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The decarbonization of iron—carbon alloys in argon-oxygen mixtures was studied at oxygen pressures from 104 to 102

atm,, carbon contents from 2.0 to 4.59% and temperatures from 1290 to 1510°,
The rate of evolution of CO + CO, could be represented by either of the ex-

boats and crucibles of varying dimensions.

The alloys were held in recrystallized alumina

pressions d(CO -+ COp)/dt = £pOsdgmdem or A(CO + CO,)/dt = £'p0:40(Aem + Aom), where Az and A are the areas
of the gas—elt and crucible-nielt interfaces, respectively, aud % and %’ are constants the values of which are given by & =

1.3 X 102 ~10,000 (=3,500 BT mglecules/sec. atin. ecm.* and 2’ = 9.6 X 1019 ~10,00 (* 3.500/8T molecules/sec. atm. cni.
present results are not sufficiently extensive to distinguish between tlese possibilities.

The
The results support the conclusion

that elimination of carbon monoxide occurs solely at tlie crucible-melt interface, and a kinetic expression is derived which

accounts in part for these observations.

Introduction

The oxidation of carbon dissolved in liquid iron
has been the subject of numerous investigations.
The results of early work have been summarized
fully elsewhere.? The basis of present concepts
regarding the mechanism is due largely to Darken?
whose expression for the rate in terms of carbon
monoxide evolution (molecules/sec.) under condi-
tions favorable for nucleation in the open-hearth
furnace may be written

dCO/dt = DyA([O]se — [O])/A &Y

where D, is the diffusion coefficient of oxygen in the
metal, .4 is the area of the slag—metal interface and
([O)se — [O])/Al is the concentration gradient of
oxygen across a postulated boundary layer of thick-
ness Al in the metal adjacent to the slag.

The importance of nucleation as a rate-deter-
mining step was emphasized by Larsen,* following
the work of Kérber and Oelsen.® This concept was
further expanded by Richardson,® Sims’ and
Vallet.® Although it has been generally agreed, in
the light of abundant experimental evidence, that
such a process must play a significant role in deter-
mining the over-all rate, it has been generally
recognized that nucleation alone cannot be rate-
limiting under open-hearth conditions. Darken??
has suggested that the over-all rate is governed
simultaneously by the rates of the two processes of
oxygen transfer from slag to metal and from the
metal into expanding bubbles of carbon monoxide;
these processes were regarded as being so closely
coupled that the rate could be controlled by chang-
ing the conditions at either interface.

In spite of the success of this theory in account-
ing, at least semi-quantitatively, for the observed
rates of decarbonization under industrial condi-
tions, a detailed description of the mechanism has
remained uncertain.’® The present study was
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undertaken in an attempt to define more closely
some of the factors which govern the rate under
laboratory conditions. The decarbonization was
studied in argon-oxygen mixtures at high flow rates
and at partial pressures of oxygen in the range
1072 to 10—* atm. Rates were determined by
measuring the rates of evolution of CO and CO..

Experimental

Apparatus.—The apparatus is illustrated in Fig. 1.
“"Welding’’ grade argon was dried by passage over magie-
sium perchlorate A and the last traces of oxygen were re-
nioved, when required, by passage through "pyrophoric’’
copper B at 200°.1! Oxygen at known partial pressure was
added to the metered argon stream by allowing the gas to
pass downward thirough furnace D, 40 mm. in diameter,
packed with cupric oxide wire. The temperature of this
furnace, as indicated by a noble metal thermocouple located
in the wire at the hottest zone, was varied between 600 and
1000°, depending on the desired pressure of oxygen. The
temperature was uniform to within &= 5° over a length of 10
cm. in the hottest zone. Tle copper oxide was regenerated
before each experiment by a stream of oxygen. This furnace
served also to oxidize a trace of CO present as an impurity in
the argon; CO, was removed in trap E cooled with liquid
oxygen.

The reaction furnace G was wound with Pt-109, Rh wire
and was equipped with a horizontal tube of recrystallized
alumina of 35 to 40 mm. i.d. The argon-oxygen mixture
was preheated by passage through a region P packed with
alumina chips held in place by plugs of mullite wool. Tle
alloy M was contained in a recrystallized alumina cruciblell
supported on a sled of stabilized zirconia which, in turn,
rested on rails of mullite tubing which served to protect the
furnace tube from thermal shock. Temperatures were
measured by a Pt-Pt/13% Rh thermocouple located inside
one of the mullite rails, with its junction directly beneath
the crucible, The temperature was uniform to within &= 1°
over a length of 7 cm. and was automatically controlled to
within 0.5° by a saturable core reactor in series with the
furnace winding. The imipedance of the reactor was varied
by a controller which sensed the temperature of the furnace
by means of the thermocouple and operated through a
miagnetic amplifier.

The gas which issued from the furnace was analysed cheini-
cally for CO and CO; in the apparatus shown in Fig. 2.
CO. was removed in trap R which was cooled in liquid oxy-
gen. Residual CO was oxidized by cupric oxide at 400° in
furnace & and retained as CO; in trap T, also cooled with
liquid oxygen. The remaining gas was vented via ‘'Asca-
rite’’ in tube U. The CO, retained in either trap was de-
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Fig. l.—Apparatus: A, maguesium perchlorate; B, pyro-
plioric copper, 200°: C, flow mieter; D), furnace packed with
cupric oxide; E, liquid oxygen trap; F,}, dibutyl phthalate;
G, reaction furnace; H, window; L,L, evacuated bulbs;
M, alloy; P, alumina chips, mullite wool.

gassed, condensed in V, and measured with McLeod gage
W in the calibrated volume between stopcocks X and Y.

In later experiments samples of gas both entering
and leaving the reaction furnace were analysed mass
spectrometrically for CO, CO, and O.. The samples
were withdrawn in previously evacuated bulbs L, Fig. 1.
When this procedure was employed, the gas which issued
from check value J was allowed to flush the annular space
between the alumina tube and the refractory tube of the
furnace.

Materials.—Alloys were prepared from iron sponge of
high purity for which a typical analysis (p.p.m.), as sup-
plied by the manufacturer, was Si, 8; Mn, 3; Mg and Na,
2; Ni, 1; Cu and Ag, each < 1; 43 other elements sought
but not detected. This material was melted in argon with
"‘spectroscopic’’ graphite powder in a graphite crucible also
of ‘‘spectroscopic’’ grade. Before use the crucible was
further purified by heating in a stream of Hp until H,S could
no longer be detected in the effluent. “‘Pin’’ samples of
liquid alloy were withdrawn in silica tubes and quenched in
water. These were cruslied, sieved and analysed for carbon
as well as for possible contamination by silicon, which never
was detected (Si < 0.001 ;). Alloys of lower carbon con-
tent were prepared by mixing material prepared in this way
with iron sponge.

Procedure.—Alloys were charged to or withdrawn from
the furnace while it was flushed with argon, and a flow of
argon was maintained until the required temperature was
established. Zero time was taken as the time at which oxy-
gen was introduced to the argon stream.

When analyses were performed chemically, decarboniza-
tion was allowed to proceed for a measured interval during
which the products were collected continuously. The melt
was then held in a slow stream of purified argon until the
analysis was completed, whereupon decarbonization was
continued for a further interval. This procedure avoided
undue depletion of the melt in carbon during an analysis.

When analyses were performed mass spectrometrically,
the rate of decarbonization at the time of sampling was de-
termined directly from the flow rate and the composition of
the effluent gas. Analysis of samples taken at the inlet al-
lowed rates to be normalized for slight variations in the oxy-
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Fig. 2.—Analytical section:
S, furnace packed with cupric oxide;
cold finger; W, multiple-range McLeod gage;
brated volume.

©

R,T, liquid oxygen traps;
U, ""Ascarite’; V),
X,Y, cali-

gen pressure and permitted a check on the percentage cou-
version of oxygen. This technique was employved in most of
the experiments reported.

At the end of a series of measurements the allov was re-
moved, quenched in water and analysed for carbon. Tle
carbon content at any time during an experiment was esti-
mated from the final carbon content and the measured rates.

Results

Figure 3 shows the results of experiments de-
signed to check the accuracy with which argon-
oxygen mixtures of known composition could be
prepared. The gas from the copper oxide furnace
D, Fig. 1, was passed through graphite at 1000° to
convert the oxygen to carbon monoxide which
subsequently was analysed chemically. The line
in Fig. 3 corresponds to the data compiled by
Coughlin'? for the free energies of formation of Cu,O
and CuO. The present results are well within the
limits of uncertainty of this line. The compo-
sition of the argon—oxygen mixtures was independ-
ent of flow rate up to 60 cm.?/sec., the highest
flow rate employed, and of the total volume of
argon which passed through the furnace up to a
maximum of 130 liters. Partial pressures of oxy-
gen were reproducible to within 2.5%.

Blank experiments in which oxygen was omitted
from the argon stream vielded rates of decarboni-
zation of the order of 10~7 g. C/sec., or less than 19,
of the lowest rates observed in the presence of
oxygen. Allowing for differences in crucible-melt
area, blank rates were of the same order as observed
by Parlee, et al.'® and were attributed mainly to
reaction of the melt with alumina. These rates
decreased rapidly with time at 1375-1500°, the
deceleration being greater at the higher tempera-
tures. This may be due to establishment of
equilibrium between the melt and oxygen contained
by the crucible or to inhibition of the crucible—

(12) J. P. Coughlin, Bureau of Mines Bulletin 542, U. 8. Govern-
ment Printing Office, Washington, D, C., 1854,

(13) N. A. Parlee, S. R, Seagle and R. Schuhmann, Jr., Trans. Me..
Soc. A.I.M.E.,, 212, 132 (1958).
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Fig. 3.—Log »O: in gas vs. 1/T for cupric oxide: O, experi-
mental; , from compilation of Couglilin.1?

melt reaction by formation of a solid product at
the interface. Higher blank rates were observed
when lime crucibles were used in place of alumina.
This was attributed to a greater crucible-melt
interfacial area due to the rough texture of the lime
crucibles as compared with those of alumina.

In all experiments the main product of decarbon-
ization was CO, while the content of CO in the
products was usually less than 59%. Checks of
the material balance in various experiments showed
that the loss of carbon equalled to within 5% the
total carbon evolved as gaseous oxides. Similarly,
the oxygen in the products always corresponded
within 39, to that consumed. Thisestablished that
extraneous effects, such as the deposition of FeO in
the furnace tube, were insignificant. Some alloys
were analyzed colorimetrically!* for aluminum at
the end of an experiment. None was detected
(A1 < 0.001%).

Rates of decarbonization were independent of
flow rate above 20 cm.3/sec. under all conditions
studied. In general, flow rates of 52 cm.%/sec.
were employed. Percentage conversions for oxy-
gen were usually less than 209,. Exceptions were
for melts of surface area greater than 5 cm.?, when
conversions as high as 409 were observed at flow
rates of 52 cm.?/sec. and oxygen pressures of 0.5
X 10—%atm.

With other variables held constant, the rate of
decarbonization was directly proportional to the
oxygen pressure over the range 1 X 107 t0 0.9 X
102 atm., as shown in Fig. 4. In some of these
experiments (5, 8, 12) the alloys were held in argon

(14) P. H. Scholes and D. V. Smith, 4nalyst, 83, 615 (1958); J.
Iron Steel Inst., 196, 190 (1960).
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Fig. 4~—Rate g5. pOs: X, boat, T = 1380°, [C|initial
4.50%, 1Cltinal = 3.77%; @, boat, T = 1440°, [Clinitia1
4.50%, [Cleina1 = 3 72%; 0O, boat, T = 1381°, {Clinitia =
4.34%, [Cltins1 = 3.569%,; M, cylindrical crucible, T = 1381°
[Clinitial = 4.56%, [Cltinal = 4.42%, Agmn = 1.70 cm.%, Aem
= 6.84 cm.?; O, cylindrical crucible, T = 1381°, [Clinitial =
4,15%, [Cltina1 = 3.89%, Agm = 7,55 cm.?, Acm = 13.09 c1n.?,

between successive measurements while the tem-
perature of the copper oxide furnace was adjusted.
In other experiments (47, 48) the temperature of
the copper oxide furnace decreased continuously
during the experiment.

The effect of carbon concentration was studied
over the range 2.0 to 4.5% C. Variation of the
carbon content was accomplished by allowing de-
carbonization to proceed for measured intervals
between successive determinations and its value at
any time was calculated from the measured rates.
Data therefore were obtained using the same initial
alloy and in the absence of variations in the gas—
melt and crucible-melt interfacial areas. Values
of [C] are plotted against time for four experiments
in Fig. 5.

The effect of temperature was studied over the
range 1290-1510°. The same initial alloy was
employed in each series of measurements, and
rates were normalized for slight variations in oxygen
partial pressure. Plots of log [(—dC/df)/pO:]
against the corresponding values of 1/7 yielded
a series of lines of approximately equal slope but
with significantly different intercepts depending
on the geometry of the melt.

Table I shows the results of experiments designed
to establish the effect of gas—melt interfacial area.
Shallow cylindrical crucibles of varying diameter
were employed.

Discussion

The results have been interpreted on the basis
that the primary product of the reaction is CO and
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Fig. 5.—Carbon concentration vs. time for various experi-
ments: [, cylindrical crucible, T = 1380°, Agm = 7.56 cm.?,
Aem = 1490 cm.?, pO; = 6.30 X 1073 atm.; O, cylindrical
crucible, T = 1380°, Agm = 5.23 cm.?, Aem = 11.82 cm.?2,
p0s = 1.03 X 10"%2 atm.; @, boat, T = 1454°, Agm =~ 3.3
cm.?, Aem =~ 6.1 cm.?, pO; = 1.67 X 10~ 2atm.; -+, boat, T =
1454°, Agm = 3.5 cm.2, Aewm = 6.5 cn.?, pOy = 1.51 X 10-2
atm,

that CO, arises almost exclusively by subsequent
oxidation of CO as a homogeneous reaction in the
gas phase. CO has been observed by Blyholder
and Eyring!® to be the primary product in the re-
action of graphite with oxygen at high tempera-
tures.

TaBLE I
EFFECT OF ALLoy GEOMETRY AT 1380°
Rate of
decarboni-
Mass of zation,
Mean Agm, alloy, pO2, atm. molecules
Expt. [Cl, % cm.2 2. X 10-2 X 104/sec,
37 3.71 5.23 29.29 1.03 4.02
38 4.17 1.72 12.45 0.80 0.678
39 4.19 7.56 39.16 0.63 3.92
40 4.20 5.19 43.73 0.456 2.41
41 4.21 2.96 25.44 1.36 2.49
42 4.00 7.40 53.21 0.913 7.31
43 4.15 1.77 8.20 0.467 0.283
44 4.39 2.84 24 .50 0.27 0.542
45 4.40 4.63 22.53 0.227 0.668
46 4.47 2.90 16.17 1.33 1.74
47 4.49 1.70 12.99 0.359 0.282
48 4.02 7.55 29.59 0.246 1.38

The most significant observation concerning the
rate was derived from the data in Table I. The
rate per unit pressure of oxygen was not a simple
function of the gas—melt interfacial area, Agm, as
expected for a single surface reaction in which dif-
fusion of reactants to this interface is rate-con-
trolling. Inspection of the data revealed that the
rate per unit pressure per unit gas—melt interfacial
area was directly proportional to the crucible—
melt interfacial area 4. as shown in Fig. 6.  Values
of Acm were estimated from the weight of the alloys
assuming a value of 6.88 g./cm.3 for the density
of liquid iron.

(15) G. Blyholder and H. Eyring, J. Phys. Chem., 61, 682 (1957).
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The rate thusis given by the expression
d(CO + CO2)/dt = kPO2AgmAcm (2)

where % is the slope of the line in Fig. 6.
A further expression which was also observed
to fit the data within the limits of error is

d(CO + CO)/dt = k' pOsdym(Aem + Agm) (3)

as indicated by a linear plot of {d(CO + COy)/
dt}/AgmpOq against (Agm + Aem). The present
data are not sufficiently extensive to distinguish
between these possibilities as, fortuitously, the
ratio Aem/(Agm + Aem) was approximately con-
stant in all experiments.

Values of log % for four experiments are plotted
against 1/7 in Fig. 7. A single point has been
included for the data in Fig. 6. The valueof 2asa
function of temperature is given approximately by

k = 1.3 X 10%¢—10.000(¥3.500/RT molecules/sec, atm. cm,*

A similar plot yields for &’
k' = 0.6 X 101%~10000(+3500)'RT ppglecules/sec. atm. om. 4

These plots do not eliminate slight variations in
the temperature coefficient observed with different
initial alloys, so that the over-all temperature co-
efficient appears to be complex.

The simultaneous dependence of the rate on 4gm
and A.m must be interpreted to mean that the rate
is defined by at least two steps, neither of which
alone is rate-limiting under the conditions em-
ployed. This supports the conclusion of Darken®
for the rate under open-hearth conditions. In line
with the mechanism proposed by Darken it is
assumed that the rate is governed by diffusion of
oxygen atoms across boundary layers in the metal
at the gas—melt and crucible-melt interfaces. It
is also assumed that the rate at which oxygen
reacts at the gas—melt interface is governed by the
extent to which available sites are occupied.

For diffusion across boundary layers of thickness
Aly and Al, at the gas—melt and crucible-melt
interfaces, respectively

dCO/dt = Dydem([Olem — [0])/21 (4)
and
dCO/dt = Dedem([O] — [Olem)/ Ak (5)

where [Olgm, [Olem and [O] are, respectively, the
steady-state concentrations of oxygen at the gas—
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4.47%, [Cltina1 = 3.73%; @, Agm = 740 cm.2, Ao, = 17.49
cm.?, [Clinisint = 4.60%, [Cltinal = 3.48%; O, dgm = 1.77
cm.?, Ao = 4.94 cm.2, [Clinitial = 4.299, [Cliiaar = 4.05%,.

melt and crucible~melt interfaces and in the bulk
of the metal, and D, is the diffusion coefficient of
oxygen. It isassumed that concentrations may be
used in place of activities in the range under con-
sideration. Elimination of [O] between equations
(4) and (5) yields
dCO/dt = DDAgmAcm( [O]gm - [O]Gm)/
(AllAcm + Al2Agm) (6)
The rate of evolution of CO at the crucible—melt
interface is given by
dCO/dt = k2[Clem[Olemadem — k—?PCOaAcm (7)
or
dCO/dt = kraAem([Clem[O)em — mpCO) (8)
where &, and k—, are the specific rate constants for
the formation and dissociation of CO at this inter-
face, [Clem is the interfacial concentration of
carbon and « is the fraction of the measured cruci-
ble-melt area at which nucleation of CO occurs.
Substitution of [Olem from equation (8) in equation
(6) vields

_ dCO Al Aly 1
[O]gm - dt (DOAgm + DOAcm k‘zaAcm[C]cln) +
mpCO
9
[l

If it is assumed that oxygen is adsorbed as a
molecular complex at the gas—melt interface prior
to dissociation, the rates of condensation and re-
moval of oxygen are given by

dOs(ads.)/dt = k1AmpO(1 — 8) (10)
and

—dOy(ads.)/dt = k_14emf + (1/2)dCO/ds  (11)
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where %, and k-, are the specific rate constants for
adsorption and desorption, respectively, and 6 is
the fraction of the available surface which is
covered. From (10) and (11), in the steady state

dCO/dt = 2kiAgmpOn(l — 8) — 2k 1Agmd  (12)
@ is related to [O]gm by the expression
f = [O]gm/b (13)

where & is the value of [O]y;m which corresponds to
complete coverage of surface sites. Halden and
Kingery!® have showu that, for melts in alumina
crucibles at 1570°, coniplete coverage corresponds
approxiinately to a monolayer of FeO. The value
of b therefore may be taken as the concentration of
oxygen in FeO. Substituting the value of [Olgm
from (9) in (13) and neglecting the small term
mpCO/b[Clem one obtains
dCO 1§ ah Al 1
b= -3D0Agm DOAcm + kzaAcm[C]cm

&b E 14

Substituting for 6 in (12) and simplifying yields
for the over-all reaction

4co
d¢
2k1A8mAcmp02
24 m(R1pO2 + k1) ) 1 al, | AhAem!
ACI!’I g - -_— —_—_—
+ b ‘kﬁa[c]cm + Do + D()Agmg

(15)

Further resolution of equation (13) in terms of
measurable parameters is possible by substituting
for [Clem, using the relationship

dCO/dt = DeAem([C] — [Clem)/Als (186)
where Dc is the diffusion coefficient of carbon in the
melt. This yields a quadratic expression for which
a simple solution is not obtained except under
limited conditions. It is readily shown, however,
that [Clem in equation (15) may be replaced by
[C]l when DcAdcem[Cl/AL >> dCO/dt.  In the
present study [C] was generally of the order of
1022 molecules/cec. and Aoy was of the order of 10
cm.?. Using Morgan and Kitchener’s!” value of
5 X 107 cm.?/sec. for D¢ and assuming that
Al, does not differ greatly from the value of 0.003
cm. estimated by Darken for open-hearth condi-
tions, the value of DcAcm[C]/Al is observed to be
of the order of 1.7 X 102! molecules/sec., which is
significantly larger than the rates of 101 to 10*
molecules/sec. which were generally observed.
Replacement of [Clem by [C] in equation (15)
therefore appears justified under the present condi-
tions.

Equation (15) yields the observed dependence
of the rate on oxygen pressure if it is assumed that,
at the low pressures employed, kipO, << kb—;. It
is also intuitively of the form expected to yield
the correct dependence of the rate on Agm, dem,
$0:; and [C] under widely varying conditions.
Thus, at sufficiently high values of A4em, or cor-
respondingly low values of Agm and pO,, equation
(15) becomes, in the limit

dco 2814 gmp 020Dy
dt 5Dy + 28L(kipO: + k1)

(16) F. A. Halden and W. D. Kingery, J. Phys. Chem., §9, 557
(1955).

(17) D, W. Morgan and J. A. Kitchener, Trans. Faraday Soc., §0,
51 (1954).

17)
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Under the same conditions, combining equations
(12) and (14)
2Allk1p0~_:

6 % Dy + 28h(k:p0; + Fr) 18
Equation (17) therefore reduces to
dCO/dt = DyAgmb8/Al (19)

which has the form of a single diffusion step at the
gas—melt interface when the oxygen content of the
melt is negligible in comparison with that at the
interface. Stmilarly, at sufficiently high values
of Agm, [C]and pO., equation (15) reduces to

dCO/dt = Dodb/ Al (20)

which is the flux of oxygen to the crucible-melt
interface when the iron is oxidized completely to
FeO. A condition approaching this extreme case
was recently observed by Larsen!? under laboratory
conditions. Further limiting cases of interest are
readily derived from equation (15).

Equation (15) predicts that, at sufficiently high
values of [Clem the rate will become independent

of [C]. At low values of [Clcm, on the other hand,
equations (15) and (16) yield
dCO  bhade[C]
PP(:U_‘ = 1+ k_1 + bksa Als (21)
k1p O, De

i.e., in the litnit, the rate becomes first-order with
respect to [C]. A simple dependence of the rate on
carbon concentration over the entire range is not,
therefore, expected. This may account for various
apparently contradictory reports in the literature
regarding the influence of this variable. In the
present study the rate was independent of [C]
at concentrations above about 39, as shown by
linearity of the plots in Fig. 5 in this range. At
lower carbon concentrations, however, departures
from linearity were observed in a manner predicted
qualitatively by equation (15).

To account for the simultaneous first-power
dependence of the rate on Agm and Aem observed
in this work, it must be postulated that the de-
nominator of equation (15) does not vary with
small changes in these variables. Alternatively,
an extra term in the denominator is required which
is insensitive to small changes in Agm and 4em and
which is large compared with the existing terms
under the conditions employed. 4cm was not, how-
ever, varied extensively in the present study and
further work over a wider range is required to
test the general validity of equation (15).

In the derivation of equation (13) the effect of
surface activity of oxygen was not considered. It
has been shown by several investigators that oxy-
gen in liquid iron is surface active. The recent
work of Halden and XKingery indicates that the
excess surface concentration is approximately
proportional to the oxygen content of the melt up
to 0.049,, when saturation of surface sites occurs.
Strictly, equations (4) and (5) should be replaced
by (22) and (23), respectively

dCO/dt = DoAgm([O]gm -

[Olem*)/aL  (22)

and
dCO/dt = DFAQm([OiFm* - (O]nmj/‘ﬁ]‘z (23)
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Fig. 8.-—Eifect of solidification: [Clsinal = 0.1629,

where [Olgm* and [O]m™ are the interfacial con-
centrations of oxygen which would be in equi-
librium with the steady-state concentration of oxy-
gen in the melt. The use of these equations in place
of (4) and (5) does not alter the final expression
for the rate provided the excess surface concentra-
tions at equilibrium for the two interfaces are
identical. The results of Halden and Kingery,
however, indicate that a complete layer of oxygen
is formed at the alumina-melt interface at a
somewhat lower concentration of oxygen in the
bulk phase than for the gas-—melt interface. The
results are not, however, sufficiently extensive
to warrant this refinement at present. The
general form of equation (15) remains unchanged.

The significance of « deserves comment. The
value of this coefficient undoubtedly depends on
the nature of the surface at which nucleation
occurs. This is suggested by the work of Korber
and Oelsen® with glazed crucibles, as well as by
numerous qualitative observations by various
workers. Further support for this was obtained
in the present study when incipient solidification
of melts, due to depletion of carbon, occurred in
some experiments. Coincident with the appear-
ance of a second phase at which nucleation could
occur, a marked increase in the rate of evolution
of CO was observed, then a sharp decrease when
solidification was complete. The effect, illustrated
in Fig. 8 for an experiment in which the temperature
was varied continuously, is, however, complicated
by the abrupt change in solubility of oxygen at the
melting point.
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