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Ansrnacr

The rate of crystallization of amorphous silica to quartz at 330" c. in liquid water is pro-
portional to the square of the hydroxyl ion concentration. Saturated solutions of albite have
only slight catalytic efiect on the reaction indicating a low hydroxyl ion concentration.
This low concentration is a reflection of the depression of the solubility of albite in the
presence of amorphous silica. fn albite solutions the concentration of aluminosilicate ions
must be small and the framework hydrolysed, most of the silica beine in the same form as
in solutions of pure modifications of SiOz.

INtnooucrtoN

rn a previous study campbell and Fyfe (1960) followed the rate of
crystallization of amorphous silica in alkaline solutions at 24so c. The
path of crystallization was alwavs:

amorphous silica-cristobalite+quartz,

and the time required to form qtartz, a linear function of l/(OH-). It
was suggested that this catalysis could be used as a pH indicator under
hydrothermal conditions. The present results are concerned with an at-
tempt to use this reaction to obtain information on the reaction of albite
with water at 330o C.

The solution of a framework silicate such as arbite, may be considered
to follow the pattern:

NaAlSirOa -' Na+*AlSiaOs-

followed by

AlSfu Ot+Hro-;hydrolysis speciesf OH-.

rn such a reaction it would be of considerabre interest to know if appre-
ciable concentrations of aluminosilicate ions exist, and what hydrolysis
species are present. Some indication of the pH of the resultant solutions
would be of interest.

To obtain such information with albite a series of measurements have
been made' First, for a given batch of amorphous silica the hydroxyr ion
dependence of the time required to form qtartz is established. The same
reaction is then studied in solutions saturated with albite. Second, the
solubility of albite in water must be measured and the depression of this
solubility by amorphous silica. rf this depression is appreciable it follows
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Tlsr-n 1

NaOH, Moles/Litre Length of Run, Hours Products

0. 100
0 .100
0 100
0. 100
0 .100
0. 100
0. 100
0 .0500
0.0500
0.0500
0 .0500
0.0500
0 .025
0 .025
0 .025
0.025
0 .025
0.025
0 .025
0 .0125
0.012s
0 .0125
0.0125
0 .0125
0 .0125
0.00625
0 .00625

3

1
1+
l 3

3
4 ,  5 ,  1 0 , 3 6

6
7
8
9, 10
4
8
12
1 6
20
24
2 8 , 3 2 , 3 6
8
t6
40
48-80
90
l2o ,124
r20
278

C , Q

Q ,  C : K

Q ,  C : K

Q ,  c : K

Q , C
Q:r00%
Q:r00%
C , K , Q
C : Q
C : Q
Q , C
Q:100%
C (weak)
C , Q
c , Q
C , Q
C , Q
Q , C
Q: t \o%
C (weak)
I

C , Q
C , Q
C : O

Q:100%
C , Q
C , Q

thata common species must be present. In all cases activity effects wil l

be small as solutions are quite dilute. A summary of the results of these

various steps follows.

Hvunoxvr, IoN Carer,vsrs or SrLrcA CRYSTAT'LrzATroN

Experimental details were essentially similar to those of Campbell and

nyfe (tooo). Ignited sil icic acid was crystall ized in the presence of sodium

hydroxide at five concentrations. The results obtained are summarized in

Table 1 below. The major difierences between these results at 330o C. and

those found previously at 245" C. are (1), the rate of quartz formation is

alinear funciion of 1/(OH-), not 1/(OH-)and (2), sil ica-K (keatite) ap-

peared in runs using strong sodium hydroxide'

An attempt has been made to analyse these results in terms of the

species present in the solutions. This requires knowledge of the first and

second dissociation constants of silicic acid at the temperature of the ex-
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periments. To obtain approximate data the values of Greenberg and
Price (1957) and Roller and Ervin (1940) obtain ed. at 2So C. were extrap-
olated using a relation found by Pitzer (t937). It is important to note
that the concentration of singly charged silicate ions is proportional to
(OH-) whereas that of doubly charged silicate ions is proportional to
(OU-;'. It is thus possible, given the time for complete formation of
quartz at one concentration, to estimate times at other concentrations
assuming various species to be rate controlling. The results of this analy-
sis are shown in Table 2. rt is clear that the best f it to the data is obtained
if the rate is considered to be proportional to I / (OU-12 . A similar analysis
for the time to obtain well formed cristobalite indicates a rate propor-
tional to l/(OH-) but in this case the time cannot be fixed with any
precision due to the rather gradual changes involved. The dependence on
(OH-;' found, could equally well mean that the actual mechanism de-
pends on HzSiOr-, or OH-XHaSiOn- or (HsSiOa )r. As discussed previ-
ously (Campbell and Fyfe, 1960) the large effect of pressure on the rate
in pure water is suggestive that a silicate ion may play an important
part.

Tue Solusrr,rry or.Arsrrn rN WATER ar 330o C.

Morey and Chen (1955) have made some determinations of the solu-
bil i ty of albite by their f low method and have shown that albite does not
necessarily dissolve congruently. under conditions close to those used in
th is  s tudy,  the rat io  of  NasO:AlzOa:SiOs found was 1.05:1:6.71 indicat-
ing a fairly close approach to stoichiometric solution. The present results
were obtained by the static method of measuring weight loss of single

Trll-n 2

Predicted Times
(Experimental reference
and species assumed to

be rate controlling)

NaOH Concentration

5x104 2.5x10- '  1 .25x10- '  6 .25x10-3

2 hours
2 hours
8. 5 hours
8 5 hours

27 hours
27 hours

115 hours
115 hours

(oH-)
(ou-;z
(on-;
(oHl,
(oH-)
(ou-;'
(on-;
(ou-;,

2

4 . 3
2 . 1
6 . 8
r . 7

I4
3 . 6

4
8
6 . J

8 . 5
t.t . .)

6 . 8
29

/ . J

8
32
l 7
34
27
27
58
29

16 32
128 510
34 68

136 5M
s4 108

108 430
115 230
115 460

Observed times for quartz formation:
n 8 . 5 1 1 5 >278
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Tesla 3

Time (hours) Weight Loss, Wt. /6

o .0277
0.0245
0.0269
0 .0295
0.0269
0.0267

0.0318 wt.%o at 350o C. and 5000 psi.

TuB Sor,unrr-rrY ol Quenrz rN WArER AT 330o C'

As the depression of the solubility of albite by qtattz solutions was to

be measured, further measurements of the solubility oI qtartz at 330o C.

were made by determining weight loss of latge qtt'artz plates' Times for

solution varied from t hour to 23 days and the value selected was 0.069

wt./6 or 1.15x10-' molar in moderate agreement with Kennedy's (1950)

value of 0.074 wt./6 (Morey (1957) also gives rather lower values than

Kennedy in this range). Results are recorded in Table 4.

DnpnnssroN oF ALBTTE Sor-usrrrrv BY QuARrz AND

Auonpuous Srr.rc.l

Several measurements were made of the solubility of albite in solutions

which were saturated with amorphous silica and quartz. The technique

"f^""" -

Time (hours) Weight Loss, Wt. /6

I O

2 l
2 l
29
46
58

I

A

8
t2
17
24
61
23 (days)

0.0363
0.0497
0.0601
0.0619
0.0693
0.0683
0.0617
0.0683
0 .0682
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when amorphous silica was used, slight difficulties were encountered be-
cause some of the fine sil ica adhered to the albite. The results showed
clearly, however, that the solubility of albite in these solutions was almost
completely suppressed and could not be more than a lew /6 of that in
pure water. with solutions saturated with quartz, the solubil ity was
much reduced but still measurable, and a varue around 0.005 wt./6 was
found which is much Iess than the value oI 0.027 wt./6 inpure water. The
results show beyond doubt that when albite dissolves much of the sil ica
must be in the same form as present in solutions of silica polymorphs.

TnB Ellpcr or Ar,smB ow Srrrca Cnysrarrrzarrow

confirm the slight alkalinity of albite sorutions. Although only very
broad limits can be placed from these data, it seems unlitely that the
hydroxyl ion concentration of these solutions courd exceed 10-5 molar.

DrscusstoN on Rnsulrs
The most significant conclusions from the above experiments are con-

cerned with the species formed on solution of albite. First, the framework
must be largely ruptured to simple species with the form of sil ica being the
same as present in solutions of sil ica polymorphs. we shall assume this to
be Si(OH)a. Second, the level of alumina in such solutions, near 10-B
molar, requires that extensive formation of aluminate ions must occur.
Morey and Chen (Morey, 1957) have shown that corundum has a very
low solubility in pure water, a resurt confirmed by D. weill working in
this laboratory. The flow experiments of Morey and chen (1955) also
show that most of the alumina formed from arbite solutions must be in
solution.
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All these observations can be explained if it is assumed that albite solu-

tion occurs mainly as expressed by the reaction below:

NaAlSirOe*water : Na+*AIOz-+ 3Si(OH)4'

(Note, the aluminate ion is probably hydrated as suggested by Sidgwick

(1950) who indicates that both AI(oH)n and Al(oH)63- are possible.)

The above reaction applies only to the P-T conditions studied here. we

may thus write an equilibrium constant:

K= (Na+) (AlOr) (Si(oH), 3-27 Xr0-'u

at 330o C. in liquid water. This must only be an approximation due to

some degree of nonstoichiometric solution. Using the above equilibrium

constant and the solubility ol quartz in water, the solubility of albite in

quartz-saturated solutions would be estimated to be about 1.6X10-a

molar in reasonable agreement with the observed value of approximately

2Xl0-4. From the sotuUitity data for amorphous silica of Hitchen (1934)

we would anticipate an albite solubility of about 2Xl0-6 which explains

the negligible solubility observed, in the presence of amorphous silica'

clearly the equilibrium as written above is oversimplified for con-

siderable hydrolysis of aluminate ions must occur and some silicate ions

must be present but the above relation explains the present data reason-

ably. Any equilibrium involving extensive formation of polymerized

AlSi anions would not explain the silica depressions'

It follows from the above treatment that under these conditions,

aluminic acid must be stronger than silicic and that the hydrolysis of the

aluminate ion must be small. Such a conclusion may not be unreasonable.

There is a trend as noted by Fyfe, Turner and Verhoogen (1958) that as

acids become weaker, their temperature of maximum dissociation in

water tends to occur at higher temperatures. Data given by Latimer

(1g52) suggest that silicic acid is slightly stronger than aluminic acid at

25o C. This relation could well be reversed at 330o C. Both acids would be

stronger at 330o C. with aluminic stronger than silicic. At the present

time studies are in progress to test this proposal by measuring the

solubility of corundum in dilute solutions of sodium hydroxide at ele-

vated temperatures.
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