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Abstrac t  

The kinetics of deposition of zirconia from the overall reaction: ZrC14(g)+2H2(g)+ 
2CO2(g)--*ZrO2(s) +2CO(g)+4HCl(g) was studied from an experimental standpoint. A 
specially designed chemical vapor deposition reactor, equipped with a microbalance and 
accurate devices for controlling the experimental parameters (and especially the gas 
phase composition), was used to measure reliable growth rates of the ZrO2 films over 
wide ranges of temperature, pressure, total flow rate and gas phase composition. The 
influence of the partial pressures of ZrC14, H2, CO2, C12, HC1 and argon was quantitatively 
investigated and the data used to derive kinetic laws. Finally, a tentative model of the 
chemical deposition process is proposed. It assumes three steps: (i) chemisorption of 
C02 on the substrate, (ii) reaction of adsorbed CO~. with H2 molecules resulting in H20 
adsorbed species and (iii) reaction of one ZrCl4 molecule with two H20 adsorbed species 
yielding zirconia and HC1, the third step being considered as the rate limiting step. 

1. I n t r o d u c t i o n  

The  ou t s t and ing  p rope r t i e s  of  zirconia,  such  as  its h igh mel t ing  point ,  
h igh chemica l  stabili ty,  g o o d  the rma l  insula t ing charac ter i s t ics ,  have  led in 
the  p a s t  to  a wide r ange  o f  app l i ca t ions  in the  field of  monol i th ic  ce ramics .  
More  recent ly ,  new p r o c e s s i n g  t echn iques  such  as  chemica l  v a p o r  depos i t ion  
(CVD) or  chemica l  v a p o r  infil tration (CVI) gave  r ise  to  app l ica t ions  in o the r  
a d v a n c e d  fields: coa t ing  of  cut t ing  tools ,  e l abora t ion  of  mic roe l ec t ron ic  devices  
[ 1 ] and  densif icat ion o f  p o r o u s  f iber  p r e f o r m s  with  a v iew to  p r e p a r e  c e r amic  
ma t r ix  c o m p o s i t e s  (CMCs) [2]. 

Many different  chemica l  s y s t e m s  have  b e e n  cons ide red  for  the  CVD of  
ZrO2, the  ma in  difference be t ween  t h e m  lying in the  na tu re  o f  the  g a s e o u s  
spec ies  which  car r ies  the  z i r con ium e lement .  P rev ious  r e s e a r c h e r s  have  u s e d  
o rganometa l l i c  c o m p o u n d s  such  as  a lkox ides  [3, 4]; Zr(acac)4,  Zr(tfacac)4,  
Zr(thd)4, Zr(hfacac)4 [5 -7 ]  (where  acac  is ace ty l ace tona te ,  t f acac  is trifluo- 
roace ty lace tona te ,  thd  is t e t r a m e t h y l h e p t a d i o n a t e  and  h facac  is hexaf luo-  
roace ty l ace tona t e )  or  z i rcon ium hal ides  and  espec ia l ly  ZrCl4 [1, 2, 8] or  even  
ZrOCle [9 ]. In  all cases ,  the  oxygen  s ou rce  s p ec i e s  was  e i ther  water ,  m o l e c u l a r  
oxygen  or  He-COe mixtures .  

Bes ides  all these  s tudies ,  w h o s e  a im was  ma in ly  to  es tab l i sh  the  feasibi l i ty 
of  the  CVD of  z i rconia  f r o m  given p r ecu r so r s ,  v e r y  few s tudies  t r ied  to go  
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further in order to work out the deposition mechanism. However, such a 
goal is of major interest in some advanced processing techniques. As an 
example, knowledge of the kinetic laws is a prerequisite for the calculation 
of the thickness profile of  a zirconia deposit along a pore with a view to 
model the densification of a porous body (e.g. a fiber preform) in the 
processing of Zr02 matrix composites according to the isothermal/isobaric 
CVI technique [10-12]. Wahl et  al. gave an overall activation energy for 
the deposition of ZrO2 from ZrC14-O2-Ar [8]. Minet et al. described the 
influence of the main parameters (temperature T, total pressure P and total 
gas flow rate Q) on the deposition of ZrO2 from ZrC14-H2-CO2-Ar [13]. In 
a related field, some studies were devoted to the CVD of other refractory 
oxides such as TiO2 [14] and alumina [15-17]. 

The aim of the present contribution, which deals with the CVD of ZrO2 
from ZrC14-H2-CO2-Ar, is to show quantitatively the dependence of the ZrO 2 
growth rate on the experimental CVD parameters (i.e. T, P, Q and initial 
gas phase composition) and to derive the kinetic laws for the experimental 
conditions under which the kinetics of zirconia deposition is controlled by 
the heterogeneous surface reactions. Finally, a first approach to the chemical 
mechanisms involved in the deposition process of ZrO2 will be tentatively 
proposed. 

2. Experimental  details 

The CVD of zirconia from a ZrC14-H2-CO2-Ar gas mixture is based on 
the hydrolysis of gaseous ZrC14 by water resulting from the hydrogen reduction 
of CO2 at high temperatures. It proceeds according to the generally accepted 
overall mechanisms: 

2H2(g) + 2CO2(g) - " 2H20(g) ÷ 2CO(g) (1) 

ZrC14(g) + 2HeO(g) . • ZrO2(s) + 4HCl(g) (2) 

or by combining (1) and (2): 

ZrCl4(g) + 2CO2(g) ÷ 2H2(g) , ZrO2(s) + 2CO(g) + 4HCl(g) (3) 

with O.R = AG12oo --189.85 kJ mo1-1. It has been shown by Minet et al.  that 
when equilibrium is reached, ZrC14 is quantitatively reacted into ZrO2 as long 
as the initial gas mixture contains enough hydrogen and carbon dioxide to 
form the required amount  of water [18]. Since reaction (1) is rather slow, 
even at temperatures as high as 1300 K, kinetics play an important role in 
the CVD of zirconia and the H~-CO2 gas mixture can be considered as a 
reservoir of water. 

The zirconia films were obtained with an instrumented CVD apparatus 
schematically shown in Fig. 1. Gaseous ZrC14 is formed in line by reacting 
chlorine with an excess of zirconium chips set in a graphite crucible at about 
623 K. An approach of the formation of ZrC14 and of zirconium subchloride 
by-products has been presented in detail elsewhere [19]. The ZrC14 vapor 
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to traps and vacuum pump 

Fig. l. Apparatus used for the CVD of Zr02 (schematic). 

flow is then admitted in a preheating and mixing stage. H2 and CO2 are 
mixed together  at room temperature,  the mixture is preheated and finally 
admitted in the center  of the CVD chamber. The ZrC14-Ar gas flow is mixed 
with the H2-CO2 gas flow just  above the substrate to be coated, in order 
to avoid an early hydrolysis of ZrC14. 

The CVD reactor  itself consists of a vertical graphite tube (60 mm in 
diameter, 350 nun in length) heated with a r.f. coil set outside. The chlorinator 
is a superalloy cylinder capped with two flanges and heated with an electrical 
resistance. The whole assembly is set inside a water-cooled stainless steel 
protective chamber  swept with a flow of  argon in order  to prevent  any leak 
of reactants from the CVD graphite tube into the protective chamber. 

The temperatures  of the CVD zone and zirconium chlorinator are controlled 
by thermocouples.  All the gas flow rates are measured with accurate mass 
flowmeters (ASM AFC 25), except  that of ZrC14 which is calculated in line 
from a recording with a millibalance (Mettler PM400) of the weight loss of 
the crucible containing the zirconium chips bead vs. time. The total pressure 
is controlled with a pressure regulation device (MKS 252A). 

The experiments  were performed with chlorinator temperature  between 
623 and 923 K and deposition temperature  ranging from 1473 to 1873 K. 
A quasi-isothermal zone (AT= + 6 °C) was observed over at least 50 mm in 
the vertical graphite tube. The substrate consisted of a cylindrical sample 
of alumina (10 nun in diameter; 1 nun thickness) hung on a microbalance 
(Setaram B85) with a tungsten filament. The mass of  zirconia deposited on 
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the substrate could therefore be continuously recorded versus time with an 
accuracy of 2.5 ~g. 

3. R e s u l t s  

3.1. Influence of  the ma in  CVD parameters on the deposition rate of  
zirconia 

3.1.1. Temperature 
The thermal variations of the deposit ion rate of zirconia, presented as 

Arrhenius plots, are shown in Fig. 2, for various conditions of total pressure 
and argon flow rate. Within the tempera ture  range studied, the thermal 
variations of the ZrOe deposition rate obey different laws depending on the 
value of the total pressure. At low total pressures (P= 1 or 2 kPa), the 
thermal variations of  the growth rate obey Arrhenius laws with an apparent  
activation energy of E1 = 40 kJ mol -  1 for 1223 K < T <  1523 K and o fEe  = 154 
kJ mo1-1 for 1523 K < T < 1 8 2 3  K. At a higher total pressure (P=5 kPa), 
the transition between the two Arrhenius laws is no longer observed (or it 
has been shifted to higher temperatures)  and the data obey a single Arrhenius 
law with an apparent  activation energy of Ex = 40 kJ mo l - i .  Furthermore,  
it seems that the effect of a dilution of the reactants with an inert gas (i.e. 
argon) is simply to change the deposition rate without changing the apparent  
activation energy. Finally, no transition between a mass transfer controlled 
regime to a regime kinetically controlled by the heterogeneous surface reactions 
is observed. 

3.1.2. Total f low rate (Qt) 
The variations of the deposition rate of zirconia as a function of the 

total flow rate Qt are shown in Fig. 3 for T= 1323 and 1623 K. The influence 
of Qt on the deposition rate depends on the reactor  geometry; however, it 
is of prime importance for the assessment  of the kinetics rate controlling 
factor in the CVD process.  For  both temperatures,  raising Qt increases the 
deposition rate of  zirconia. Since the experiments  were performed at constant 
total pressure and gas phase composition, the variations of the deposition 
rate can be assigned to hydrodynamic effects rather  than to chemical reaction 
effects. In the following, flow rates are in cm 8 min-  1 measured under  standard 
TP conditions (i.e. sccm). 

3.1.3. Total pressure 
The last CVD parameter  which could induce a transition between a 

kinetic process rate controlled by mass transfer and a kinetic process  rate 
controlled by heterogeneous surface reactions, is the total pressure P. Thus, 
the variations of R as a function of P were studied and the data are shown 
in Fig. 4 for two values of Qt. For Q t = 5 3 4  cm 3 rain - l ,  the variations of R 
as a function of P undergo a minimum at P = 2 kPa and a rather sharp 
maximum at P = 6  kPa. When Qt is raised from 534 to 1114 cm 3 min -x Coy 
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Fig. 2. A r r h e n i u s  p lo t s  o f  t he  t h e r m a l  va r i a t ions  o f  t he  z i rconia  d e p o s i t i o n  ra te  for  t h e  v a r i o u s  
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m i n  -1, Q ~ , =  790  c m  3 rain -1. 

Fig. 3. Var ia t ions  o f  t h e  z i rcon ia  depos i t i on  ra te  as  a f u n c t i o n  of  the  to ta l  g a s  flow ra te  a t  
T = 1 3 2 3  K a n d  1623  K ( the axial  l inear  ga s  ve loc i t ies  v=dz/d t  have  b e e n  ca lcu la ted  f r o m  
Qtot for  T= 1323  IC). 
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Fig. 4. Var ia t ions  o f  t he  z i rconia  depos i t i on  ra te  as  a f u n c t i o n  o f  t he  to ta l  p r e s s u r e  ( the axial  
l inear  g a s  ve loc i t ies  v=dz/dt  have  b e e n  ca lcu la ted  f r o m  Qtot = 1114  c m  a r a i n - l ) .  

adding argon), this maximum (if it still occurs) is shifted towards higher 
pressure values (with the result that no further decrease in growth rate is 
observed at high P).  However, the minimum in R at P = 2 kPa is still present.  

3.2. In f luence  o f  the par t ia l  pressures  an d  assessment  o f  the apparen t  
react ion  orders  

When the chemical reactions are the rate-controlling step in the kinetic 
processes,  it is of interest  to assess experimentally apparent  react ion orders 
with respect  to the various species introduced in the gas phase, with a view 
to derive a complete kinetic law and to suggest a chemical mechanism for 
the deposition process.  Thus, the influence of the partial pressures of  ZrC14, 
H2, COe, C12, HC1 and argon on the deposition rate of zirconia R was 
quantitatively studied at T =  1323 and 1623 K. For a species i, the experiments  
were performed by maintaining constant flow rates Q1 and the partial pressures 
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P~ of all the species j (with j ¢ / )  and by varying the total pressure and the 
partial pressure P~ of the species i under consideration. The data are shown 
in Figs. 5-10  as In R=f( ln  P~) curves. These curves are expected to be 
straight lines whose slopes are the apparent reaction orders, in agreement 
with a kinetic law of the following kind: 

R = kz(Pz~cu) TM (PH2) nz (Pco=)~ (Pca) TM (PHcl)"5 (P~) ~ (4) 

where kr is the kinetics constant at temperature T and n~ (with i - -1 ,  2, 3 
. . .  6) the apparent reaction orders for species i. 

3.2.1. Apparent  reaction orders at T=1323 K 
The plot In R = f ( l n  P~) with i--ZrC14, shown in Fig. 5, exhibits an 

apparent reaction order n~ = 1. It should be emphasized that although both 
the total pressure P and the total gas flow rate were varied, these variations 
were maintained within narrow ranges (2.000 k P a < P < 2 . 0 1 6  kPa and 312 
cm 3 m i n - l < Q t < 3 1 4 . 6  cm 3 min-Z). 

The plots In R = f(PH~) drawn from the data recorded during two different 
runs, are shown in Fig. 6 (with 2.000 k P a < P < 2 . 3 2 1  kPa and 312 cm 3 
min-  1 < Qt < 362 cm s rain- z). They are straight lines with the same slope 
yielding an apparent reaction order of ne = 2. 

Finally, the plots in R =f(Pco=) drawn from the data derived from two 
different runs, are shown in Fig. 7 (with 2.000 k P a < P < 2 . 6 4 1  kPa and 312 
cm 3 min-  z < Qt < 362 cm 8 min-  ~). Both plots are straight lines with the same 
slope corresponding to an apparent reaction order of n3 = 0.5. 

From eqn. (3) it appears that ZrC14, He and CO2 are the only reactants 
which should be present in the initial feed gas of the CVD apparatus. However, 
it could be of some interest to investigate whether or not chlorine (which 
is used to generate ZrC14 and may not be totally consumed), HC1 (the main 
reaction product) and argon (used as a diluent gas) have an influence on 
the deposition rate of zirconia. Thus, experiments were performed in which 
the partial pressures of CI~., HCI and argon were successively varied. The 
data are shown in Figs. 8-10. 
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Fig. 5. Variations of the deposit ion rate of zirconia as a funct ion of the ZrC14 partial  pressure.  

Fig. 6. Variations of the deposit ion rate of zirconia as a function of the  H2 partial  pressure.  
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Fig. 8. Var ia t ions  o f  the  depos i t i on  ra te  o f  z i rconia  as  a f u n c t i o n  o f  t h e  C12 par t ia l  p r e s s u r e .  
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Fig. 10. Var ia t ions  o f  t he  depos i t i on  ra te  o f  z i rconia  as  a f u n c t i o n  o f  the  a r g o n  par t ia l  p r e s s u r e .  

As could  be  expec ted ,  the appa ren t  reac t ion  o rde r  with r e spec t  to a rgon  
der ived  f rom the da ta  of  one  single run  (with 2 .000  k P a < P < 2 . 9 6 2  kPa  and  
312 cm a min -1 < Q t < 4 6 2  cm a min -1) was obse rved  to be zero ( n 6 = 0 )  (Fig. 
10). In a similar manner ,  the appa ren t  reac t ion  orders  with r e sp ec t  to  C12 
and HCI were  obse rved  to be n4 = 0.2 and n5 = 0 .04  and were  cons ide red  to  
be  zero,  at least  in a first approx imat ion  (Figs. 8 and 9). 

F r om the  da ta  r epo r t ed  above,  the fol lowing kinetic law is p r o p o s e d  for  
T= 1323 K and P close to 2 kPa: 

R = k 0 e x p ( -  Ea~ u2 2 ~ )Pz~ch P co2P H2 
% 

where  E a = 4 0 4 - 1  kJ  t o o l - l ,  k o = 6 ×  10 -8 mg mn-~  cm -e  Pa  - s~  and  R is 
the pe r fec t  gas cons tant .  

3.2.2. Apparent reaction orders at T=1523 K 
The Arrhenius  plots  shown in Fig. 2 sugges t  tha t  a different  chemica l  

mechan i sm may  occu r  at high t empera tu res .  A new series  of  ex p e r im en t s  
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was therefore performed at T =  1623 K in order  to establish whether  or not  
the apparent  reaction orders would be equal to those derived from the 
experiments  run at T =  1323 K. 

From the graphs in R=f(P~) shown in Figs. 11-14,  it appears that the 
apparent  reaction orders with respect  to ZrC14 and CO2 are unchanged 
(n~ = 1 and n~=0.5  respectively). In a similar manner,  those related to C12 

rn' - n' ~ 0) whereas that and HC1 were observed to be still equal to zero ~ 4 -  5 -  
c o r r e s p o n d i n g  to argon was not  determined and was also assumed to be 
zero. 

However, the influence o f  the partial pressure of hydrogen on the 
deposition rate of zirconia, as shown in Fig. 12, appears  to be unexpectedly 
complex. In a first approximation, the data recorded from three different 
runs could be fitted with two apparent  reaction orders n~--2.3 for PH2 < 0.5 
kPa and n~. = 0.5 for PH~ > 0.5 kPa. 

As a consequence,  for T =  1623 K and P close to 2 kPa, the data have 
to  be fitted with two different kinetic laws depending on the values of the 
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Fig. 12. Var ia t ions  o f  t h e  depos i t i on  ra te  o f  z i rcon ia  as  a f unc t i on  o f  t h e  H2 par t ia l  p r e s s u r e .  
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Fig. 14.  Var ia t ions  o f  t he  depos i t i on  ra te  o f  z i rconia  as  a f u n c t i o n  o f  t h e  ch lo r ine  par t ia l  
p r e s s u r e .  
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[ 
R = ko exp(  - 

with Ea = 154 
PH2 < 0.5 kPa 

hydrogen partial pressures: 

~T)Pz~c,4P ~o2p 2~ 

___2 kJ mo1-1 and k 0 = 4 . 1 × 1 0  -5 mg mn -1 cm -2 Pa -3"s for 
and: 

R=ko exp(  - E ~ v  . I j 2  ]:)1/2 aT]~ZrCl4 - CO2~H2 

with E ~ - - 1 5 4 ± 2  kJ tool -I  and ko--3.1 mg Inn -I  cm -2 Pa -2 for 0.5 
kPa<P~2 < 0.705 kPa. 

4. D i s c u s s i o n  

Water formation is a step which has to be taken into account in the 
chemical mechanism of zirconia deposition from the ZrC14-H2-CO2 system. 
The kinetics of this reaction were experimentally studied by Tingey, who 
derived, over the temperature range 1073-1323 K, a high activation energy 
of 326 kJ mo1-1, a homogeneous mechanism being involved, even in the 
presence of a graphite surface [20]. However, this reaction of water-gas 
conversion was found to be catalyzed by various oxide solid surfaces such 
as alumina, as shown by Amenomiya who reported an activation energy as 
low as 67 kJ mo1-1 [21]. The kinetic study of alumina deposition on alumina 
substrate in the A1C13-H2-CO2 system, performed by Colmet et al., evidenced 
an activation energy ranging from 60 to 120 kJ mo1-1 for temperatures 
between 1173 and 1473 K [16]. Lastly, Minet et al., in their experimental 
approach of the CVD of zirconia from ZrO2-H2-C02 gas mixtures, found an 
activation energy of the kinetic process close to 400 kJ mol-  1 in the temperature 
range 1173-1273 K where the deposit consisted mainly of monoclinic zirconia 
[13]. 

The temperatures investigated in the present study being higher than 
1273 K, zirconia is probably mainly deposited as tetragonal phase. The 
relatively low activation energies (40 and 154 kJ tool -1) are found to be 
rather close to that  obtained by Amenomiya. This result could be explained 
by a catalytic effect of  zirconia on which H2 and CO2 gaseous species are 
heterogeneously converted into water vapor. The thermal activation, observed 
over a wide temperature range, could suggest a control of the kinetic process 
by the chemical reactions occurring at the growing surface. This result is 
in contrast with the rise of the experimental deposition rate as a function 
of the total flow rate, which is rather typical for a mass transfer control 
(Fig. 3). Such a kinetic process with an increase of the growth rate versus 
both temperature and total flow rate could be interpreted on the basis of 
two simultaneous competing mechanisms resulting in zirconia deposition, 
the first one governed by chemical reactions and the second one by mass 
transfers. In this case, the mechanism with the highest rate gives its rate 
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to the overall process. In the low temperature range (e .g.  1273 K~< T<  1523 
K for P = 2  kPa and Q = 3 0 0  cm 8 min-1), the very low activation energy can 
be attributed either to the convection and/or diffusion step for gaseous 
species such as H2, C02, H20 or to a highly favored heterogeneous reaction 
(e .g.  t h e  water formation catalyzed by the surface or zirconia synthesis from 
adsorbed H20 species). For higher temperatures, the Arrhenius plots exhibit 
a change towards a higher activation energy, which could mean that the 
thermal energy is high enough to promote the homogeneous reaction of 
water formation, giving rise to another deposition mechanism with H20 vapor 
species. The influence of the total pressure on the deposition rate, measured 
at 1323 K, is typical behavior for a kinetic process controlled by chemical 
reactions, as already reported in the CVD of zirconia or alumina [13]. 

In the case of a catalytic effect of zirconia surface on the chemical 
process, a heterogeneous mechanism can be tentatively proposed for the 
deposition of zirconia from ZrC14-H2-CO2. Among the species diffusing towards 
the surface, the unsaturated molecule CO2 is assumed to be preferentially 
chemisorbed. Some of these adsorbed molecules can react with hydrogen 
giving rise to adsorbed H20 molecules, resulting after reaction with ZrC14 
in solid zirconia and HCI molecules, according to the following set of elementary 
equations: 

kl 

C 0 2 + *  - " CO~ (5) 
k - I  

k2 

CO* + H2 ~ S20* + CO (6) 

ka 

2H20* + ZrC14 . " ZrO2(s) + 4HC1 + 2 * (7) 
k - 3  

where • stands for a site of adsorption and i*  for an adsorbed species. 
Among these reactions, the formation of zirconia according to eqn. (7) 

which involves the occurrence of two H20 molecules adjacently adsorbed, 
is probably the limiting step of the process. As a consequence, the equilibria 
(5) and (6) can be considered to occur, the corresponding constants being 
written as: 

kl 0co~ 
K, - - (8) 

k _ i OPco2 

k2 0moPco 
K2 -- - (9) 

k -  2 Oco~PH2 

where 0 is the relative amount of free surface sites and 0~ the equilibrium 
coverage of species i which can be calculated on the basis of the Langmuir 
model as a function of constant K~ and partial pressure P~. 0 is given by: 

e =  1 - eco2 - OH20 ( 1 0 )  

which gives, by using eqns. (8) and (9): 
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1 
0 =  (11)  

1 +KxPc02 +KxK2PH2Pco2Pc~ 

By tak ing  into a c c o u n t  the  p r o b a b l e  dominan t  cove rage  of  CO2 species ,  
the  a m o u n t  of  f ree  s i tes  can  be  r e d u c e d  to: 

1 
O =  - -  (12) 

K1Pco2 

However ,  the  depos i t i on  ra te  of  z i reonia  is g iven by  the  r a t e  of  s tep  
(7) which  can  be  e x p r e s s e d  as: 

R = ka O~2oPz~cl, - k - a  02P~cl (13)  

which  b e c o m e s ,  by  us ing  eqns.  (8) and  (9): 

R = k a K ~ K ~ n 2 p 2  p 2  p - 2 p  _1, 02p4 (14)  
t ]  H 2  CO2  C O  Z r C l 4  r~ _ 3 H C I  

and  finally, wi th  eqn.  (12):  

R -  2 2 -2 - k~ K2Pz~c14P m P  co - k _ a K  1 2p ~clP c022 (1 5) 

The  s e c o n d  t e r m  of  this  theore t ica l ly  der ived kinet ic  law, which  quantif ies  
the  e tching ra te  in the  chemica l  p rocess ,  is p r o b a b l y  re la t ively low (e.g. 
b e c a u s e  of  a h igh  va lue  o f  KI  and  a low va lue  of  k - a ) .  The o rde r s  1 with 
r e s p e c t  to ZrC14 a n d  2 with r e s p e c t  to  He are  in g o o d  a c c o r d a n c e  with the  
c o r r e s p o n d i n g  e x p e r i m e n t a l  orders .  The  o rder  with r e s p e c t  to  CO2, exper -  
imenta l ly  f o u n d  to be  ½, could  c o r r e s p o n d  to the d e p e n d e n c e  in Pc022 occun~ng  
in the  e tch ing  t e r m  of  the kinet ic  law. The  only  d i s a g r e e m e n t  c o n c e r n s  the  
r eac t ion  o r d e r  wi th  r e s p e c t  to  HC1 (which should no t  be  zero if the  kinet ic  
law is to ta l ly  valid).  Finally, an  inves t igat ion of  the inf luence of  CO spec ies  
and  m o r e  e x p e r i m e n t s  wi th  HC1 would  al low the  val idi ty of  the  p r o p o s e d  
kinet ic  law to  be  conf i rmed.  
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