer visible in the thermogram of the quenched pitch sample. 
Figure2 presents a DSC curve from the first heating of an acenaphthylene pitch 
with a Me;tler softening point of 234°C. The Tg measured at the onset temperature is 
134OC and the transition is clearly vtstble. The anomalous endotherm was not 
observed for this material. Rand and Shepherd [7] attributed endothermic peaks in 
the imttal DSC scans of petroleum pitches to a partial ordenng in structure stmtlar 
to crystallization in polymers. Atthough anomalous endotherms similar to those 
observed for pitches have been reported for poIymers, the origin of the peaks is 
controversral. Wrasidlo and Stille [12] considered endothernuc peaks for polyqumo- 
hne glasses to be first-order transitions mvolving paracrystalline structures formed in 
the glassy material. In contrast, Petrie [13] attributed endothermrc peak behavior m 
organrc glasses to a relaxatton of enthalpy dunng annealing at temperatures below 
Ts. According to the view of Petrie and others [ 141, the endotherms do not represent 
first-order transitions. Since no evidence for crystalline or pseudo-crystalline struc- 
tures IS present in isotropic pitches, we prefer the approach of Petrie for explammg 
the origin of endothermic peaks. 
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Fig I DSC curve for isotropic petroleum pitch; (a) first hear, (b) second heat on quenched sample 
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Fig 2 DSC tract for Isotropic acenaphthylcnc pitch. 



TABLE I 

Softcnq polnb anll phss transitions (DSC) for icolroplc pitches 

P:tch 

Coal tdr 

Pctrolcurn 

4wnaphth\lcnc 

tilass transItIon (T&) bq DSC (T) 

Onset Span 

34 38 

38 zx 
60 43 
83 30 

50 I8 
55 T!O 
83 20 

101 21 
10s 71 
IO3 ‘9 

134 29 

Glass transitlon temperatures and softening points are listed in Table 1 for several 

tsotroplc coal tar and petroleum pitches. as well as for a patch made from ace- 

nnphthylene. For each of these pitches. changes m softening pomt are paralleled by 
changes m gl~s transition temperature. The span of the glass transition region 

(Table 1) ranged from 18” to 43OC for the pitches examined. 

Unhhe the lsotroplc pitches. ttell-defined Tg values were not obtamed for 
mesophase-contammg patches. However, measurable T, values could be detected for 
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Fvg 4 DSC trace for the hquld cnstal formrng compound p-qumqucphenyl 



301 

completely anisotroplc pitches prepared from the model compounds acenaphthylene. 
anthracene, naphthalene, and from a petroleum-derived pitch. The DSC curve 
determined for a completely anisotropic pitch from naphthalene 1s shown In Fig 3. 

Glass transitions could not be observed for mesophase pitches which coatamed 
appreciable amounts of isotropic phase. 

25s5M 
Ts (KELVIN) 

FIN 5 Relation bctwecn Tg values m Kchn and Mettlcr roftcnmg pomts m Kelvm for lsotroplc and 

mcsophase pltchcs. 11. coal tar-dcnked pltches. 0. petroleum-dcnvcd pltchcb. A. model compound- 

dcnvcd pitches 

The DSC technique gives well-defined transrtions for single liquid crystalline 
compounds. For example. Fig. 4 presents a DSC curve for the aromatlc hydrocarbon 
p-quinquephenyl. This compound IS known to form a liquid crystal [ 151. Peaks 
corresponding to the sold-to-nematic and the nematic-isotropic transformations 
with transition temperatures of 381 and 406OC, respectively, are readily apparent. 
The corresponding AH values are 11 .O and 0.4 kcal mole -I. Dlfflculties in obtammg 
reasonably Intense DSC transitions for the mesophase pitches must, therefore. be 
related to their highly complex constitution and not to their hquld crystalline 
character. 

The Tp values determined in this study for both the Isotropic and mesophase 
pitches show a fixed relation to the Mettler softening point. In Fig. 5, the T, values m 
Kelvin are plotted agamst the Mettler softening pomt (T,) in Kelvin for both types 
of materials. The two sets of data show a linear correlation of the form 

Ts (Kelvin) = O.gOT, (Kelvin) 

The coefficient of variation for the factor was 3%. An analogous correlation exists m 
the Beaman-Boyer empirrcal rule, where Tp is approximately two-thirds the crystal- 
hne melting point for many polymers [ 16,171. 

3.3 TMA o/pitches 

Thermomechanical analysis was used in a penetration mode to measure Tp for 
mesophase and isotropic pitches. The TMA method 1s attractive for mesophase 
pitches because of the difflcuities encountered in detecting the Tp of these materials 
by DSC. Figure 6 shows a TMA penetration curve for a petroleum-derived mesophase 
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Fq, 6 Pcnctratton TMA cur\c for prtrolcum-dcnbed mcsophac pitch 

pitch. Similar curves were obtained for other mesophase and isotropic pitches with 
the Perkin-Elmer TMS-I instrument. The point of penetration which was used to 
determme Tp IS Lldicated in FIN. 6. The Tg values obtained by both the TMA and 
DSC methods are listed in Table 2 for mesophase pitches. The two sets of data are in 
good agreement, with the rg values from TMA only 3°C to 5OC lower than those 
from DSC. The Ts values from the TMA measurements fit the same relationship 
with the Mettler softenmg temperatures as that derived for Ts values from DSC. In 
contrast to the mesophase pitches, TMA measurements on tsotropic pitches yielded 
penetration points significantly different from DSC glass transitions. Penetration 
points were an average of 24OC higher than glass transitions determined on the same 
isotroptc pitches by using DSC. Clearly, DSC is the preferred technique for 
determinmg Ts values for isotropic pitches, whereas. for most mesophase pitches, 
penetration Tl’vfA is the better choice 

Experimental TMA data were also obtained for a series of petroleum pitches 
gvhich had been heat-treated througn the mesophase stage. Heat treatment of pitch is 
known to effect thermal polymerization, and the magnitude of the polymerization 
change has often been equated to a decrease in solubility in selected solvents [ 181. In 
Fig. 7, the penetration TMA values are plotted as a function of the pyridine solubles 
(PS) content of the heat-treated pitches. ‘Ihe data for 0% and 100% PS were obtained 
on the fractions extracted from a pitch containing approximately 50% PS. The TMA 
data for pitches with PS contents higher than 60% did not fit the correlation because 
of a heterogeneous phase composition. 

TABLE 2 

Glass transztlon tempcraturcs for ncsophasc pitches by TMA and DSC methods 

hksophasc pitch precursor Glass transItion ( Ts) (‘Q 

TM.4 DSC 

Softcnmg pomt 

(T,) Cc3 

Anthracene 183 178 325 
Accnaphth) lene 208 205 348 
Naphthalene 210 207 338 
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Fig 7 Glass transltlon ab a function of pyndmc solubles content In hat-trcatcd pctrolcum pltchc\ 

Fig 8 Plot 91owmg hncar rclatiomhlp bctnccn !/T, and pyndmc solubles content of heat-treated 

pitcher 

The correlation of Tg data with molecular composttton is well known for mtscibie 
polymer blends. The data can be Interpreted by using an expresston proposed by 
Fox for random copolymers or for polymer-dlluent blends [ 191. The Fox equation 
was apphed to the heat-treated prtches m the followmg form 

where Tg, Tgps, and TgpI are glass transtttons for the blend, pyrrdme solubles, and 
pyridine msolubles. respectively; Wps and Wp, are weight fracttons of the patch 
blends. The Fox equation has been discussed by Wood [20] as a spectal case of a 
more general relattonshtp for copolymers. As may be seen from Ftg. 8, a plot of 1/7Is 
versus percent PS for the components and blends is lmear. This result imphes that, 
at least withm the composition range of the experrmental blends, the components are 
primarily compatrble. 

The Pox equation was used to calculate the solid curve in Fig. 7 The calculated 
curve is a good fit to the experlmental data, again demonstrating the feasibility of 
the copolymer approach to analyzmg penetration TMA data for heat-treated pitches 
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