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Kinetics of the Oxidation of Graphite by the Impinging Jet of Gas
Shoji TanicuoH1, Atsushi KikucoHI, and Siro MAEDA

Synopsis:

A study has been made of the oxidation rate of graphite by the impinging jet of CO,-CO mixtures,
in order to analyze the mass-transfer characteristics in the gas phase in the reactor used for kinetic
studies on the refining reactions between gas and molten metal.

The results obtained are as follows:

1) The rate of oxidation at 1500°C is controlled by the mass transfer in the gas phase.
Sherwood numbers Sh(=k¢ d/D) are correlated by the equation,

Sh=n(rs/d)~1-5(du p/p)0%6(u/pD)05 (n=0.3240.06),
where k¢ is the mass-transfer coefficient for gas phase, d the inside diameter of nozzle, ry the radius
of graphite specimen, u the velocity, p the density, p the viscosity, and D the diffusion coefficient
of gas. The properties of gas and u are calculated at the reaction temperature under atmospheric
pressure, based on the composition and flow rate of the gas entering the reactor. Average Sherwood
numbers for the decarburization of liquid iron estimated from published data are roughly consistent
with those given by the above equation.

2) The chemical reaction rate (—r,4) of oxidation of graphite in carbon dioxide at temperatures
from 1000°C to 1300°C is expressed by the equation,

—ra=k p5 (ky=117.5exp(—43800/RT)),
where &, is the rate constant of the reaction (COz+4 o —>CO+0O-¢, g=active site, O qg=adsorbed
oxygen), p3i the partial pressure of CO, at the surface of graphite, R the gas constant, and 7 the

Average

reaction temperature.
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Fig. 2. Schematic diagram of reactor,
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Fig. 3. Weight change of graphite with time.
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Table 1. The activation energy E,.

Investigator Carbon Temperature range [°C] E;x10-3[cal/mol]

W. K. LEwis, et al® New England coke 802~ 1093 47.9

P. C. Wyr013) New England coke 900~ 1 050 61.7

P. C. Wyr013) Electrode carbon 900~ 1 050 50.1

M. MENSTER, et al.™) Spheron 6 750~ 850 54.1

H. D. Beyer, et al.1?) Ruhr coke 900~ 1 100 54.3

H. J. GRABKE®) Graphite 700~ 1 100 41.0

This study Graphite 1 000~ 1 300 ‘ 43.8
LB oTwaonhidbh, k BREKRNTHLbE 5 .
ne. P =l

SN 2T PSS .
b=k £, / "2
1=k, expl — RT ) e (]4) ?;?::] —’/ Y J/A
controis s .A_:,‘_'_’f.---.”:._.'..__.
ky,=117.5 [ mol/cm?- sec-atm] - 1f / B///A/Q’S— :
E;=43.8x103% [cal/ mol] * 05 /"/;O' —
(o)
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THD. 0 02 430
. ] ODZ L i 1 Fa— Y
Table 1 X b, ERAEOME, »— &> ORI X D WO WD W0t
t (°C

DT E) WIKERZERRHLDLRE V. T, &E
Er & [R CIREHEHT E, %RDIMIEIII\ DS, FKER
TB37- E, 11700~ 1100°C DiEE i C GRABKE pifE
7L L —FHLTVS.

3.5 BEOR{LEEORE
SAHNETEE) & LS RS DG E BRI A & ic
IN/DT, ZOHEREBCTREOR{LEE 2T L
THB. kg, kb Z(6)RFIVCAHR L DFIHL, @
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Fig. 13. The rate of oxidation as a function of
temperature at d=0.96, H=3.0, H,=0,
solid line calculated from Eq. (4), (6),
(13), (14), dotted line calculated from
Eq. (4), (6), broken line calculated from
Eq. (13), (14).
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T ZTCHEMOBRKEICOEAD Sh EARERK(6)xN
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E =1
D« ZURR YRR R E (em?/ sec)
Dy : (I8 (cm)
d: s XLrRE (cm)
do: 7/ ANHE (cm)
Ey: (8)RoEREDIEM L= 5 /v ¥ — (cal/ mol)
H:gt\tmEe /7 Aok (c¢m)
Hg: 38 LT L 52 Lo b (cm)
K, : =k/k, (-)
K, : =k, /K, (atm)
Ke: (1RO RIG D F ik (=K,-Ky) (atm)

kit (8) R0 RGO IE R FE 52 3

( mol/cm?- sec -atm)

Ky (8) R FUG o ¥ BLIG 3 B 5 $X
( mol/ cm2- sec-atm)
ky: (DROFEDOERGEEE K
( mol/ cm2- sec)
Ky o (9) R o B G o3RG 3 v i
( mol/cm?. sec-atm)
kyy i ki OBERT ( mol/cm?- sec-atm)
ke : [MAMER &R (=D/9) (cm/ sec)
m: (2)ROEK (=)
Ny A B oBEEF~OSHNYEB & EE

{ mol/cm?- sec)

no: (6)RX 5wk (=)
P.FRroLHE (atm)
phi AMEERICE TS CO, oHE (atm)
pit BISBAOK ST S CO, o E (atm)
P A-TEREIC RS CO, OHE (atm)
ph i E-ERMIZE TS CO o E (atm)

R : 7255k
(atm-cm3/ mol-K) # 7% (cal/ mol-K)
Re: vA 7 L ZA¥(=dup/p) (=)
—ra AL RICEE ( mol/cm?. sec)
—r s R (g /cm?- sec)
(—=r)c: AMBANMEBBHERECE & OBR{LEE
(g /cm?. sec)

re: BB DR (cm)
Sc: va 3y bE(=p/oD) (=)
Sh: s —% 5 Fi(=ked/D) ()
T,t: KIGIREE (K), (°C)

u: =Vi"/(60xd?/4) (cm/ sec)

Vi BISBANIICE T D A A& (TK, Patm)
(cm3/ min)

Vey : MG AMIC 31 5 # A (0°C, latm)
(cm3/ min)

W:RBER (g)

Wo: i ER (g)

yir /BB AORKE TS CO, oA nRE (=)
¥ U WF

6 HABBEOE S (cm)

6 : KRG EER ( min)

g HADRE (TK, yi* ki % fE)

(g /cm- sec)
¢ =—r/(-1¢c (=)
o #ADEE(TK, Patm, yi" &) 5(H)

(g/cm?)
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