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Introductlon

The thoroal tran¡form¡tlon of gltchea to
nesophase . and coke involves polymerization
ceactiong. r Although the nesophase has
recelved conslderable attention, due to lts
fundenentsl irnportance ln carbon proc€saés,
klnetie studleg of pltch polymerizatlon, horcver,
¡re lioitcd. I A fer kin¡tic gtudles have been
aceo4lirhed ^ by maauring chant.s In. pitch
eolubi l l ty,¿'s carbon-hydrog,en rat los,a and
free radicel coneentr¡tlons,{ Addltionally,
although pitches contaln ¡ broad dlstrlbutlon of
nolecules rith dlffarent ¡rolecular alzea, the
rclatlon of reactlon rate to noleculsr ¡ize lg
not coqletely understood.5,6

The pol¡rnerizetlon tinetics of rnany polyrner
systens heve been follored using gel pemeation
chronatography (GPC). the cPC technique,
developed in thls laboratory, shich utllizes
quinoline eluent and chenicel reduction
procedures for pltch solubi l izat lon, ls capable
of deterninlng accurate nolecular veight
dlstrlbutlons (ÉUD) of nerophase pltches ¡nd
seni-cokcs, rhlch h¡vc qulnoline in¡oluble (QI)
contonts aa htSh as lOOl. ' Therefore, the
deternination of the fund¡nental Linetlc
gareneters of pitch pol,yu*lzatlon to ae¡l-coke,
I.c.,  r¡tc con¡t¡nts, re¡ct lon order, and
actlv¡tlon enarty, e3 ¡ function of both
nolecul¡r relght (16l) and rcactlon tine, can bc
¡chievcd.

B¡aporh€ntal Procedurss

Heat Trc.tr¡ant of Petroleup Pitch€s

The tinetlc ¡tudles rr€re perforued utlllzing,
co¡mrclal petroleun pltches rtrich produced lacae
donaln size nesophase. The getroleuo pltcher and
extr¡cted pitchea rcre heeted ln tube furnaceg
under flowint arton atnoephere uslng a varlety of
tanperature (38O'C to 47O'C) snd tine (one hour
to 600 hours) condltlons to produce pol¡aerizcd
pitches rlth QI contents veryln3 betreen 10É end
994. The tube furnace üeqereturea r€r€
conLrol led to r l thin O.3'C.

cPc

Details of the cPC procedures snd pltch
solubilization techniques heve been
descrlbed. 7 In order to miniüize instn¡mntal

€crors in the CPC data, such ae Lhose which
rocult from coh¡m aglng, sanples ln a kinetic
serieg were chror¡¿tographed in as short a time
period aa posslble. the chernically reduced
sanples evaluated rsere l00a soluble in the GpC
eluent, quinollne.

Calculation of fundansntal Klnetic PErsmet€rs

fn order to saparate th6 proc€ssos of
chenleal pol¡merizatlon and physlcal
dlstlllation, the kinetlc pafameters w€r€
date¡tlned only on thoee salplee in whlch bhe los
llJ dlattllable volatlles hed been removed. The
klnetlc paasmaters ¡rere nessured from the GpC
curvea by nonitorlnt th6 dieappearance of pltch
nolecule¡ in a speciflc llll range. Por example,
for calculat in6, the f lrst order rate..constants,
Lhe rei6,ht percent of a specif lc llll rente ¡ras
na¡eured fron area non¡alized CPC curves. The
cutout ¡reaa of the speclfic llw rante w€re
reighed and converted to a weight percent, which
ras the concentcation value used ln the first
order kinetlc equatlon.

Eroerlnentel Resultg

Piteh Polvnerizatlon Xlnetics Durl¡r llegoohase
For:n¡tion

Íhc pol¡rmeclzatlon of petroleun pttch
ml.cules ln tha 450 to 750 l|tJ rcnge obeyed flrst
order kinetlcs. tb. rate con3tent v¡lues óld not
chenge ov€r thl¡ ffiJ rante (approxinetely
O.7O x 1O-r ¡ec-r) rhen ne¡sured b€ty€€n four
¡nd 16 hours at IOO'C. lhc most atritlng
ob¡ervation of the CPC curves of this tineüic
a.r1ea ls üt¡at sig,nlflcant enounta of polymerlzed
pltch rith IOJ greater than 1O0O are present in
Lhe early states of reactlon, but that molecules
sith llIJ of approximataly 2OO0 arE not present
even after 16 hours, fhis fact lndlcates that
the reactions of the 10OO HIJ and larger nolecules
are negligible, and suttests a rapidty decreasing
polylerizatlon rate constant above ilH 7OO. To
accurately locate the gradlent ln rate conetants,
the higheat lllJ nol€cul.s (upper 25f fractlon) in
the petroleun pitch rere sepaiated by
fcactionation using a toluene-hexene (85-$a
volune ratio) mixture. By usint this procedure,
one could study the reactivlty of Lhe 700-I1OO ÉIJ
ran6,e nolecules separately fron the reaction of
the {00-800 lfl ran¡e oolecules, the
pol¡merization reactions of the 7O0 to IOOO l{U
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¡oolecul€s ob€yed firsü order kinetics and Lherat_e constents (FiturE-1a) decreage sl8nlficent¡.y
rtith incrEarint !rH, Th€ stsbility oi-it" Iartérpitch oolecules during @sopüss ionnatlon(Flgure 1a), reaulta in retatively nerrog x¡D.Tt¡o Ectivatlon energy of these notscutes neaaureat
betreen 38O.C and 420.C ¡,ere 42 ¿o 51 ical/nole,
v¡lue8 slnil¡r to thos€ obtained by 

"ofrr¡ffitytectmiques.2 '  3

rate con8tants of Flture 1 naasured durlnt thé
teo retin€a.

In another kinetic e:rperlnent, the quinollne
solüble (QS) fcactlon taa renoved fron e8€ol-coLo conttining 608 qI and see eubJected tothe¡.nral pollmerlzation. fhe QS nolecules, which
feacted very slowly ln the aemi_coke, reected
noro thsn a factor of ten f¡ster after lsolation.

Dlscussion

lhe tinetlc study shoss that the rateconatants of pltch moleculos varles both as efunctlon of siz€ and tinre. Fortunatlly, thepiüch pol¡msrlzatlon procesa durlng uesophase
fornetion does not proceed lll¡e the chaln
rerctlon t!4pic¡l for conventional pol¡rners, ?heotebllity of thé larger noleculls, which
corcelatag rith^ tha for:natlon of highfi stabl€free radlcals,9 ensures that thJ nesophase
reo¡lns highly fluld during a wide rante of
reection condltlons. Th€ ebn¡pt decrease in the
rate constants, whlch occurs aiter the conpletion
of nesophase forrnatlon, app€ars relaiea to aphyslcal phenonenon in which soliO stafe, rEthéc
than llquid state reactions, ere occumlng in thepol¡nrized pitch. The effect is identtcal ¿oreactlon¡ ln other ther"noeettint systerns, whoge
reactlons !!so proceed 

- 
slórly after

vltrlflcation.l0 Tt¡a equal reacÍtvrty ofnolecules after nesophasa vitrificagion results
In a broad€nin3 of the ffilD, ¡ condltion rhich isnos slmilar to chein reactions of ¡usny pol)rn€r
s!¡atana. lhe einllarity of the neasrired raLecongtants for the loss of methyl protons to thepitch polyrnerization rate constants as meaaured
by cPC, suttests that Lhe methyl troüp isinsolved ln the polymerization p"ó".""- through
the semi-coke stage. The significant increase inthe reactivi ty of Lhe los molecular weight QSfrectlon whlch tes removed from the senl_coke
eonfic¡ns. that a physical phenonenon (soi ld s¿ateveraus liguid state reactions) is responsible forthe slgniflcant chang,e ln the 

""t. "o.r"t.it".
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Fitur€ 1. Rata Constants of
Extracted pttch at
Hourt,  19_55¡ QI¡
s5_99A Qr.

' l{olecules in
400'c. (a) 5-25

(b) 25-161 Hours,

ELlch-Jolvnerizetion Xlnetlcs lh¡rinr semi-coLe
Fornation

Polynerizatlon tinetlcs rsre obLained on both
pltch and th6 extracted pltch saoplcs ntrlch sere
heated bet¡recn 390.C ¡nd 470.C to forn 55¡ to 99aqf nsterials. The dlfferenceg observ€d fcon the
cPC curves of ¡ kinetic aeries in this hith qI
regime courpared to the los QI reglme are:(1) that the reactlvi ty of piLch nolecules
betweon lu 8O0 and 1500 ar€ nor slnllar, (2) that
th6 rate constEnta are ¡uch lower, and (3) that
the lllJD le broadening. A flrst order tinetlc
plot of tha 80O to l5OO !tL, nolecule¡ is not
Linear lndlcating that the reactlonc aE€ no
longer flrst order. Horever, gecond order plota
are llnear. In order to coqere the reactivity
of pitch nolecules that occur st short (nesophase
forn¡tlon) end long (seoi-coke) re¡ctlon ttnes,
th€ bcst flrst order rate con8tants ter€
calculated sr g functlon of UtJ 8t the looger
t1ne8 at 40O.C ¡nd are plotted ln Flgure tb. The
rata conatants at Lhe lonter ti¡¡es ¡re saaller by
¡ factor of sevcn end er€ all equal.

Othar Kinetlc E crerirn€ntg

. A" ebnrpt, cheoge ln the re¿o constants ofpitch úolecutes after neeoph¡se had fon¡ed ¡ras
found to correlate sith Lhe los¡ of th€ nethylprotona in the pitch. A recantly developed'H-Ntl8' techniqua,S coupled rith elensntal
hydroten analysls Ías ús€d to monitor the
disappearance of the nethyl side chain pcotons
during polynerlzation of the piteh to the
seoi-coke. the results indicated: (1) that the
Ethyl troup cracting, rate congtants also
abnrptly change after neeophese for.natlon, and(2) th¿t th€ values of these rat6 constents are
eseentially ldentlcal to the cpG pol¡oerlzatlon
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