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AM-Models mcorporatmg surface reactton and dttfuslon of volattle products through a boundary layer are 
developed to calculate effective rates of evaporation and local surface profiles on surfaces havmg active and InactIve 
resons The couphg between surface heterogeneities v&h respect to a particular reaction and external mass transfer 
may provide a mechatusm of the surface rearrangement and metal loss of catalysts encountered tn several systems of 
pracbcal mterest Calcufated transport rates for the volatthzatton of Pt m oxidtzmg envuonments and the 
rearrangement of tlus metal dunng the ammoma olt&ation reaction are found to agree weU with expcnmentai data 

-CTION 

The alteration of the topography of a sohd surface at 
elevated temperatures m mert or mildly active at- 
mospheres (thermal etchmg) as well as the Influence of 
sohd-gas reactions upon surface rearrangements 
(catalytic etchmg) are well known phenomena that have 
been studled smce the turn of the century [ 1,2] In par& 
cular, the mterest m the latter stems from Its close 
assocratron wtth catalyst achvlty, catalyst metai loss, and 
the smtermg process m supported catalysts 

Thermal etchmg has been analyzed almost exclusively 
from mmlmum surface free energy conslderatlons [3] 
Mullms[4,5] has presented a theory which accounts for 
the development of severaI surface morphologes such as 
gram-boundary grooves and growth of lmear facets on 
heated polycrystis, on the assumption that they are 
energetically induced Under tdeahzed condltlons, stan- 
dard forms of locahzed surface profiles were obtamed 
for the cases where surface dtiuslon or evaporation- 
condensation was the operative mechamsm 

However, experunental studies of thermal etchmg un- 
der suppressed evaporation con&&ons, lirst performed 
by Hondros and Moore[6], have led to disagreement as 
to whether equfibrnun facetmg alone controls the etch- 
mg process for “open’* systems m wiuch a steady loss of 
matenal from the surface of the sample may take place 
Moreover, for envuonments where chemical reactions 
are possible, the expressions whch descnbe mass 
transport can be altered by the superposition of a chem- 
ical interaction onto a mechamsm stnctly driven by 
caplllanty 

The development of surface roughness and conconu- 
tant catalyst erosion are important factors in many 
mdustnal processes, m which steady losses of costly 
catalyst mater& accompany the reaction Another sltua- 
tion m whch mass transport occurs m chemically reac- 
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twe environments is the movement of sohds through the 
gas phase by means of heterogeneous reversible 
reacttons[71 In the case of metal loss a well known 
example m oxldlzmg atmospheres 1s that of the platmum 
metals which form volatie oxldes Also, solid oxides 
such as BeO, WO-J, and others can react with water 
vapor to produce volatde hydroxides 

In these and other sundar processes the most lm- 
portant factor IS the transport of surface material, and 
for this reason several expenmental and theoretIcal stud- 
ies have appeared m the hterature on measurements of 
evaporation rates and analysis of kmetlcs, for example, 
the oxidation kmehcs of Pt, W, CrzOa. etc Bartlett@] 
developed an expression for evaporation rates m cases 
where convective dlffuslon and surface reactlon are 
coupled by considermg eqmhbnum data for the reaction 
and dunenslonless flmd correlations 

In all such studies. a umformly active surface has been 
assumed, and changes m topography whch occur m 
many of these processes, probably through gaseous mass 
transfer from some reaons of the surface to others, are 
ignored It IS well known, however, that most surfaces 
exhibit heterogeneity wrth respect to theu interactions 
w&h adsorbmg gases In a recent paper by I..ol%er and 
Schnudt191 the couphng between mass transfer and sur- 
face heterogeneities was considered and effective 
catalyttc reaction rates and selectivttles were calculated 

We consider m this paper sunple models mcorporatmg 
both surface heterogeneities and external mass transfer 
to see how they may affect evaporation rates and surface 
rearrangements under conditions where the operative 
mechamsm 1s boundary-layer dtiuslon of a volatie 
product species 

A sunple two-dunensional geometry wdl be assumed m 
all cases for a sobd surface contauung remans of 
tierent reactlanes Consider a system consistmg of 
active stripes of width 21 and length much greater than 
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Fig-1 Sketch of system and parameters used for calculations of 
evaporanon rates and surface profiles 

21, whxh are evenly &smbuted on an otherwlse inert 
surface (Fw l), covered by a stagnant film of some gas 
reactive with the surface of tickness 8 An actual SUT- 
face may consist of active regions of various shapes 
which are randomly &smbuted and/or urldely separated, 
and flow condmons may be such that the above defined 
system becomes oversunphfied However, It should cor- 
respond quabtattvely to several reahstlc situations in 
which mass transfer effects are not strongly sensitive to 
the exact shapes of active regions, surface roughness IS 
small compared to boundary layer Uuckness, etc 

Mass transfer control 
In ths section we consider the situation where mass 

transfer from the active surface reaon 1s the lunltmg 
step A reversible reaction occurs on the active smpes 
over which a fast equhbnum IS attamed so that the 
boundary condrtion of eqn (2b) for the concentration C 
of the produced gaseous compound becomes C(y = 0, 
0 c x < I) = C,’ We mtroduce the followmg dunension- 
less vanables to solve the dtffuslon problem 

We assume that a vapor species (such as a volatile 
metal oxide) mvolvmg the surface constituent 1s formed 
exclusively on the active smpes and diffuses through the 
film with drtruslvlty D to mactive regions and also 
through the boundary layer where It IS camed away by 
the gas flow stream The concentratton of the gaseous 
product on the mactzve smpes wdl be zero smce It 1s 
assumed that ail molecules of thus spectes that stnke the 
hot surface are unstable and chssoclate mstantly so that 
sohd materml IS bemg deposlted on the mactive regtons 
dunng this process We are mterested in overall 
vaporrzatlon rates and rates of matenal deposition per 
umt surface area for spectied kmetics on mvlvldual 
patches To evaluate these quantities, we need concen- 
tranons and therr denvatives (fluxes) as a function of 
position m the boundary 

where subscnpt s refers to values on the sohd 
surface and superscnpt e to eqtibrmm values at a gven 
temperature and pressure 

The analmcal solution to thrs boundary-value problem 
can be found by separation of vanables In a senes form 
ttis solution is 

smh (km ; (1 - 7)) cos (k?r ; r> (3) 

A steady state mass balance on the gaseous product of 
concentration C in the domam shown in Fu 1 with 
y = 0 along the surface, and x = 0 at the center of an 
active stipe gves 

vvlth boundary con&tions 

pc = azc a2c 
-g-5-+---5=0 

dY 

dC -r -=- 
dy 9’ y=OandO<x<l 

C=O, y=Oandl<x<L 

c=o, y=&, allx 

The serves m eqn (3) does not converge umformly, and 
Its term by term dlfferentition at q = 0 1s not 
allowed[lO] However, one cau std evaluate denvatlves 
of the form (&/aq)q = 0 wbch are needed to calculate 
transport rates (see eqns 9 and 11) either numencally by 
takmg a very fine gnd of pomts close to the &scontuuuty 

(1) or analyt~ally by approxunatmg the step function at 
9 = 0 by a contmuous function vvlth a small ramp 

Two mdependent dunensionless parameters appear in 
thts model the fracaon of active surface l/L and the 
ratio of the boundary layer thxkness to half the &stance 
between smpes, 8/L We have calculated concentrations 
at the various pomts of the domam for several combma- 
Qons of these parameters A total of one-hundred terms 
of the senes m eqn (3) was considered in all cases 

For typical values of the parameter 1/L, we can 
examme the effect of changmg IL on the concentration 
of the produced species over the active and mactwe 

(2d) re@ons throughout the boundary layer An example IS 

aC=O x-Oandx 
ax ’ - =L, ally w 

(2c) 
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Conditions (2a) are unposed by symmetry The boundary 
con&tlon (2~) gves a zero concentratron of the volaUle 
product on the mactlve smpes (although there IS lateral 
diffusion) because of the assumed rapld dlssoclation of 
this compound on the hot surface back to Its sohd and gas 
constituents 

We shall first consider the stmple case of a completely 
diffusion hnuted reactlon on a surface with stripes,, then 
examme the case of a finite reaction rate and flu&ate 
calculations of concentration profiles Next, we shall 
present mass transport rates and plot the surface profiles 
predicted m each case Finally, numerical examples wdl be 
gwen to show the apphcatrons of the model and compare 
with existing expenmental data 
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Fig 2 Effect of 8/L on the dlmenslonless concentration II of the product spectes vs r) for l/L = 0 5 and fixed values of 6 
m the dlffuslon lmuted case (eqn 3) 
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MASS TRANSFER 
CONTROL 

8/L=I 0 
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Ftg 3 Effect of I/L on the product concentratton averaged over 
all values of 6 vs Q for 8/L = 10 m the dtffuslon lunded case 

(eqn 3) 

shown tn Fu 2 where concentrattons are plotted vs II 
for fixed values of 2; for S/L = 0 1, 10, and 10 0, and 
l/L=05 

MASS TRANSFER CONTROL 
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Fwe 3 illustrates effects of varying l/L for a partt- 
cular 8/L Here, average concentrations with respect to 6 
were calculated and plotted vs f for several I/L and 
S/L = 10 In a followmg sectlon we shall examme the 
effect that a heterogeneous surface has upon evaporation 
rates as compared with a umformly active surface with 
l/L=10 

In F1.g 4(a) contours of equal concentrations are drawn 
through the pomts of the 5 - 7 domam, for i/L = 0 5 and 
S/L= 10 

Finite reaction rates 
We consider next the situation where a heterogeneous 

reversible reaction occurs on the active stripes of the 
solid surface, 

M(s) + M+fMg) (4) 

wth a slow reactton rate gtven by the expresston 

raurfase = kfcA - k&s = -L@($)+ 

REACTION CONTROL Do=0 01 
s/L=1 0 

(b) 1 a 
u=o 0 L/L-O 5 

(5) 

au -_=o 
+c 

Ftg 4 (a), Contours of product concentrations in the .$z - TJ domam for S/L = 10 and l/L = 0 5 m the dlffusron 
hmtted case, (b), Same as m (a) but for reactton control wH.h D., = 0 01 Note the factor 4 7 x lo-’ muluplymg all 

dunenslonless concentrations and the ddferent behavior close to the dtscontmmty at .$ = f/8 
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CA m eqn (5) denotes the concentration of the reactant 
gaseous species A which IS approximately umform 
throughout the domam If the rate IS slow and CA * C, 
The specific rate constants kf and kb mvolvmg the for- 
ward and back rates of the reactlon are related through 
the eqmhbnum constant, K, for the reactlon of eqn (4) 

K,=+ 
b 

It 1s assumed that the product MA molecules are dts- 
soclated on smkmg the catalyst surface, and 
consequently kb IS the surface colhslon frequency of MA 
molecules based on gas kmetlcs 

By mtroducmg m eqn (5) the same dimensionless 
vanables as m the previous sectlon, and since K,, = 
(G’lC,), we ohtam 

where 0, = (k,,S/B), IS a Damkoehler 
expresses the ratio of the backward 
constant to mass transfer coefficients 

number that 
reactton rate 

Equation (7) is used as the boundary condition on the 
acttve regon, and the boundary-value problem IS soIved 
numencally by a fimte-dlfference approxtmatlon using 
elther 20 X 20 or 40 X 40 matices In this case there are 
three dlmenslonless vmables, l/L, S/L, and the Dam- 
koehler number, D, defined above For D, > 20, the 
dlffuslon controlled situation IS approached and in the 
limit, for very large D,, the analytical solution dlscussed 
m the previous section 1s appropriate Thus, we have 
compared values of the concentrations from both cal- 
culations at the same S/L and I/L and using a D, = 10000 
for the numerical solution to find an accuracy better than 
-95% Concentrations and rates are belteved to be ac- 
curate within a few per cent m all calculations mvolvmg 
other values of the parameters 

(7) 

Figure 4(b) dlustrates contours of equal concentrations 
m the e- 7 domain, m a reaction hmlted case, with 
D,, = 0 01, S/L = 10, and l/L = 0 5 The effect of D,, on 
the actual values of concentrations can be observed by 
comparmg this plot with Fig 4(a), which aves the 
concentration profiles at the same S/L and l/L but m the 
dlffuslon controlled sltuatton 

It IS mstructlve at this point to consider the case of a 
uniformly active surface Equation (7) IS then the ap- 
propnate boundary con&Ion for the whole surface (VJ = 
0, all 8). and the dlffuslon problem can be solved analy- 
tically to obtain 

u=j+l-‘l), * 
which shows that the concentration of the produced 
species falls linearly through the boundary layer witi a 
slope approachmg umty in the mass transfer hmited 
remon (for large Da’s) 

From concentration profiles obtamed numencally or 
analytically by solving eqns (1) and (2) m the reaction 

and diffusion hrmted cases respectiveIy, we can calculate 
effective mass transport rates per umt surface area on 
smpes of half-width L 

At steady-state, the total production rate (by surface 
reaction) must be equal to the evaporation rate through 
the top of the boundary layer and the rate of deposltlon 
of solid matenal on the inactive regon (by dnsocla0on 
of the product species) 

The effective total rate per unit width L of produc- 
tion of solid from the active surface IS calculated from 
the equation 

9 it,=-- 1 ac 
L 0 ay y-odx=- I( > F 1”’ (g),=,dS 

(9) 

Smularly, the evaporation and deposition rates are given 
by 

and 

WJ) 

(11) 

We can express the ratio of the evaporation rate of the 
product to the total rate of production from the hetero- 
geneous surface by (I_ = NK, and observe how tlus 
changes with the different parameters For a uniformly 
active surface we obviously have Fe = f* and Q, = 1 

In the latter case an analmcal expression for the 
evaporatton rate IS found from eqns (8) and (lo), 

(12) 

It 1s seen, therefore, that for a umformly active surface 
the theoretical eqn (12) can be applied dvectly to cal- 
cuiate vaponzation rates m any pressure regton, and 
under vaflous flow comhtlons, this equation requues 
only equdtbnum thermodynamic data and the boundary 
layer thickness which can be obtained from semi- 
empltlcal correlations 

In the diffusion lumted case which has an analyttcal 
solution, eqns (3) and (10) @ve evaporation rates, ie = 
fIL(SBC,‘IS), lower than for a umformly active surface 
(eqn (12) with D, -+a~) by exactly the fraction of active 
surface, l/L Thus, in this regune an upper bound to the 
rate of metal loss is predicted by consldermg the surface 
as homogeneous 

Effective transport rates for heterogeneous surfaces 
are plotted m Fig 5 vs S/L, for IIL = 0 5. m the dlffuslon 
control case For compmson, rates from a homogeneous 
surface are also shown m the same figure 

Figure 6 dlustrates the vanatlon of evaporation rates 
with Damkoehler number The solid curves are drawn 
through calculated values of i;, for l/L = 0 5, and dashed 
curves are for rates at l/L = 10 (homogeneous surface) 
In the regon of small D.,‘s (reaction control) rates m- 
crease approximately lmearly mth increasing Damkoeh- 
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MASS TRANSFER CONTROL 
L/L=0 5 

(8/L)-- 
Fig 5 Effecuve transport rates (eqns 9-12) plotted vs S/L for 

I/L = 0 5 under mass transfer control (0. +CO) 

ler number, whrle m the dtiuslon control regune, there IS 
only a small increase in the evaporation rates Hrlth 0, 
The rates plotted in Fe 6 are for three values of the 
parameter S/L We see that as SIL increases, the 
Merence between evaporation rates from a 
homogeneous surface and those from a surface with 
l/L = 0 5 becomes more and more pronounced especmlly 
m the reaction control regron (because for large S/L, 
there IS a relatively higher deposition rate on the inactive 
stripes)) 

Tlus model allows an estunation of surface profiles 
through the assumption of surface heterogeneity 
because, whde there is a constant removal rate on the 
active remans of the surface (active stripes m the present 
model), there IS also a conconutant budt-up rate on the 
mactlve regon at steady-state conditions The shapes of 
the surface profiles wdl depend on the parameters m- 
volved m the model 

Usmg our analytical and numerxal calculations, we 
found the slopes of concentrations of the produced spe- 
cies at all points of the surface (7 = 0) These are of 
course negative on the active regon and posmve on the 
inactive stipes Figure 7(a) shows plots of the denva- 
tive (&/aq)q = 0 vs 6 m the mass transfer controlled 
situation for f/L =0 5 and for three vaIues of the 
parameter S/L = 0 1, 10 and 10 0 For small values of 
S/L, it IS observed that a strong vanation occurs near the 
point of dlscontmmty and there IS also a large deposltlon 
of matenal close to thus point on the mactive part of the 
surface (“hp” or “hdlock” formation) As S/L in- 
creases, however, the profile becomes more and more 
umform because mater& evaporates almost equally 
from all points of the active stnpe and is deposited 
umformly agam on the Inactive regon Note that m this 
case curves are almost symmetical since the evapora- 
tlon rates for large S/L are very low 

Surface profiles were also calculated for other condl- 
tions, and for various Damkoehler numbers In the reac- 
tion hmlted regune, with D,, = 0 01, the results are shown 
m Fig 7(b) Here we have agam chosen l/L = 0 5 and 

L/L.1 0 lUMDGEMECMJS 
_--y 

10-Z 10-l 100 IO’ IO’ IO’ 104 

REACTION CONTROL Da- MASS TRANSFER CONTROL 

Fu 6 Evaporation rates vs Damkoehler number, 0, for S/L = 0 1, 1 0, and 10 0 Sohd curves are for hetero- 
geneous surfaces with f/L = 0 5, wlule dashed curves are for l/L = 10 (homogeneous surfaces) 
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FUE 7 (a), Surfaces profiles m the dlffuslon lumted case for I/L = 0 5 and 6/L = 0 1, 1 0 and 10 0 (b), Surface 
profiles for the reachon control case with 0. = 0 01 and same j/L and S/L parameters as m (a), reduced to the same 

recession profile on the active reson by the shown scahng factors 

plotted values of the slopes (&~/aq)~_~ on the surface vs 
& for the same S/L values as tn Fig 7(a) In tbs case we 
have averaged the proties and reduced them to the same 
value of (ada~),=~ m order to get a better picture of the 
profiles on the macbve region On each curve the 
numbers by which actual deposltlon and recesslon 
profiles were multiplied are gven Comparmg these rela- 
tive profiles, we see that for the same recessed active 
surface, the bulltup matenal on the mactlve appears hke 
a sharp hillock close to the pomt of dlscontuuuty, for 
S/L = 0 1, while for S/L = 1 0, relatively more matenal IS 
deposited toward the end of the mactlve stipe, and for 
6/L = 10 0 the burlt-up IS almost umform with E 

These profiles, whrle actually observed in sltuatlons 
where erosion of the solid 1s known to occur, by no 
means descnbe all morpholo@es observed tn thermal and 
catalytic etchmg We may use them, however, as a first 
approxunation in cases of practical interest, some of 
which are discussed m the following section, to see 
whether average heights of deposited matenal are of the 
order of expenmental values after specified penods of 
time 

AETLJCATIONS 

The models developed m the previous sections may be 
apphed to systems in which a solid substance (umformly 
or nonumformly active) reacts with a gas to form volatie 
products which then undergo the reverse reaction, 
reforming the sohd at a different location m the system 
Chemical transport reactions of this kmd Include forma- 
tion and decomposltlon of oxtdes (e g platmum metals 
oxidation). metal and oxide transport m water vapor (e g 
W, BeO, WOO, SlO& oxide transport m the presence of 
oxygen (e g IrOz, RuOl, CrzOs) and others[7] 

In these processes It is assumed that the sohd does not 

possess an appreciable vapor pressure at the apphed 
temperatures, so that It 1s transported as a compound 
rather than by subhmatlon 

Platinum oxrdutlon 
Platmum oxldlzes at measurable 

tures above -800C to produce 
PtO*[lll 

rates for tempera- 
a volatile species, 

4 
%I + Ounq=PtOze, (13) 

At steady state, the oxldatlon rate for the surface 
reactton gven by eqn (13) IS, 

r. = 4 C, ~ -kbCptw. (14) 

where r, 1s m b/cm’ set], kf and kb are the forward and 
back specific rate constants in [cm/set], C,%, IS the 
elude concentration on the metal surface m wcm3], and 
CQ. = Pm .M,IRT,, the oxygen concentration m 
[g/cm3], assumed unperturbed as the surface IS ap- 
proached, 1 e CR. = C,, Values for the eqmhbnum 
constant of this reaction K.. can be taken from the work 
of Alcock and I-Iooper[ll] For a condensation 
ceofficlent of umty for the dlssoclatlon of the unstable 
PtOz molecules upon stnkmg the hot platmum surface, 
we can calculate kb, tn eqn (14) by the expression, 

kb = (2n-MRT)-“2 RT, (15) 

where M 1s the molecular weight of Pt02 
Assuming a heterogeneous surface, we can now apply 

our dlffuslon model to the oxldatlon of platmum and 
calculate evaporation and deposition rates from eqns (10 
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and 11) The d&~s~on coefficients are es&mated from the 
C hapman-Enskog equation [ 121 The boundary layer 
thtckness 8, can be calculated from an expresslon of the 
form, S = W/NW,, [13], where w IS a charactenstic 
dunemuon of the sample, and NIL, the Nusselt number 
for mass transfer, can be obtamed from pubhshed free or 
forced convection correlation curves[14,15] 

Evaporatron rates Several years ago Fryburg and 
Petrus [ 161 employed electtrcally heated platmum nbbons 
m oxygen or au to study expernnentally the kmetics of 
the oxidation of platmum 

Bartlett[S] m 1967, considered the couplmg of concec- 
tive tius~on and surface reaction on a umformly active 
platmum surface, and calculated platmum evaporation 
rate isotherms In static oxygen at 1060°C his calculated 
oxidation rates agreed well with Fryburg’s experunental 
data over the entie pressure range for nbbons 0 0287 cm 
vvlde 

In Uns case, the assumption of a uniformly active 
(l/L = 1) platmum surface may be quite good However, 
Fryburg reported that evaporation rates were lower from 
crystals Hnth (111) onentatlon from the polycrystalhne 
nbbons Also mlcroscoplc exammatlon of the nbbons after 
reaction revealed some stnated grams and others that were 
smooth but dotted wtth small PIPS Thus, It seems worth- 
whale to apply our models of a heterogeneous surface to 
calculate rates of platinum evaporation and redeposltlon 

Assuming that the active re@on comprises most of the 
surface except for some spots where normal oxldatlon 1s 
mtiblted, we have calculated i;, and r, for a Pt ribbon 
0 0287 cm wide 1 atm of oxygen and 1060°C The values 
of the parameters l/L and S/L were taken equal to 0 9 
and 15 respectively (for 6 - 300 p and L = 20 CL) Smce 
0, > 150 at these conditions, the model for mass transfer 
control was apphed The evaporation rate, &, IS thus 
equal to 8 8 X lo4 cm Pt/hr m good agreement \krlth the 
expenmental value (- 12 x 10e5 cm Pt/hr) The rate of 
deposition, id, was found equal to 3 x 10m4 cm/hr, that as, 
m about one hour the hetght of the mocks wdl be of the 
order of 2-3 p, agam wlthm the range of expenmental 
observations 

NH, oxrdatron on platrnum 
Facetmg In a recent pubhcation[l7] we descrrbed the 

morpholo@cal changes induced on single crystal spheres 
of platmum metals used to catalyze the NH3 oxidation 
reaction at a total pressure of 1 atm Under autothermal 
conditions, facets of 1-3~ size were observed on the 
platmum spheres We suggested that a possible 
mechamsm of facetmg may be the boundary layer 
transport of Pt02 formed selectively on reflons that are 
the least active unth respect to the mam reaction (NH3 
oxidation) 

We can apply the models developed here to calculate 
rates of platmum deposition and explam facetrng in terms 
of this mechamsm As an example, let us consrder a 10% 
NHa in au murture (Pm = 0 18 atm) for a catalyst 
temperature of 900°C For a sphere of 200 p diameter 
and low flow velocities we e&mate S - 100 p Then 

- 60 and for f/L = 0 5, the rate of deposltlon, Fd can 
b” founb from Ftg 5 Thus, Fd = 2 8(~C,e/L)(3600/ppt) = 

lo4 cm P&r, where 9 - 0 8 cm’lsec, c.’ = 
5 33 x lo-” g Ptlcm’, ppt = 21 4g/cm3, and L was taken 
equal to 2 p This value for Fd IS of exactly the same 
order of magnitude Hnth observed rates of facetmg[l7] 

Ptttmg When the platmum spheres were heated well 
above the adiabatic temperature for conditions otherwise 
the same as discussed previously, randomly Qsmbuted 
pits appear on the surface after only a short tune of 
reacuon[l7] We can calculate fah. m tis case, for T = 
1400°C. I = 2 p, and IIL = 0 1 (I e by assuming that OXI- 
dation of platmum 1s enhanced at some spots probably 
because of lugher local temperatures) For 6/L = 5, l/L = 
0 1, and D, -45, we used the model for mass transfer 
control to find & - 10V3 cm Pt/hr Thus, it would take 
15-20 mm for pits of - 3 ~1 to form, as we have observed 
expenmentally 

Metal loss Rates of platmum loss at several tempera- 
tures durmg ammoma oxldatlon were calculated by 
Nowak[18] with the assumption that the metal loss was 
due to reaction (13) followed by transport of gaseous 
PtO* away from the surface Followmg the method used 
by Bartlett[I], he calculated oxidation rates for mfimte 
platmum cylmders m forced convecttble flow under the 
conditions used by Handforth and Ttiey [ 191 m thev 
measurements of plahnum loss durmg ammoma oxlda- 
tion These rates were found to be greater than the 
observed rates by a factor of about four in the tempera- 
ture range of 500-1400°C where mass transport was the 
rate lunltmg step[18] 

Our model of a heterogeneous surface would predict 
lower evaporation rates (by the factor l/L) than those 
from a umformly active surface (I/L = 1) assumed by 
Nowak, thus bnngmg the rates closer to the expenmental 
values Moreover, It would allow an estnnation of the 
rates of surface roughemng wbch 1s considerable and 
occurs snnultaneously with metal loss m the mdustnai 
ammoma oxtdafion converters 

We also note that these models predict lower rates for 
huger crystals m agreement with expenments[17] Also, 
the effect of bher flow velocities would be lugher rates 
of evaporation in the mass transfer control regune 
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