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The dissolution proéess eonsists of two steps, the entry of atoms
frem the solute into the'solveng and a sﬁbsequenteaiffusion of these'
': atoms through the solvent. Either of the two steps‘can,be the slow
" step, and therefore the dissolution process can be either interface-
controlied or‘diffusion-controlied,-vIf the rates of the tﬁo steps are
approximately equal then neither:eould beveqhsidered ae_the only step
influencing the rate of dissolution.,“;‘ |

In the case Where'the entry step.is'fate‘cbntrolling; solute atoms
~are relatively free to diffﬁse rapidly thrquéh the solvent. This con-
ditidn results in a fepid drop in.concentretion.folLowed byva constant ;.
. .solute concentration in therselvent es a function of distance due tol
rapid diffusiyity. .Consider the saiuration concentration, as ean be
founa from the proper phase diagram, es Cs and the coneentretien-of the
esblute in the solvent adjacent to the‘solute7as Ci' At zero time the

level of Ci will be zero, and as tim2 increases this level will increase

11

‘non-linearly until equilibrium is reached and Ci Cs' In this case, and
~in the following cases it is assumed that the temperature is constant
and that at equilibrium the chemical activity of the solute in the solute

is the same as the chemical.aetivity_of the solute in the solvent. The

rate of entry of solute.atoms into the solvent, Re,'is much less than
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the rate of diffuéion,of.solute atoms.tthugh.thélsglvent,4RdQ

| When diffusion is rate contfolling,.solute atoms are free to enter
the solvent, but are restricted in their movement .through the solvent.
This condifion results in_a.build;up of ‘the concentfation at the inter- : ‘f ..
face followed 5y a gradual.deérease.in.solﬁte.concentf;tion as the l
solute atoms slowly'diffuse through the sblvent;_:At zZero timé Ci will
be zero, but as time increaéés-c;,wiil igéféasg rapidly until itvreaches   -
‘CS. vDu;ing this}timé,'howéver, the concéntratiop‘profile'wili maintain
an error function configuratioﬁ. .anefci.reaches.Cs;,this confignration
will change until at equilibrium the concéntraﬁién_of solute in so;vent
will be constant’thrqughout.the solvent. - |

.The process of dissolﬁtion cah be'compared with the process of sur-

face evaporation; Crankl has;ysed this analogy and consideréd the
mathematics of the pfocess of evaporaéion‘from an infinite flat surface
where diffusion is‘limitéd by~an.interfécial reaction{ When the diffusioﬁ,”v
-~ step is rate—contréll;ﬁg tﬁe‘concenfrgtion.at ény point in ﬁhe‘vapor.

- phase can bevfoﬁnd by

Cemc ere A
2/Dt IR S
vwhere . ; ?
.C = éoncentration at'any point
C, = saturation éoncent;atiog~.-f“
- X = distance
D = diffusion coefficient:_'

time

ct
]
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- When both steps havé,approximately.the same rate . constant, a com-

. bination of the two previous cases will be encountered. There will be a

drop in concentration at .the interface to a value of Ci which lies

between Cs and the solvent concentration. HThe,concenpratiOn will then

. gradually decrease with distance to the solute,concentration'in the sol-

.vent. As with the diffusion-controlled case, the interface concentration

will increase until Ci'=Cs and then the concentration in the solvent will

increase until bs is reached at complete saturation of .the solvent.

. When the diffusion of the solute atoms in the solvent is limited by the
interfacial reaction, the expression for the concentration at any point

" in the solvent contains error functions and a constant of proportionality.

o, : N | IR
C = C_ |erfe (:'X ) - e?ffh'Dt erfe ( M h/ﬁg)] (2)
' 2/ptl oo et d
where h = %fand a'is_the_ihterface'feagtioh coefficient defined as
u‘Cs - 0,) = D% o - T .(3)

In this case it is assumed that the reaction is proportional to the

-chemical activity difference betweenvkhe.two phases.

Simpson and Carter2 used these equations to study the diffusion of

'_oxygen in calcia-stabilized zirconia, taking.into account the oxygen

. ‘surface exchange.1 A'probability plot for Eq. (1) will have C/2C_ = 0.5 |
for X=0 after interfacial equilibrium is established, while Eq. (2) will
~ have C/2C_ < 0.5 for X=Ovuntil.the reaction ceases. Equation (2) will

v'not yield a straight line, but the resulting curve will;have'a}very large
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 radius of curvature and curvatufe ﬁillvnof be"defééﬁablé“oVef an.order
Vvof maénitude.ch@nge‘in C/2Csi This can be.seen in Figs. 1 andb2 where
' microprobe data for reécting Systems~weré plotteduusing‘this.technique..
Dissolution 6f eachQéf,the oxides‘§f iron in sodium disilicéte glaségf_'
“was found by Bor0m3.tq.be diffusion controlled. A plot of his da£a on |
probabilityvpaper.(Eig;vl) for this éystem substantiateé the fact that
.the dissolution is diffusion~controlled. Dorn, et al.h have also shown'
" that Eq. (2) can .be applied to several.metallurgical cases such as the
v‘carburization and nitriding of several ﬁetals._AThey present graphical
methods for the detérmination:of>the paraméter‘hZDt, knowing the con-
centration ratio C/C;,and the parameter hx.
The dissolption of éingle crystals of'cofundum was investigated by
Reed and BarrettS who‘rbtatéd\rdds of corﬁndum_in silicate melts. A
weight loss was'measured and diésolution rates were calculated from these

“data. The dissolution was found to increase with the speed of rotation

and therefore it wasvgoncluded that the'ﬁrocess was diffusion-controlled. .

In a later.paper,6 however, they observed a product layer which implied
that they were lboking at & surface reaction'rather than just dissolution. -
Busby and Eccles7valso:investiggteavthe dissolutidn of corundum |
vsingle crystals in several molten glasses. They, too, used weight loss
data and calculated dissélution rates frombfhese data. For two of the
. glasées they explained the cofrOsion préfile in terms of diffuéion, .
. ﬁensity currents in.the glass, and surface tension.phénoména.v
Cooper and KingérYS’g stndied,the-dissolution of varioﬁs.ceramicv

materials in a molten calcium aluminum silicate,slag...TheyAused the

’
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- rod,rotation.technique.and.meaéured'the.decrease in rod diameter and

Jlength. The dissolution, using these data, was considered to be con-

trolled by transport in the molten silicate. - Measurement of rod diameter’f: “

before ahd after exposuré, however, would not give.separation of the
entry rate from the rate of diffusion in the molten silicate in a
stagnate system. |

The A1203-Na20~28i02‘systeﬁ ié an example of ome in which the enfryviv
step plays é more important role.: A polished piece of sépphire vas

heated to 900°C with sodium disilicate glass .resting on top of it. The -

Al,03 and glass were held there under no pressure for two hours and then

cooled rapidly. Materials and equipment were discussed previously.lo

. The Al,03-glass interface was then»micropfobed and the alumina concen-
ratiop plotted 6% probability paper (Eig. 2). It can be seen from the.‘
ordinate intergept that fér these conditions ﬁhe dissolution process is
.not purely diffusion-confrolled. Thié mayvbe true either becausé the
initial(build—up of-gi to Cs is relativély sluggish in this system or

| because dissolution in this system is influenced by the entry step at
e . .

all times.  In either case, for these conditions, attempts at controlling x >f.

properties in this system must také_into account:the influence of the
entry step and not rely upon diffusion asibeing the only step influencing

the process. ~ - - . R
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