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lntroductlon

S€versl of the steps in the n¡nufacture of
graphite and carbon artlcles involve slnul.taneoua
heat tranefer, che¡rical reaction cith tasaoua
by-pcoducts, and diffusion of gasea through the
pores. The pcoblen of the floy of tases through
porous nedla h¡e been studled extansively.l-l-
Hoeev€r¡ for .carbon proceaaoa, the ¡dditlon of
si¡n¡lüeneous he¡t trangf€F and chenical r€¡ction
lrpoees speclal colplieatlong ln the nodellng of
the tss flow. Since the reection r¡to is
t€ryerature-dependent, a t€úperature tredi€ntrithln thc porous carbon ¡rtif,act rill causc
spetlal dependence of the rsto of tasproductlon. Althou¡,h carbon ¡rtlcles exhtbiL
sone perneabllity, the ¡llo¡¡ble free 3ea flou
tfrouqh the existing pores ls flnite. The blgger
the difference betreen the rate of gas generatlon
and the allos¡ble gas flor rete at any polnt in
the article, the higher the pressure developed at
that point. In this paper, the problen ofpcesaure dfsLribütion in e cErbon article aa
functlons of space and tlne ls addressed by
applying the prlnciples of n¡¡ss, €n€rt!¡, and
Íton€ntun conservatlons.

llodel Foru¡latlon

. Cas evolutlon curees ea a function of
terry€raturo during pitch earbonlzation h¡v€ b€en
obtalned 

^ and reported cleoehere.4 The n¡Io
votun€ of tas€8 ere evolved above 55O.C, after
the pltch ha! tranafo¡med to cote. 

--thc 
aese:

:y.Iy:|. du.rint thts sraEe (S5o_85o.c) heve been
r.oenEltred- ea nainly H2 and CH¿ sith avolu¡netrLc ratio of Hztclf.i equal to- 4:I. In
thls t€ryerature ragtoin, 

-.."bor, 
artlcle¡ ar€

infuslble ¡olids rith soofr d€volopedp€rre¡bllity. If the tas generation rate lshlgher than the alloteblo flos rate throug,h thisper.neebillty, sono presauro will be developédyithln the carbon article. A úodéI forcalculating this pcessure ls develoged In thispaP€r.

Conservatio¡ of ltass

.. Th: contlnulty equatlon for the flor of gases
through a porous nediun is:3

*trero: c is tha porosity of the carbon artifact;
vo ls the volune flos rate through a

unit croaa_sectional area; and
S is the rate of gas generation.

I Cons€rvation of Honentun

The peneral equation of motion ([8vier_stokes
oquatlonJ) is very conpllcated and
unsurnountable dlfficultiee rould be encounLered
if Íe trt€d to incocporate i¿ in tlre mod€I.
Instsad, an enpirlcal corfelation, knonr ea
D¡rcy.a Ler,r ul l l  be used:

i ^ . ¡ ( g e _ p i ¡o u

rt¡ere: r is the petrneabllity of the c¿rbon.

( 2 '

art l fact; and
y ie the viscosity of ühe gas generated.

Cons€rvatlon of Enerrv

Ths heat bransfer equetion is:3

f f -v .ovr ( 3 )

rücre: c ig the thernal dtffusivtty of the carbon
¡rt l facü.

Equatlon of st8t€

ideal tas eguation of state he¡ b€en
used. At high teuper¡tures (> 550.C), this
equatlon should holtt rith a good approxirnation:

p _ S  ( 4 )
ET

rhér€: tf is the everate molecular weight of the
_ outgoing gases; and
R is the ideal gas constant,

Conbinlnt Equstlons ( l) ,  (2), and (4) and
nstlectint the gravlty ter:1, we qet:

3¡, f f ,=e.( f f )ep+s. i  (s)
?he initial and boundary condltlons for a
cyllndrical article heated at the surface rlth a
heatlng rate h are (Flture 1):

t i3 " -v .p io+s (1)
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Equstlon (5) conblned elth th' geuafton of

he¡t Lr¡n¡fcr lrquotion (3)) rhor¡ld- tfve th'

;;"";.11-*;ih'ti;-;; 
runctlon¡ or tln¡ and

8P¡c3.

h¡n¡ric¡l Solutlon

Equatione (3) and (5) c¡n bc decouplad end

"orrrli--irrC"Pen<len¿ly' 
the thenr¡¡l- dlffusivlby

;;;; ¡ee; ireated as e function of LenPerature

(c o 6 (T)). Th' 
"of"t iott  

derlved ls of the

foltorlnS genaral forn:

¡ : t ( o r h , t ' r ' ! )  
( 6 )

Ttre parameters of Equatlon (5) heve beon

.rrp"""".d a¡ functlon¡ of tengrrature:

1 ,  P o r o s l l y  c '  ( 0 ' 0 3 5 5  x  t  +  o ' 4 ó ) / 1 0 o
t  >  550 'C.

2. Perneebll i tY u '  O'O23 DarcY'8
t > 550'C

3. lloloculer seltht of Saeeour Products:

;-:-l¡iit. prcvlou¡ vort{ tr¡g deteroi¡¡d

that the t¡36ous producte bctH€3o 550-85O'c

¡re Hr end CH¡, the ml' tr¡ctlon

"^¡cni 
ls conitant ln thls t'r4€rature

iá.¡"'"ta equrls 4:1' Therafore' re c¡ll

c. lculat€:

T ' 0 . 8 0  x  2  + O ' 2 0 x 1 ó ' 5  t >  5 5 O ' C

A. vlscoslty of th€ 888 Products: l¡ . ' ,ulT)

can bs obteineo fioo iht 
"otpott"ttt 

vtscoslLles

,tti.h .t. decived froo Arnold'g

correlEtions ' -

5. Bale of ceactlon (ro¡ss of gasas

iroáuce¿ltfnc/volune 
of cerbor¡- article):

i5---sCrlt '  fhe r¡ta of-reactlon hes been

ú€asured end rePorted before''

Slnce every tem of Equatlon (5) h¡s been

"t 
p;;;;¡ ." 

" 
e"""lion of teqerature and the

teqrsrature has been e'(Pfessed ss a function of

;ñ-*d sP8ce (Equatfo¡ <e l) '  numerical solut ion

if- squ¡t ion (sl si l l  give the Pressure

di¡trlbutlon.

Rest¡lts and Dlscugsion

Tlro oxeqlet are cited for Lhe esse of E

"vrfiorfc¡i 
carbon artlfact' rn the first

exaqrle, the ¿e4€returé throuthout Lho art'lcle

ls gsaunod to be changing rfth tlne onl'y

(T . l(t)). A3 sxPecte¿' iha nsxin¡m gressure is

doveloged Et the cer¡tea and et the geal of tho

i]"--.-í"r"¡iL.¡ Thereafter, the pressure drops

bccau¡s of tha decr€ale in the gas evolution rste

(Ftgur. 2).
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Figure 3. Pressure Dlstribution'

Fl¡,ure 2. Preseure Dlstr ibution (No I Gradlent) '

In th€ second exa¡¡Ple' thc teúPeretura

p"ofii" is obtained first Ás function of tlne anó

;;;;;: thereafter, ttre pressur? Plgfire hag been

.[1.i".¿ and results are sho¡m in Flgure 3' sor$e

lnterestln¡, features aPPeEr i" !11:- 
flgura' As

se r¡ise th€ t€úPoreture fcom 550'C' t-tre outsr

surface and fEE 
-victf¡y 

are aE hlgher

iltp.""at..s and, therefors' the rlte of tag

evolution ls hlgher'lit" i¡ Is a! the center'4

ñil-á; ."r, .ñttt" rhy the n¿xln¡r pressure ls

i"t"rip"o inltialty ctoee to Lhc surfacc' aa

il"i-"'" fn 
-"át"t 

is et a tstÍPoratura lorer than

the P.8k of gae evolutionA (ebout 730'C)' tho
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above patt€ro ¡rill be followed and the peak rill
Eppear at a position betrsen the center and the
surface, rnoving, ln the dlrecüion Lo¡rards the
center of the ertlcle. Ae aoon aa the center
re¡chee th€ nsxlm¡¡ tas evolution rate
tenperature (about 730.C), the naxinrn proaaure
sill be developed at the center, Tt¡ereafber, due
to the contlnuou¡ decreege of tas evolution ¡t
alL the points, the n¿xünum pr.saur€ startg
dropping, but the peek alweys renains at bhe
centee.
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