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SILICON OXIDATION KINETICS
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The growth kinetics of Si0, films (100-18000&) on [100],
2Qcm silicon have been investigated between 900-1100°C with
additions of 0-9 vol.%Z HCl or 0-2 vol.7Z Cl, to the dry
oxygen ambient. The thickness-time data cduld best be
fitted numerically to a mixed linear-parabolic equation
that included a correction for fast initial growth. Equi-
valent amounts of chlorine (e.g., 2 vol.%Z HC1l or 1 vol.%
Cl,) produced completely different effects on the rate of
Si 2 growth. The quantitative effects of halogen additions
were studied in greatest detail at 900°C. At that temper-
ature, the parabolic rate constant increased linearly with
the HC1 concentration. At the same time, the linear rate
constant remained constant. Both rate constants did

change when Cl, was used as an additive. The effect of

HC1 additions Gn the parabolic rate constant reaches a
maximum around 1000°C. Possible mechanisms for the halo-
gen effects are discussedk_and it is seen that the gas
phase reaction 4 HC1 + 02 > 2 H20 + 2 012 is not reflected
in the growth kinetics.
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Introduction

In recent years several studies have reported on the
beneficial effects of adding small amounts (0~10 vol.%) of
chlorine containing species to the dry oxygen ambient during
the thermal oxidation of silicon wafers. Such additiomns
of HC1 or Cl, result in enhanced minority carrier lifetime
in the silicon substrate (1, 2), as well as in improved
electrical characteristics of the silicon dioxide when
subjected to high electric fields (3,4). The first effect
is generally thought to be due to the gettering and sub-
sequent removal as gaseous halides of a number of heavy
metal impurities, which would otherwise create states
near the center of the silicon band gap and thus serve
as recombination centers. The second effect stems from
the entrapment and neutralization of contaminant sodium
ions in the oxide close to the silicon surface, presumably
as a result of the earlier incorporation of chlorine in the
same region. Furthermore, the use of such additives during
so~called wet oxidation (i.e., oxidation done in steam or
in water-saturated oxygen) does not result in similar
beneficial effects in either the substrate or the oxide
1, 5).

Incorporation of chlorine into Si0O, grown under addi-
tion of HCl1l or Cl, takes place (5, 6, 7), and small changes
of the oxide refractive index have also been measured (7).
Although the overall Si0, growth rate as reported by Kriegler
et al is quite strongly enhanced by halogens, no kinetic
data have been published thus far as a function of temper-
ature, additive, or concentration. The present study
documents the changes in the oxidation kineties in
greater detail. It will be seen that such effects show a
particular dependence on the additive, i.e., the formation
of oxides in 0, + HC1 ("HCl oxides'"), follows quite dif-
ferent kinetics than that of oxides grown in O, + Cl

1" 1" 2 2
( Cl2 oxides").

Experimental Procedures

Chem-mechanically polished silicon wafers ([100]-
oriented, 1 1/4 in. diam., p-type, 2 Qcm) were used in this
investigation. Cleaning, oxide growth and ellipsometric
thickness evaluation were all performed as described
earlier (8). To obtain sufficient accuracy, single exper-
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iments were generally performed with three wafers at a

time. The commercial HCl and Cl, gases used were of 99.99+%
purity and no further purification was attempted. Mixing

of oxygen and additive took place just before the gas
entered the double-walled, fused silica furnace tube. Monel
pressure regulators and teflon tubing were used to handle
the corrosive gases. When working at oxidation temperatures
of 1000°C and higher, more uniform oxides could be grown

by inserting the wafers directly into the oxidizing ambient
than by warming them up in nitrogen (8).

The conditions under which the Si0, growth rate was
determined are listed in Table I. Cons%derable trouble was
encountered growing uniform oxides in O, + Cl at temper-
atures in excess of 1000°C, and no kine%ic analysis was
performed for Cl, oxides at 1100°C. For growth in O, + HC1
at that temperature, voids were observed underneath thick
¢ 10,000 &) oxides, and the silicon substrates were visibly
etched during such oxidation runms.

Table I - Summary of Experimental Conditioms.

T(°C) Vol 7 HC1 Vol % C1

2
900 0, 1, 2, 4.5, 9 0.5
1000 0, 4.5 0.5
1100 0, 4.5

Data Analysis

In the past, the kinetics of the thermal formation of
silicon dioxide on silicon have been studied for both dry
and wet oxidation as a function of numerous parameters
(substrate orientation, temperature, degree of contamination,
partial pressure of oxygen or water vapor, etc.). Under
almost all conditions the relation between oxide thickness
and time is best represented by a mixed linear-parabolic
equation,

d 2 _ d 2 d -d

oxk [¢] + [22.9 (o] =t (1)
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where dox is the oxide thickness, do a correction, t the
oxidation time, and k and k 1p. 2%€ the parabolic and
linear rate constantsgagespectivgly. The parameter d_ has
been associated with a rapid, initial oxidation mechafiism
which becomes unimportant as the oxide thickness increases
(9). The two rate constants and d are functions of the
experimental conditions. In the c8se of oxide formation in
oxygen, the first term on the left-hand side of the equation
arises from the diffusional limitation of the oxygen trans-
port through the thickening SiO, film; the second, linear
term arises from the limitation"imposed by the reaction to
form silicon dioxide at the Si| Si0, interface. The depen-
dence of k o on the oxygen partiai pressure indicates that
more than a single oxygen species participates in the re-
action (8). It will be assumed that HCl or Cl, additions
do not change the basic mechanism of Si0, formation. Thus,
oxidant specles are held responsible for the mass transport
through the growing oxide.

For a given temperature and additive concentration, a
number (n=6-10) of experimental pairs (t, d ) were gener-
ated, and the variable metric method (10) was then used to
calculate the unknown parameters in Eq. (1). The final
optimum values were arrived at by minimizing a quantity F
defined, by

2
F= i[{(dox)calc./(dox)meas.}_l] )

for a given set of (t,d ) points. It can be seen from
this expression that equal relative weight was given to all
experimental points.

For shorter oxidation runs the predominant error is
caused by uncertainties in the warm—up time, whereas for
runs of longer duration, a small offset in the furnace tem
perature as well as random fluctuations in the additive
concentration will introduce some error in the oxide thick-
ness. These random effects cannot be quantized easily and
their relative influence can only be judged from the value
of F or, even better, from the value of a quantity P

P = 100 x (F/n)/? (3)
The value of P corresponds quite closely to the average per-
centual error per experimental point and indicates how well
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a given set of data can be fitted to Eq. (1).

Equation (1) contains two measured quantities as well
as three parameters that are to be calculated, and we usually
generated a large number of oxidation times and corresponding
oxide thicknesses. However, regardless of the amount of ex-
perimental data under a given set of conditions, the para-
meters cannot all be determined equally well at all tem
peratures. This is caused by the fact that the relative
contribution of either of the terms on the left-hand side of
the equation can become so large as to be completely
dominant over much of the thickness~time range studied. The
determination of the rate constant contained in the other
term is then subject to severe error. Likewise, d can
only be determined accurately when d__ values of the same
order of magnitude are included in tRE analysis. This is
especially true if the first term is dominant over much of
the thickness range investigated. Generally speaking, this
means that with increasing temperature the accuracy of the
analysis is best maintained for k s, but decreases steadily
for both k n and d_regardless oP?fhe other conditions em-
ployed. For these reasons, 900°C was chosen as the tem-
perature at which to perform the most complete analysis.

It should be realized, however, that analytic measurements
were not sufficiently sensitive to confirm the presence of
chlorine in oxides grown at that temperature (7), making it
impossible to correlate the changes in the kinetic para-
meters with the amount of chlorine actually incorporated
into the oxide.

Gas Phase Equilibria

Another factor that influences the kinetic analysis is
the fact that when HCl is used as an additive, the following
gas phase equilibrium will be established,

-
4 BC1 + 0, > 2 H,0 + 2 C1, (4)
with an equilibrium constant

2 , T 2 — 2
[1,01° [c1,]° Pmo - Pa
_ 2 2 2

K= Z == = )

[HC1]™ [0,]  Phey * Py

2
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where the brackets and p's denote concentrations and partial
pressures, respectively. Since the oxygen partial pressure
varied only from 0.9 to 1.0 atm in our experiments, in good
approximation,

2 2 2 o 2
K = = (6)
Pucr x - a)*
HC1

where x is the volume fraction HCl1l originally added, and a
the volume fraction converted into H,O and Cl,. Values of
K(T) can be calculated from publisheg equilib¥ium constants
(11, 12) for the equilibria

1 “
H), + 5 0, > H,0, K, D)
and,
1 1 <
2 H2 + 0 012 - HC1, KB (8)

Combining Eqs. (6), (7) and (8), one finds

2 4
K=&* /K )

Table II - Equilibrium constants defined in Eqs. (7), (8)
and (9) as a function of temperature.

T(°K) 10’ Cxl)  1log K log log K
T A X3 o8
298 3.36 40.05 16.67  -13.42
400 2.50 29.23 12.59 8.10
600 1.67 18.63 8.52 3.18
800 1.25 13.29 6.49 0.62
1000 1.000 10.06 5.26 -0.92
1200 .825 7.90 4.4 -1.96

1400 714 6.35 3.84 -2.66




Effects of HCI and Cl, on Silicon Oxidation Kinetics 377

Results for K(T) are listed in Table II. From Eq. (6) one
derives the following relatioms,

_ _ { K1/4 }
P =p =g ————g ¢ X (10)
HZO 012 1+ 21<1/4
- 1
P =—— X (11)
HC1 { 1+ 2K1/4 }
- = _ -1/4
Prcr /' Fo1, = K (12)

The proportionality constants and their ratio have been
plotted as a function of temperature in Fig. 1. It can

be seen that the HC1/Cl, ratio varies almost linearly as a
function of temperature between 700°C and 1100°C, and equals
3 at 900°C.

— T{°C)
25 100 300 500 700 900 1100
1T T H T T T
0.7~
4540
06—
0.5+ —14.0
0.4 <
30
0.3
2.0
02+
—1.0
C.lF
400 600 800 1000 1200 1400

T(°K) —
Fig. 1. Constants defined in Eqs. (10)-
(12), as a function of temperature.
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When Cl, is used as an additive, no reaction with the
oxygen shoula occur; however, traces of water vapor present
in the gases will influence that .situation in a somewhat
unpredictable manner. Comparable amounts of water vapor
have no significant effect on the equilibrium in the O, + HC1
case. Note that the calculated equilibrium applies to” the
gas phase and that no numerical data exist to calculate the
equilibria in the solid SiO2 phase.

Finally, one can calculate (13) that between 800°C and
1100°C the equilibrium pressure of atomic oxygen is less
than 107° atm. The atomic chlorine pressure in the same
temperature interval will be less than 10~° atm. for addi-
tions of up to 3 vol.Z Cl, or 9 vol.% HCl. However, the
equilibria might be different again in the solid phase.

Results and Discussion

Effect of halogen additions at 900°C

As stated earlier, the largest amount of data was col-
lected at 900°C. Typical growth curves for HCl oxides at
that temperature are shown in Figs. 2 and 3 (For greater
clarity the data for O, + 2% HCl were omitted from these
graphs.). The results in the first figure are in the region

d(&)

i

60 80 100 120
t(min)

Fig. 2. §iO, thickness vs. oxi-
dation time %900°C, short times).
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Fig. 3. 810, thickness vs. oxi-
dation time %900°C, long times).

where growth 1s mainly reaction-rate limited, while the data
in Fig. 3 strongly reflect the diffusion-controlled

range. Results of the numerical analysis using Eq. (1) are
given in the top section of Table III together with results
for 0, + 0.5 vol.7C1,. Also listed are the number of ex-
periméntal points n, and the quantity P defined in Eq. (3).
It is seen that this procedure was quite successful with the
best agreement found for oxidation in O,. This is reasonable
as it was sometimes difficult to keep tﬁe additive concen-
tration sufficiently constant. In the Cl,-oxide case, devia-
tions occurring from wafer to wafer could be due to traces of
water vapor, the concentration of which should vary along the
boat holding the wafers, tending to become lower in the down-—
stream direction of the furnace tube. The increased scatter
between experiments is reflected in a higher value of P for
Cl, oxides (cf. Table III) and probably results from small
variations in the additive concentration (flow rate). The

Cl, oxides should be more sensitive towards such fluctuations
than the HC1l oxides, as an equal concentration of additive
causes a far larger effect in the first case. The values
used for data fitting were normally obtained by averaging

the thicknesses measured on three wafers used in the
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same experiment. Fitting Eq. (1) to the minimum and the
maximum thickness values measured for O, + 0.5% Cl, shifted

L/, 2 2
kpar by only 9% and hardly affected k1in and do.

Table IIL - Kinetic parameters at 900°C as a function of
additive concentration (vol.%). Note, that

where d = 0, the analysis was done for the
linear-parabolic model.
Oxidant kpar klin d0 n P
#*/min)  (A/min) &) @/pt.)
02 3940 2.20 64 6 0.48
02 + 1% HC1 4275 2.13 114 6 0.95
2 5490 2,21 111 6 1.03
4.5 6420 2,17 114 7 0.75
9 8400 2.11 137 7 0.96
O2 + 0.5% 012 1846 3.1 175 7 1.32
02 3021 3.51 7 4.99
02 + 9% HC1 4002 4,39 0o 7 7.68
02 + 0.5% Cl2 1335 24.6 o 7 3.91

Note that d0 is treated simply as an overall correction
as at this time no complete physical or mathematical des-
cription exists of the underlying process (9). Thus, it was
necessary to exclude from the numerical analysis those data-
points for which this process has not yet reached its com-
pletion (e.g., 30 min. in 1% and 4.5% HC1l). The decision
on when to exclude a specific point was sometimes based on
the fact whether such an exclusion would significantly lower
the value of P, and had some minor influence on the para-
meters calculated. Generally, thicknesses up to 2 x d0
were excluded.

To illustrate that 900°C is indeed a very suitable
temperature to measure kp s k and do simultaneously,
the relative contributions of the first and second terms
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in Eq. (1) to the total oxidation time were calculated
using the results for the 100% oxygen case (Table IV). It
can be seen that the linear and parabolic processes each
are clearly dominant over part of the thickness range,
making it possible to calculate both kli and k ar quite
accurately. The early dominance of the ?irst, Barabolic
term in Eq. (1) makes it considerably more difficult to
determine k in 2t higher temperatures. Such limitations
should be kepg firmly in mind when evaluating high tem-
perature data, especially when the oxidation model does
not take into account all complexities of the total oxida-
tion process. On the other hand, the determination of

k at lower temperatures requires oxidation experiments
o¥%fuch longer duration and carries with it correspondingly
greater uncertainty because of possible variations in the
additive concentration.

The numerical results obtained for the rate constants
depend strongly on the physical model used. This can best
be demonstrated using a model in which d_ equals zero,
i.e., a purely linear-parabolic model. Three examples of
the results of such an analysis are also given in the
bottom of Table III. It is seen that the values calculated
for kpar and k1in differ strongly from the earlier omes.

Table IV - Fractional contributions of the parabolic and
linear processes to the total oxidation time
(900°c, 100% 02).

2 2

g dox - 64 dox - 64
ox &) 3940 x € 7.20 x €
100 .08 .92
200 .13 .87
500 .24 .76
1000 .37 .63
2000 .54 .46

4000 .69 .31
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At the same time the quality of the fit (as indicated by
the parameter P) has deteriorated sharply, indicating that
this model is less realistic and should therefore be re-
jected. (The fit becomes even worse when in the purely

linear-parabolic case points at lower thicknesses are
included.)

From the results in Table III one concludes that
k1in is independent of the HCl concentration, and that
k increases almost linearly with additive concentration
(9 E. 4). Such a trend in k can of course not continue
indefinitely at higher HCl cBifentrations. For C1 oxides
the results are quite different and show a strong aecrease
in k together with higher values for k and d .

par lin o

These results can best be discussed further in the
context of the differences between oxidations in O, + HCl
and 0, + Clz. In doing so one has to remember tha% the
02 + ﬁCl miXture reacts according to Eq. (4) and produces
H20 and 012 in significant quantities (Table V).

In order to gage the effect of Cl, during growth of
HC1l oxides, a limited comparison is poSsible with the Cl
oxides, i.e., one can probably compare the linear but no%
the parabolic rate constants. The linear rate constant

Fig. 4. Parabolic and linear rate

constants vs. added HCl concentration.
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Table V - Percentual composition of oxldizing ambient at
900°C as a function of starting composition.

Starting Mixture Oxidizing Ambient
02 HC1 02 HC1 H20 012
100 - 100 -— - -—
99 1 99 0.6 0.2 0.2
98 2 98 1.2 0.4 0.4
95.5 4.5 95.5 2.7 0.9 0.9
91 9 09.9 5.5 1.8 1.8

gives an indication of the species participating in the
reaction by which S1i0, i1s formed at the Si-Si0, interface.
The addition of 0.5% Cl, substantially increased kli
(Table III). However, even for a 9% HC1l additionm, which
should produce approximately 2% Cl, in the gas phase, no
significant change was measured in"k a Hence, HC1
additions do not appear to result in a substantial, mea-
surable presence of Cl, at the inner interface. The para-
bolic rate constants cannot be used for such a comparison,
as they reflect the solubility and diffusivity of not only
0, but also H,0 (or OH ) during the growth of HC1l oxides,
and may be in%luenced by the difference in chlorine con-
centration incorporated into these oxides.

As far as H,O0 is concerned, somewhat different con-
siderations apply: The linear oxidation rate of [100]-
oriented silicon at 900°C in steam at atmospheric pressure
is 133&8/min (14), but some uncertainty exists over its
pressure dependence, which may be sublinear (9, 14). How-
ever, for a linear dependence it follows that the 1.8%

H,O resulting from the addition of 97 HCl could roughly
double k n from its value (2.20 A/min) in 100% O,. The
available evidence listed in Table III does not show such
an effect. In fact, by estimating the possible error in
k to be approximately 5%, it is calculated that the
amount of H20 present in the S10, at the interface would
correspond to no more than 0.17% in the gas phase. As far
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as the parabolic rate constant concerns, it is easily veri-
fied (using Fick's first law) that if two species partici-
pate in a parabolic process, the rate constants can be
added to yield an overall value. Thus in our case one can
try to ascribe the increase in the parabolic rate constant
to the presence of water. AE 900°C in steam at atmospheric
pressure k equals 37 x 10 Az/min (14) and is linear
with the ogﬁéen pressure (14, 15) making it almost certain
that H,0 is the diffusing species. The presence Qf 1.8%
H,0 in"the oxidant should increase k by 9660 A% /min as
compared with a measured increase ofP3%60 & /min. Analog-
ously to the conclusions about chlorine in the preceding
paragraph, it can therefore be stated that the water vapor
generated by the reaction between O, and HCl does not seem
to influence the oxidation process as expected.

From the above discussion it is concluded that the
reaction between 02 and HC1 (Eq. 4) proceeds considerably
further towards Cl, and H, O in the gas phase than in the
S$10, solid phase. "This conclusion can also be drawn from
the following experimental observation: When a double-
walled furnace tube was used for oxidations in 0, after
being used in O, + Cl,, large upward deviations %up to
75%) from the eXpected Si0, thickness as well as a large
spread in thickness among Oxides grown in a single experi-
ment were found. These effects persisted for many days,
disappearing only very slowly; they were thought to be
caused by small amounts of chlorine slowly being leached
out of the vitreous silica tube wall. When analogous
oxidations were done after use of a tube in 0, + HCl, the
effects were much less and lasted far shorter. This in-
dicates that O, + HC1l mixtures, although containing similar
percentages of chlorine in the gas phase are less apt to
dissolve this chlorine in the vitreous silica tube wall
than 0, + Cl, mixtures. This reinforces the conclusion
that tﬁe equglibrium in the solid phase is shifted towards
the O, + HC1 side as compared with the situation in the gas
phase.

Effect of temperature

A comparison between oxidations at three different
temperatures can be made from the results listed in Table VI.
It should be stressed that at 1100°C fitting of the data to
three parameters was very difficult and resulted in a
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Table VI - Kinetic parameters as a function of temperature
and additive concentration.

Oxidant T kpar klin do n P
(°c) (A%/min) (A/min) (&) (%/pt.)
02 900 3940 2.20 64 6 0.48
1000 16900 8.05 192 7 1.06
1100 41400 32.5 330 6 0.6
0, + 4.5% HC1 900 6420 2,17 114 7 0.75
1000 44000 10.2 250 7 0.75
1100 54000 ? ? 6 -
O2 + 0.5% 012 900 1846 3.1 175 7 1.32
1000 18000 8.3 240 6 1.34
larger uncertainty in k than would be the case for a

purely linear—parabolicl%grmula. In other words, many
combinations of d_and k are possible that yield com-
parable values fo? P. However, omission of d_ or arbitrary
assignment of a constant value to this parameger is un-
realistic. As we saw before, d performs a well-defined
function at 900°C, and it can be shown that omission of d
results in substantially higher values of P at all temperg
atures. A solution to this problem is of course to postu-
late a kinetic model for the process causing the fast
initial growth, rather than work with the final thickness
value caused by this process. This would make it possible
to use values over the full range of oxide thickness.
However, this solution requires a much larger amount of
experimental data taken under extremely well-controlled
conditions, e.g., by in situ ellipsometry during oxidation
at high temperatures (15). Even then, however, it can be
expected that the uncertainties at higher temperatures

(> 1050°C) will be substantial, basically because the

fast initial process and the linear process occur in the
same thickness range and thus cannot be separated easily.
On the other hand, the value calculated for kpar is very
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insensitive to these variations in do and klin’ and even
omitting d° only lowers it by 10-15%.

The results in Table VI also show that the enhance-
ment of the parabolic rate constant by HCl additions is
largest at 1000°C and becomes markedly lower in an absolute
as well as relative sense at 1100°C. The strong enhance-
ment at 1000°C provides us with another opportumity to
check on the possible role of watez vgpor: For oxidation
in steam at 1000°C, k = 58 x 10" A"/min (14). Thus
the presence of 0.8% f3Fer in the oxidant should increase
k at most by 4669 X" /min, as compared with a measured
1R&Fease of 27100 A“/min. Therefore, at 1000°C, as at
900°C, the increase in k is not directly related to the
amount of water present P3Tthe oxidative ambient. The
same i§ true at 1100°C; a calculated maximum iacrease of
7000 A°/min, vs. a measured increase of 12600 A" /min.

The linear rate constant at 1000°C (Table IV) seems some-
what enhanced by the addition of HC1l, the value of d_ is

also higher. Addition of Cl2 to the ambient mainly fesults

—T(°0)
05 |2?o u?o |o?o 9?0
L
A\\o
‘s
€ A
o —
= —400 =
~ 104+ . o
2 - o
-
. * —200
A kpgr (Op) A
@ kpar (0p+4.5% HCI) —100
® dy (O
o (0p) 3
- so
103 L 1 1 t
065 075 0.85
10¥T (oK) —=

Fig. 5. Kinetic parameters (k___, d )
ar’> "o
as a function of temperature.
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in an increased value of do at 1000°cC.

The values of the parabolic rate constant in oxygen at
1000°C and 1100°C found in this study are quite comparable
to values published earlier (9, 16). Due to a lower value
at 900°C, the activation energy calculated is somewhat
higher (1.64 eV). Similar, recent measurements elsewhere
agree with this result (17). The values of k measured
with O, + 4.5% HC1l as an oxidant can clearly R8% ve
descri%ed by a single activation energy (Fig. 5). This
strongly suggests that the changes occurring in k s Which
reflects both the solubility and the diffusivity Bgroxygen
in silicon dioxide, cannot easily exceed a temperature-—
dependent limit. It is interesting to note that the
decrease in oxide refractive index upon addition of HC1l to
the ambient at 1150°C was also found to be smaller than at
1000°C (7), which supports the concept of a temperature-
dependent 1limit beyond which the structural properties of
the oxide are not easily pushed.

Finally, from our data analysis it appears that the
value of do for oxddation in pure oxygen can be described
by an Arrhénius relation with an activation energy of 1.17
eV (Fig. 5). This result is at variance with earlier work
(9), in which d_ was found to be temperature-independent.
The difference is mainly due to the much lower values of d
at lower temperatures in the present work [cf. also ref. (8},
Fig. 3, indicating dJL 35 & at 850°C].

Summa

Using ellipsometry, the growth kinetics of Si0, (100-
18000 &) on [100]-oriented Si wafers have been inveStigated
at various temperatures and ambient concentrations of HClL
and C1, in dry O,. Throughout the range of experimental
condit%ons studied, the linear parabolic model of oxide
formation, incorporating a correction for faster initial
growth, yields a good fit to the data. Omission of the
correction results in a far larger discrepancy between
measured and calculated values.

The addition of HC1l, which carries with it the formation
of water and chlorine in the ambient, enhances the parabolic
rate constant at all temperatures. This increase cannot be
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related simply to the presence of water or chlorine in the
gas; neither camn the increased values of the parabolic
rate constant be described by a simple Arrhenius type
equation. At 900°C, the addition of chlorine to the
ambient lowers k and increases k and 4 ; at 1000°C,
however, the kinB#fc influence of c&igrine 18 not very
pronounced.

It is argued that a more accurate and complete des-
cription of the oxidative process is necessary to eliminate
uncertainties in d° and k a at temperatures above 1000°C.
The use of a purely linea¥-parabolic model may yield
better defined results, but is nevertheless not satisfactory
because of the discrepancy between theory and experiment.
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