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Introduction

A nuobcr of ?hyalcel and ehenic¡l
trsnsformations occur during the carbonization of
plbch bet¡,aen 30O'C and 50O'C, including: woight
loss, evolut ion of taseous reecti .on products,
¡nolecular reight increase and change ln physical
propertles. Iteesur€rnsnts of thege parameüeca aa
a function of tioe and tengerature c8n be uged to
derlvc kinetic lnfornatlon perteinlng to the
trancforn¡tlon of pltch to cotc.

Such klnetlc studleg b¡sed on relght logs
durlng pltch carbonlzatlon have^been reported by
¡ nunber of inveatigstors. ¡-r Although the
evolutlon of llght gaaes ls purely a cheolcal
procoasr the rel,ea¡e of total vol¡tlles and,
th€refore, th€ reight loss, durln3 pltch
carbonlzation, is related to both chenlcal and
physical effecte.4 In this study t€ heve
determlned the kinetics of tas evoLutlon fron
pltch when carbonized ln a formed electrode. The
rssuLts aré used to clarify the csrbonizatlon
ProcEss.

Bxperlnental

The apgaratu¡ ¡horn ln Ptgure 1 ya¡ used Lo
n€aaure th€ €volutlon of voletiles durlng, pltch
carbonlzation. The epparatua allorg separatlon
of the vol¡tlle¡ Inbo condensible and
noncondansibl€ tases. ll¡e experlnsntr y€ra
perfomd on 2 l/2-lnch diaoeter electrode¡ rt¡lch
contalned 40 pph coal tar pltch (n.p. 120.C) e8
thc binder. ?t¡e electrode¡ wer€ placed and
pecked ln a cyllndric¡l mt¡l contalner rülch yes
ge¡led to precent €ntr¡nce of ¡ir. lherucouples

rere placed at both the surface and the centec of
th. Bl€ctrode. Tt€ naxim¡n ¿erperature 8,radient
obsarved across the senple ras 8.C. Therefore,
sn averate te[E)erature was used as the sanple
te¡nperatur€. HeEL tcaatnents tqre perfor.rned
using both lsothermal and nonisothennal
condit lons.

Results

tlelrht Loss

About 40É by reight of tt¡e pltch is lost as
vol¡t1l€l durtng carbonization Lo 750.C. Uost of
the ralght loss involvss distillation of low
mlacular reight pitch conponents. The rate of
reight loee durlng noaisothernal heat treatm€nt
to 750'C is i l lustrated in Fiture 2.
Approximately 804 of th€ total weight loss occr¡rs
at benperatures betreen 350-50O'C.
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Flgure 2. Cr¡m¡letlve lJeight Loas Durin6, Bating
Veraus T€rpér¡ture.

Isothef.loal cas Evolutlon Studleg

lleagurements of gas evolution rere perforrrred
at 449'C, 433'C and 410'C. The volu¡ne (noles) of
noncondensible gases was tneasured as a function
of tine and the results are shorr¡ graphlcally in
Flguca 3. Fcon this plot,  i t  ie evidenL Lhat
plteh carbonizatlon follows a ficst oráer
reactlon. lhe rate conatant X at the three
t€n¡rerEturea can be dete¡rlned fcon the slope of
the lineg in Figure 3, aa:

k449'c = 1'44 x 1o-4 sec-l
t l s i 'ó  =  o 'ó3  x  1o-4  sec- l
r¿ró . i  =  5 .4  x  10-6  sec- l
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Flture 1. Baking Study Apparatus.
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Flturc 3. lloleg of Caaes c€necatéd Durint
Isotherral Heat Treetment V€rsus
Tenperature.

Uslng the Arrheniue relationrhip, the
activ¡tlon enecty B sa8 daterul,ned ag
52.3 kcal/nole, lhls activatlon enert!¡ ts
easentlally tdentic¡l to thst regorted ln the
l i tereture for pitch polyosrizetion.5

Xonlsothern¡l Gag Evolutlon Studle¡

cas evolutlon data ter6 obt¡lnad ea th6
€l€ctrode ¡rss heated fcon room t€nperatur€ to
850'C ab a rate of 120.c/hour. & shorn ln
Figure 4, the nonlsothe¡.nal ts8 evolutioo
exhibiLed two peaks rlth the first occurring at
about 4óO.c and the gecond at about t3O.C tith E
nininum at ebout 580.C. These data can be used
to calculate the pressure dletribution sithln ¡
carbon ar t l fac t .o

roncond€nsibla CaB Anslvlls Re8ults

sanples of the nonconden¡ible taaea y€re
collected st dlfferent t€Dporetura¡ and anelyzad
bt tas chronetography. The coupoeltlon of the
3ae streen ae e functlon of teryer¡ture l¡ ghorn
in Flgure 5. the nain t.see produced sro H2
.ad CHI sith a voluoetr lc rat lo of ¡ l : I .  Tta
ra¿Io of H2lCHl i¡ fairly conetant froa
5oO-E00'C and th€n incre¡ses abova SOO.C.

Dlscus8ion of Reaults

The evolutlon of noncondansible tases up Lo
.50'C follows flrgt order kinetlcs wittr en
¡ctiv¡tion €n€rty of 52 Kcel/mole. fhe avolutlon
of Lhese tases c¡n likely be associ¿ted rlth the
gitch pol¡merization reactlona rt¡ich exhlbit
:irilar tinetics. Abovs SOO.C, the gas evotutloo
rate decreaees. Tt¡is chante in rate (plgure zl)
ry be related to ths solldlflc,etton procese ln
tr¿nsform¡tion of pitch to coke. At ¿his

rErnEun¡iE.c

Flgure 5. Gonposlt ion of Cases Gen€rated During
Bekint Vérsus temperaLure.

ten¡rerature, chenlcal changes are occurring in
the solid rether than ia ü¡e llqutd s¿ate.
Slollac results have been obtalned Ly C."lr,k"l
fron nolecular welg,ht n€asurements. Sons of ouc
prel iulnary. studies lndlcate that a dlf ferent
re¡ctlon neóh¡nlsn ig aesoclated slth the second
gaa evol.utlon p€ak thet occurs et 73O.C.

Flgure 4. 8at. of cas
, fenper¡ture.
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