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AbstracE

Oxldatlon klnetlcs for ttTGR graphllee, 2020 and PCX ¡¡ere

studled as a funcclon of  Pg.6 and P¡¡ ,  at  850"C rr lch large

Elzed block-ahaped epecfoené ln a c léeed sys¡en.  The reeul¡s

can be repreeenEed by an exlst lng raBe equacfon eucceseful ly .

Introductlon

L¿ter, Giberson and lfalker2 proposed an equalfoo,

k l  PRao

-
I  + k2 PH'/ '  *  n, tHro

The abtltty to predlct the orldatlon ratea for

the graphlte cooPonentr¡ 1n a Hlgh Teoperature Gae

Cooled R€actor (BTGR) under non¡al operaclon condf-

Elon as a functlon of tlne (uP to 40 years) and

under an accldents l  condf t fon,  ls  needed to est l -

6ate lhe srrength loee of the SraPhlce caused by

oxldaclon,  and aleo to calculate thé loPur l t les
levels 1n the lle coolant.

Gadaby et el.l ehoned that ¡h€ prinary product

of sleao-carbon reacclon ls carboñ nonoxide, and

that  the rate can be repreeented by an expreasl 'oo,

fn ueegureuent and Ehe dangere of exaggerated ef-
fecte of  burnof f  and catalys le.  Ideal ly ,  t r ¡o 8et8
of daca fron thin dfek sanplee and large eanplee
ghould be obtalned and conpared to understand the
ln-pore dl f fu¡ lon on the react l .on rates,  aeauofng
thst  the data f ron large sanples also fo l los the
relat fonship dlscuesed above. No systeBat ic Btudy
on oxlda¡1on k inet lcs of  HTGR graphl tee uslng large
eized eanplee hae been conducted, and ft naa at-
reopted !o deoonatrate che needs for  and benef i tE
of th18 approach, and at the saue cfne, to Eeaaure
lhe react lon conalants for  2020 (Stackpole Carbon
Corp.)  and PGX (Unlon Carblde) grsphf tes.

ExperL¡nental

Block ehaped (15.24 co x 5.97 co x 5.72 cn) 2020
and PGX grephltes ¡¡ere ueed for the experfu¡ents.
Tt¡e oxfdatlon racea ¡rere ueaaured aa a functlon of
¡ lne at  850"C wl th the fn l t la l  gas cooposl t lon of
500 ppu lI2O/5000 ppo lt2lbalance lle. Product g¡8es
CO, CO2 and CII{ l 'ere Eonltored vla lnfrared detec-
tors aüd ll2 and H2O sere deternlned by g8s chroua-
tography and dew poLnt neaeurerent, resp€ctlvely.
Af ter  a certafn perfod of  oxfdat lon,  the or idet lon
rate stays aluo¡t  conalant  and ehe H20 level  was
varÍed becrreen 5xl0-"  ac¡  and 3xl0-J atu.  l l2  level
rae algo var led bec¡¡een - lx lO-b at¡  and t . :x [O-2
atn,  whf le Eálntaln lng che l l20 level  at  -5x10-e

atn.  l lore de¡al1ed lnfonuclon can be found
elserrhere.3

Dlscuaslon

Sl.nce one of the purpoaes of thls pap€r 1s to
ghon r¡t¡ether uhe oxldatlon retea of lopure graph-
Ltee euch ae 2020 end PGX can be expreeaed by Eq.
( l ) ,  F for  2020 graptÉte ¡ras put  a8 l .  (The exact
value for F ls noc available at the tlne of wrll-
lng, and does not affect che reeults of this dis-
cuesloo.)  Equal l .on ( l )  can be reer i t teü as

R( rate)

R -

R -

¡rlth I nechanlgn fnvolvlng the dlseoclatlve adeorp-

tLon of  hydrogen on graphl te.  f f t ren the ef feete of

burnoff (F6) and cacelysls (F") are lncorporat-

ed,  the equat lon becoueat

nt ttro ' t

'  ( l )

I  +  k2  PH2l /2  +  k ¡Puzo

¡¡here F ls F"xF5.

to deterulne the reectlon conatanta by experl-

[ent8, thln dlsk speclneos are uaually uaed to úJ.n-

lnlze the effecr of ln-pore diffuslon on the ob-
gerved reacttoo races. Ilowever, uaing a soall sar
plc Lntroduces lhe neceealty for hlgh seosltlvity
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Figure  1 . Oxidation rate o f 2020

F- H 2

ux¡qaEJ]on raEe of 2020 graphite
as a function of p_ (at¡n) át
P , ,  = 5  x ' 1 0 - 4 a t m  a t  ü 3 0 " C .
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F igure  2 .

Grade Slope Intercept

2020 9 . 2 6 x  I  0 b ó . 4 8 x 1 0 7

PGX,
F  -  r 7 . 5

9.  298x1 0a 5.7 3x107

oxidation rat,e of 2020 graphite

:: "";;:Tli". iÍ-iu ""l,::ff ,
+ :  , " r , =  n .  3  x  l O - 3  ¡ ,  5  . 0 x l 0 - 3 a t m .

lable 2. Cooparl.eone of Slopea and Intercepts for
2020 and pGX Graphites
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Froo ¡ plot of l /R v¡. p-lyr l l2, 
rso relat loo-ehfpe.between k¡ r k2 and'kj c¿á ü-o6i ir- i iá. Equa_

tlon (z) can re rearranged ae

I
R

k3 l  + k2 Pl.zr l2

E* 
--T--

Frou a plot  of  l /R ve.  l /pg^6,  t r ro [ore re lat lon-
Ehips can be ob¡ain€d. Sfnóe r¡e used !$o levelc of l .
P¡¡o 1n thla atudy, ¡c have flve equatfone and
Ehlee unkno¡rne. For the plota, only C0 productlon
sae conglderedr and-CO levele eere conver led to
weLght loe¡ 1n g/es2/eec.  For 2020 graphl te,  the
slope and fntercept  f roo a plot  of  l /R va.  pn^J l2
(Ffgure l ) ,  and the lntercept  value of  5xlO7"fron
the plots of  l /R ve.  l /pg.6 (Ftgure 2)  waa ueed
¡o solve for  kr ,  k2 and k i .  Ttrege k valuee were
I t ren used to calcula le the s lopes for  the ploEs of
l /R v¡ .  l /P¡¡ ,6.  Ttre calculateá elopes and the
obgerved on¿t are conpared 1n Table l. The agree_
nenta ere very good.

Table l. Cooparlaone of Calculated and Observed
Slopee

Conclusfons

Ttre oxldatlon ráles f,or 2020 graphlce at g50"C
can be represented by the Gadsby-Illnehelwood
type equetfon.

Ttre oxlda¡Lon ratea for pGX graphite Ln envl.-
romenta úr l rh l t2 l l tzo -  1.7- f0 at  g50cC can also
De repreaenred by the Gadeby-tünehelwood type
équat l .on.

I t  ls  mre real let lc  ualng che oxfdet ion k lnec-
Lcs data generated f roo large s lzed graphl te
eaoples Ehan uslng those fron thln siopies fn
predlct ing rhe oxldat íon k lnel lcs for  the
graphlte corponenca ln the IITGRTe undet dlffer_
ent  condl t lone,  and the qual lEy of  the dsta
frou large aanplea Esy be bettlr than thac froú
snal l  g lzed saoples.
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Grade P ¡¡ ,  (atu)
Slope tn l /R vs. l /htZo

Calculated Observed

2020
4.5  x  l0 -3 9 . 3 9  x  l O f 9 . 2 7  x  l O f

8 x l0-3 l . 1 6  r  l O s l . l 9 5 x  l O s

. _For PGX Fl:phlrg oxfdfzed ln p¡¡^r5¡te-3 ¿¡¡
l ld_PttrO 

- 5xl0-{ - 3xl0-3 atr,  r treuzF value of
I/ .5 r.¡s uoed, Ehc reault ing slope and l¡tercept ln
:^l lot 

of.  l /R va. l /p¡¡r6 agreed l f trh Ehose froü
¿u¿u grapntEe ae ghor.n-ln Table 2. Agaln, the
agreeü€nta are very good.
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