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librium with a reversible metastable solid.

INTRODUCTION

IT HAs BEEN PROPOSED that the concentrations of dis-
solved alumina and silica in natural waters are con-
trolled by partial equilibria between solution and clay
minerals and/or gibbsite (e.g. HELGESON, 1968; HEL-
GESON et al., 1969; Fritz and TarDY, 1974, 1976;
Frrrz, 1975; Micuarp and FoulLiac, 1974; Foulr-
. Wcetal, 1977) or by equilibrium between solution

and halloysite and/or microcrystalline gibbsite (HEM
L' fral. 1973). However, when the compositions of cold
hatural waters are compared with their calculated
. fQuilibrium  compositions with respect to the
s,‘: Minerals, significant departures from the equilibria
¢ Are apparent (Pates, 1970, 1972, 1973). Another poss-
4‘}5 controlling mechanism may be the adsorption of
dissolved silica and aluminum on silica or silicate sur-
feces (Beckwirh and REEVE, 1963; MCKEAGUE and
© e, 1963; StoseR, 1967; ILER, 1973). However, the
- ,‘dsorption of aluminum is probably not very effective
‘n controlling the aqueous concentration because of
the high affinity of hydroxyl ions towards AI** ion
oI 5 rapid polymerization to form hydroxocom-
Plexes (Surr and Hem, 1972). While both the equilib-
Tum  witp respect to well defined minerals and
:‘;‘"plion ‘operate in Al 03-Si0,-H,0 system
i rc:r fffmrable conditions, it is proposed here, that
ity trsible equilibrium between solution and a meta-

¢ Cryptocrystalline aluminosilicate of varied com-

p?;:lion Cxplai‘n's bf:st the observed concentration of
: Ures naan? silica 'm natur:fll waters at I.ow tempera-
'f‘ durin( 2§ C). T}‘ns reversxb].e mechgntsm o;?era(es

' tg th.e irreversible dissolution of primary minerals
- ¢ irreversible formation of thermodynamically
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Abstract—Primary aluminosilicates are transformed at low temperature into a sequence of metastable
and thermodynamically stable secondary minerals by an irreversible process. The aqueous concen-
trations in the associated solution may continuously change during the process or they may be main-
tained constant through hydrodynamic or chemical steady-state mechanisms or through chemical equi-

Disequilibrium indices calculated for 152 natural waters and experimental solutions show that the
solutions are unsaturated with amorphous aluminum hydroxide, microcrystalline gibbsite, amorphous
silica and amorphous aluminosilicate, and they are supersaturated with gibbsite and kaolinite. The
disequilibrium index for halloysite varies widely from unsaturation to supersaturation.

Only the index for the reversible metastable cryptocrystalline aluminosilicate whose composition
is pH dependent is very close to zero indicating saturation. The index varies in a narrow range.
This, supported by electron micrographs and the results of X-ray fluorescence spectroscopy presented
by other authors, suggests that this metastable solid, and not the secondary aluminosilicate minerals,
controls the concentrations of alumina and silica in natural waters.

stable secondary minerals. The secondary minerals
may have reached different stages of crystallinity
(PeTrovic 1976, Fig. 1) and morphology (Henm! and
WaDpa, 1976). The experimental studies of the effect
of adsorbed aluminum on the solubility of amorphous
silica in water (ILER, 1973) supports the hypothesis
that silica and aluminum in solution combine to form
a metastable aluminosilicate that is less soluble than
either oxide alone. This solid behaves reversibly. Part
of the aluminum and silicon are removed from solu-
tion irreversibility, because they are fixed in newly
formed minerals.

THEORY

An example of a typical irreversible process at low
temperatures, such as rock weathering, is illustrated
in Fig. 1. During this process a primary mineral
whose mass in moles is M, dissolves and M, moles
of a reversible metastable mineraloid, M, moles of
an irreversible metastable secondary mineral and M,
moles of a thermodynamically stable secondary
mineral are produced. The portions of the chemical
components remaining in the water are m, m;...m,.
The total irreversible process consists of a sequence
of reactions whose rate constants are k,... ks. In
general, the molarities in solution change during
the irreversible process in which dM,/dt < 0 and
dM_/dt > 0. However, concentrations of some com-
ponents can be maintained constant due to a hydro-
dynamic steady state, chemical steady state and
chemical thermodynamic equilibrium.

Let us consider a general sequence of reactions in-

Fig. 1. The rates of the reactions are controlled by
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Fig. 1. Irreversible transformation of a primary mineral into secondary minerals and the position

of a reversible metastable solid in a natural water system. M, M,, M, M, are the extensive masses

of the primary mineral and the reversible, irreversible metastable and thermodynamically stable second-

ary phases respectively. m;, m;, m, are molarities of participating chemical components in aqueous
solution,

the concentrations in solution. Their kinetic orders
with respect to a dissolved species i are ay ;...04 &

The general rate law of reaction r with respect to
the aqueous species I is

dm; L
R :< dt>, =k T[ mj U]

J=14d

where j=1,2...i...n includes all the aqueous
species participating in the reaction r.
The hydrodynamic steady state is defined by the
condition
a'"i
——=0=Ry;+ Ray— Ry —

Ry, — Vom,. (2
Z’)t 33 vm ()

The hydrodynamic dispersion and diffusion are
neglected in eq. (2), v is the mean linear velocity of
water in the x, y and z directions and V is space-
gradient operator

i) ) é
dx + dy Yo

The chemical steady state is maintained under the

following conditions

p=0 3)
dm;
d[ 1, 2, ( )
and
Rae.i> Ry &)
or .
. Ryi<Ry;and Rg; > Ry; — Ry’ (6)
so that
M, =0. W)

The equilibrium concentration of a component i
in solution is maintained under the following condi-
tions

Rl,i < R4_,‘ and Rz',' <'/R3_,- (8)
dm,
S = 0= Rus = Ry ©)
dt
for a reversible process
R..
=) (10)
Ry

and after substituting eq. (1) into eq. (10}

L mpmr = = K, (1

here (a3 — y); Is the stoichiometric coefficient of the
component j in the reaction between the solution and
the reversible metastable solid; K is the equilibrium
molarity product identical to the equilibrium constant
for ideal behavior.

The equilibrivm control by the reversible meta
stable phase during an irreversible process permits
changes in the molar quantities of the sobd phases
as follows:

dM
dtp = —vi;Ry; (13
dM

= v iRy; — v3iRy; — vsiRs; (13
dt ' T T

dM,

— = vy iRy + vsiRs; — ve,iRe; (14
dt ' ’ ’ )

dM
dts = vg,iRe,; (13

where v, ; are the stoichiometric coefficients of a coa-
ponent i in the rth reaction. :

The natural system can reach a steady state m
which the irreversible process continues while both
the aqueous concentrations and the molar quantios
of the metastable phases are maintained constant

In a closed sysiem this steady-state conditicn B
expressed by means of eq. (13) and (14)

Va.i Rz.i — Vs.i Rs.,' =0 66)
vaiRyi+ vsiRsi— vei Rei=0 an

vii Ry —

from which
i R — v Re; =0 {18
or .
dM, dM
a T:hl = v, Rei = ViR, (19

The steady state in an open system is expresse? by
means of eq. (2) N

Ri;i+ Rei— Ryy— Ry, = Vemy =0 (0

combln

Ryl —

w

§inct R,

Rsi = Ru.
jon has t

After subs
dM
d

mclastag

of the s
withar
tion an,
minera’
of the ¢

secongEF
and !
Frirz,
solids |
ible ¢/
prim:|
depe

Sy |
Xz
X2
K
&

»

5.

— ¥

—
=




Concentration control of alumina and silica in natural waters 1489

k'm combination with egs. (16) and (17)
Ridl = vid — Ry + v R
+ Ry — Ry;— Voem; = 0. (21)

S}nCC Ry; = Ry, for the reversible process and
R,; = Rui providing that the steady-state composi-
(io}l has been reached, eq. (21) has the form

ve.i Re.i — vi.i Ry — Vom; = 0. (22)

~ Afer substitution of egs. (12) and (15) into eq. (22)

. dM
T Vom,; — ﬁc—i‘tﬂ = Vom; + v ;Ry;  (23)

.md

dM
dt
This formal treatment of the irreversible process

dM
P = Yom; — —d-t—i = Vom; — vg;Rei.  (24)

leads to several conclusions. First, the formation of
" a thermodynamically stable phase does not necess-
- arily control the concentration of a dissolved com-

Y

"~ ponent in natural water through a chemical equilib-

~ tium. The controlling mechanisms may be the hydro-
- dynamic steady state (eq. 2), the chemical steady-state
- {eq. 4) and a chemical equilibrium with a reversible
~ metastable solid (egs. 8, 9, 10, 11). Second, the control

“of the solution composition by a reversible reaction
_with a metastable phase does not preclude the forma-

tion and existence of irreversible metastable or stable
mineral phases in the system. Third, the formation

-~ of the secondary solids can proceed independently of

the equilibrium composition of the solution. Conse-
Quently, it cannot be assumed a priori that the evolu-
lion of the chemical composition of a natural solution

. €an be calculated from the data on primary and

secondary solids using the stoichiometry of reactions
ind their equilibrium constants (HELGESON 1968;
Friz, 1975) unless it is proved that all the secondary
tolids behave reversibly and the rates of the irrevers-
ble dissolution are proportional to the masses of the
Primary solids. The evolution of the system is time
dependent and the composition of the solution
depends on the percolation velocity of water and the
fate constants of the irreversible reactions as well as

:>.n the equilibrium constants of the reversible reac-
lons,

The reliable data required to make the model
represented by Fig. 1 quantitative are scarce. This
paper is a partial contribution to the quantitative
problem and deals with the reversible metastable
solid which apparently controls the concentrations of
aluminum and silica in natural waters during their
irreversible evolution.

NATURE OF THE METASTABLE -+
ALUMINOSILICATE

Early experiments by MaTtrsonN (1928) and further
elaboration by Parks (1967) showed that the X-ray
amorphous aluminosilicates which precipitate from
aquéous solutions containing aluminum and silica
have a-peutral surface at given pH of the solution.
This pH is called the point of zero charge (PZC).
The PZC of pure hydrous alumina is at pH 9.2 and
the PZC of pure silica is at pH 1.8 (PARks, 1967).
The compositions of the aluminosilicate which preci-
pitated at various pH in the Mattson's experiments
varied roughly linearly between pure silica at pH 1.8
and pure hydrous alumina at pH 9.2. This led Pales
(1973) to an assumnption, that the reaction which con-
trols the concentration of silica and alumina in cold
waters is

[AOH); 1, -, [SiO, ],
+(3-30H" ‘—TA (1 — x)AP* + xH,SiO,

+ (3 - 5x)H,0. (25)

The straight line in a plot x vs pH between the end
points (x, pH) = (0, 9.2) and (1, 1.8) correlates reason-
ably well with Mattson’s experimental points (PARKS,
1967, Fig. 10), hence

x = 1.24 — 0.135 pH. (26)
The activity quotient of the reaction (25) is

(1-x)
__ Gap- @ 510,
. T —_ >
as aﬁ' 3x)

27)

assuming that a reversible equilibrium is maintained
between the solution and the aluminosilicate,
0.. = K,,,, where K, is the equilibrium constant of
reaction (25).

aas

Table 4. Regression lines and correlation coefficients between pH of solutions and logarithms of the activity quotient
of reaction {25): log Q.. = a + b pH

\
bata ge -
’ t ; n r a b log Qas
pH=1.8  pH=9.2
[I’:Ehetic soluticnst 2 56 0.997 -6.251 1.671 ~3.24 9.13
‘tu?l waters from granitic,rocks 37 0.957 -3.268 1.203 -1.10 7.80
“urai waters from granites 23 0.946 -9.117 2.058 ~5.41 9.82
°1utz waters from gngisses 23 0.936 ~-4.070 1.343 ~1.65 8.29
s on‘s of feldspars 13 0.880 ~10.400 2.473 -5.95 12.35
ihe Amp les 152 0.984 -5.891 1.588 -3.03 8.72
3F plot between the solubility products -5.7 1.68 ~2.7 9.7

¥Orphous alumina and silica

—

Hey o al, 1973; 2Fetu er al, 1964; *FouiLLAC et al, 1976; *PaCEs et al, in prep.; *BUsENBERG and CLEMENCY,

» BUSENBERG, wrilten communication.
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EQUILIBRIUM CONSTANT OF THE
DISSOLUTION OF THE METASTABLE
ALUMINOSILICATE

If the amorphous aluminosilicate were an ideal
solid solution of amorphous silica and alumina, the
equilibrium constant would be a combination of
solubility products of silica (K, = ay g0, = 10727,
KRAUSKOPE, 1956) and alumina (K, = asp. aj. =
10%7, SiLLEN, 1964) with the solubility product of the
aluminosilicate [eq. (27)]. At equilibrium

(1 -x)
G af{‘s;o.

=K =
Q:h aas ag‘._:;x)
—_ K:rKgl —-x} _ 109.7-!2.4:\" (28)
Substituting eq. (26) into eq. (28)
Ku“ — 10~5.7 + 1.68 pH' (29)

Six sets of experimental laboratory and field data on
total aqueous aluminum, silica, pH, ionic strength
and temperature were selected to calculate the values
of Q,. given by eq. (27). They include 36 acid and
20 basic synthetic solutions of silica and aluminum
aged from a few months to longer than four years
(HEM et al., 1973, Tables 3, 4), 37 filtered natural
waters from granitic rocks in the Sierra Nevada, USA
(FETH et al.,, 1964, Table 1), 23 filtered natural waters
from the granitic rocks in the Truyera River Basin,
France (FouiLLAC et al, 1976), 23 filtered natural
waters from gneisses in the Trnavka River Basin,
Czechoslovakia (PACEs et al, in prep) and 13 final
solutions resulting from the dissolution of 9 feldspars
in various initial solutions (BUSENBERG and CrLE-
MENCY, 1976; BUSENBERG, 1976, written commmunica-
tion). The data are tabulated and entered into the
files of NAPS*. All the samples were filtered through
0.1 pum membrane (FETH et al. (1964) used a 0.45 ym
filter] prior to aluminum analysis and the pH of the
natural waters was measured in the field. The activity
of silica was assumed to be equal to its molarity. The
activity of APP* was calculated using the equations
in the Appendix. The calculated activities of AI** are
included in the NAPS Document.

The base 10 logarithms of the activity quotients,
log Q... calculated for all the data are plotted against
the pH of the solutions in Fig. 2. The regression lines
and correlation’ coeficients for the individual data
sets and for all data are given in Table 1. The values
of log Q,, for the PZC of the end members ie. for
pH 1.8 and 9.2 are included in Table 1. These values
should correspond to the activity products of silica
and alumina respectively under the conditions of the
individual sets of data.

The log Q,~pH lines for the sets of experimental
and field data deviate from the line connecting the

* See NAPS document No. 03295 for pages of supple-
mentary material. Order from ASIS/NAPS c/o Microfiche
Publications, P.O. Box 3513, Grand Central Station New
York, NY 10017, remitting S3.00 for microfiche or $5.00
for photocopies. Cheques to be made payable to "Micro-
fiche Publications™.
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Fig. 2. The linear correlation between pH and logarithy
of activity product a{3?-a}i si0./alis *™ in experiment ¥
solutions and natural water samples. 1, Aged synthetic soly. *
tions of alumina and silica (Hem er al., 1973); 2, subsurface
water from granitic rocks in Sierra Nevada, U.S.A. (Femy |
et al., 1964); 3, surface and subsurface water from gneisseg -
in the Bohemian Massif, Czechoslovakia (PACEs et al_ in
prep.): 4, subsurface and surface waters from granitic rocks :
of the Margaride Massif, France (FOUILLAC et al, 1976); -
5, final solutions resulting from the experimental dissoly-
tion of feldspars (BUSENBERG and CLEMENCY, 1976; Busex-
BERG, written communication); 6, regression line for all the
data points; 7, linear plot between the solubility products
of amorphous alumina and silica at the pH values of ther
points of zero charge: 8, linear plot between the solubility 4
products of microcristalline gibbsite and amorphous silia
at the pH values of their points of zero charge (PZC of

microcristalline gibbsite is at pH 11, SMITH, 1969),
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solubility product of amorphous silica (107%7) and
alumina (10°7). This deviation may be explained by
a hypothesis that the aluminum atoms after random
precipitation assume coordinated positions during
aging while silicon atoms maintain their random dis-
tribution (PaCEs, 1973). Therefore, the solubility of
the alumina end member in the aluminosilicate cag
vary while the solubility of the silica end membet
should remain similar to those of amorphous silict
The present results indicate that the so]ubilir!
product of alumina decreases from theoretical 10*
down to 10%3 in aged synthetic solutions, 108-2° ané
107-8% in natural waters but increases in the solutioms
resulting from the feldspars. The decrease may
caused by the incomplete octahedral and/or tetr¥
hedral arrangements of aluminum observed witt
X-ray fluorescence spectroscopy by Hexyi and WaDs
(1976) in natural allophane and by Hem er al (197;“
in electron micrographs of aged laboratory precift
tates.

The solubility product of the silica end memb&
increases in two data sets from the theoretical valt
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2 ¥ T T T T T T . ) .
] The experimental and field data on total dissolved
o V. . aluminum were recalculated in the form of the total
: 20 active aluminum and are plotted in Fig. 3. The
4 - or 3 ¥ major feature of the model is the minimum solubility

which shifts slightly with the increasing concen-
trations of silica from pH 6.35 at 10mg.1"} SiO, to
i pH 6.1 at 100mg.1"' SiO,. The experimental and
" field data are in majority higher than predicted by
1 the model. This is caused by the independent assump-
tion on the compagsition of the reversible aluminosili-
cate expressed by eq. (26). If the PZC of the alumina
in the solid solution is higher than 9.2 the solubility
curves will shift to lower total active aluminum. The
J higher PZC (~ 11 pH) was measured on microcrystal-
line gibbsite (Smith, 1969).

. ]  DEPARTURES FROM EQUILIBRIA WITH
] VARIOUS Al, Si MINERALS
1 1 1 1
O 7 3 4 5 6 7 8§ 9 10 AND SOLIDS
10 pH

o . . If the suggested reversible aluminosilicate controls
Fig. 3. The equilibrium sum of the activities of aluminum

. . L . S e concentrations of alumi ilica i
garithm | aqueous species with respect to the reversible aluminosili- the conc ons of aluminum ?nd Slhc‘:i n nat}Jral
imental { ale whose composition is determined by eq. (26) and its waters then the waters should be in chemical equilib-

tic solu- E’wlubility product by eq. (30). The symbols are the same rium with the solid. However, they may depart from
bsurface L 1 given in Fig. 2. I Represents mean pH and standard  gquilibrium with other solids or minerals. This can
\. (FETH 4 deviation for samples with aluminum concentrations below

- : P be tested by comparing the di ilibrium indi
gneisses ¢ snalytical sensitivity. The theoretical equilibrium curves for Y paring the disequilibrium indices

t al. in { silica concentrations of 10, 50, 100 and 1000 mgl™! are =1 0,

ic rocks calculated using egs. (31) and (32). p— 108 K,

i 1976)- down t - 5.95 . . . .

- o 10 . The increas the product is diffi- - . .

dissolu- Inerease P for the solubility products of various solid phases p.

. BUSEN- cult to explain but is probably caused by the scatter
¢ all the F ol the data which affect the regression lines. The de-
producls ¢ Cfease may be due to both the nonideal behavior of
 of ‘!’?‘f the solid and to substitution of iron for silica
;)c:]lsu t;l]l:g MCKYES et al., 1974). In spite of all these uncertain-
(pzC o} Ues, the experimental and field data indicate that the
969). toncentration of silica and aluminum in natural
"?‘“5 may be controlled by a chemical equilibrium
*ith a nonideal solid solution called here reversible
sined b} . Yuminosilicate. Its mean solubility product given by
fa“domL the regression line for all the samples is

An aqueous solution is supersaturated with p if
I, > 0, it is unsaturated if I, < 0 and it is in chemical
equilibrium if I, = 0. ’

The solids which may control the aluminum and
silica concentrations in natural waters, the ex-
pressions for their activity quotients and their equilib-
rium constants are given in table 2.

The arithmetic means of the disequilibrium indices
for all the data sets are summarized in Table 3. The
variation of the indices is expressed by their standard

2.7)' and

o durint} o 5894 1.59 oH deviations in Table 4.
1om di¥ Tﬁ'xs solubili K. = 1.0 ' U ab (3%) By studying Tables 3 and 4 it is obvious that all
bility ¢ 3 ity product, however, should be expecte or the majority of the solutions are unsaturated with

Y change during aging and by the content of

cate ¢ L Enpurities, amorphous AI(OH);, microcrystalline gibbsite, amor-

memb A solubili . . N phous  SiO, a‘nd amorphous  aluminosilicate
us silic® Ftalc in (\:_rrlxilsty !fjtlﬁgrtar? IOf t{}}e re]vers‘lb]e a(l:mmosxli [AXOH)3)1_x [SiO,], The solutions are super-
olubiitt &y 4 o o the total active aluminum tairouh = gaturated with gibbsite and kaolinite so that their pre-
cal 10° | 371 Aoy + aoms) vs PH is presented in Fig. cipitation is probable and will be irreversible. Some

2. o7 10, 50, 100 and 1000 mg1™! of dissolved SiO,.

8.29 gt . .
e ;; SOiubxlny curves were calculated employing egs.

solutions are supersaturated and others are saturated

solutio”f & 27 and e St or unsaturated with halloysite which was identified
may FEQ. = K a;h, (39)ldfor the equilibrium  condition by HeMm et al. (1973) in the secondary product during
( 3 Tas- IS yields .

or 18k - 5.891 1.24
ed W 2.308 — - — 041 pH — — — 0.138 log ay sio,

4 W' _ pH pH 31)
' : logas;se = . (

1 (9 024
BA 0.135 — —

pre(:‘;Y g 5!' _ pH

f%m:t.a] active aluminum is calculated using the con-
Y i . ..

merﬂ;’; - ! the Appendix the aging of their synthetic solutions. The disequili-
cal v2

%y = ay, (I N 107976 10_22‘°7> G brium indices for the postulated reversible alumino-

+ o L
r b silicate, I, are close to zero in majority of data sets.

o
data af- ay-

ras




T

'

4
L3

-
-4

’f;
1
'

TN 00 Dic

nad
CIhisn

1492 . TOMAS Pales

Table 2. Activity quotients, Q. and equilibrium constants, K, for 25°C for minerals and solids which may o,

the concentrations of Al and Si in natural waters

Solid Symbol Activity quotient Equilibrium Source
for Q constant
P p K_ /250C/
P
aa3* 9.7 ’
Amorphous Al/oﬂ/3 aa 3 1o Sillén, 1964
a4
H 9.36 YA
Microcrystalline gibbsite mg ditto 107 Hem and RObetson h;
; : 8.22
Gibbsite ] ditto 10 Smith, 1971
Amorphous silica s 102'7 Krauskopf, 1956
H,5i0, P15
2 2 '
a3t ay 510, 11.28
Halloysite h 3 10770 Hem et al., 1973
a +
R Kiw
P . 6.74
Kaolinite k ditto 10 Robie and waldbdta,
, 1968
. e /l§§/ X
A:u;;g:?us /1dealgiglum05111cate aas a1 H45104 10-5.7+1.68pﬂ paes, 1973
3 /1-x/ 2 /x/ a/3—3x/
gt
X
X = 1.24~0.135pH
Reversible /nonideal/ alumosilicate ras ditto 10"5'894”'SSPH this paper
RL/OB/y  ,\_ ., S10, ., ’
—

Table 3. Mean values of the disequilibrium_indices with respect to the solids in Table 2

I ———
Data set (r;?mber Taa . Img ?g Is Ih Ik . I.'5.35 In,
samples amor- micro- gib- amor- hal- . lfaolln—- amor- rever=
phous crystal- bsite phous loysite ite phous sible

alumina line silica alumino- alumise

gibbsite silicate siliem
Acid synthetic smlu(:ions1 36 -0.98 ~0.62 0.50 -0.42 -0.06 4.48 ~0.59 0.01
Basic synthetic solutions 20 -0.51 -0.17 ©.97 -0.89 0.04 4.58 ~0.61 0.32
Waters from Sierra Nevada 3 37 -0.91 -0.57 0.57 -0.76 -0.61 3.83 -0.95 -0.10
Waters from Truyere River Basin 23 ~0.92 -0.58 0.56 ~-1.21 -1.52 3.02 -1.04 -0.27
Waters from Trndvka River Basin 23 -0.58 -0.24 0.90 -0.77 .01 4.55 -0.68 0.13 -
Solutions of feldspars 13 -0.58 -0.24 0.90 -0.67 0.23 4.77 -0.63 0.03

"HEeM et al., 1973; 2FeTH et al., 1973; 3FOUILLAC ef al, 1976; *PACEs er al., in prep.; SBUSENBERG and CLEMENCY, 172

The near zero values of I, are not an independent
proof of the existence of the solid because they are
predetermined by the fact that the equilibrium solu-
bility product 1s pH dependent and was fitted to the
selected data. On the other hand, the smallest scatter
of I,,. together with its near-zero values is a more
significant support for the reversible control. A direct
indication that an amorphous solid precipitates very
fast in such systems are the high resolution micro-
graphs presented by JONES and VEHARA (1973). The
micrographs show that such a solid exhibits a coat-of-
paint effect on the crystalline aluminosilicate surfaces.
BUSENBERG (written communication, 1977) found ex-
perimental evidence that the reversible aluminosili-

Table 4. Standard deviations of the disequilibrium indices from the mean values
in Table 3

cate controls aluminum and silica at higher conx
trations of silica while halloysite and microcrystalke
gibbsite control aluminum concentration at los t
moderate concentration of silica.

CONCLUSION

This paper does not offer a definitive proof ¥
the aluminosilicate of variable composition does exX
" Nevertheless, the hypothetical solid which interss
with water according to reaction (27), whose comp®
tion is pH dependent according to eq. (26) and wb¥
activity product is given by eq. (30) has the best &
dictive power for the behavior of silica and aluz*
in natural waters within the framework of the m3

bata set

aa

I

mg’Ig s h'

Acid synthetic solutions

Basic synthetic solutions
Waters from Sierra Nevada
Waters from Treyere River Basin
Waters from Trndvka River Basin
Solutions of feldspars

0.50 0.32 0.98 0.13 0.13
0.43 0.33 1.10 0.37 0.37
0.62 0.16 1.19 0.49 0.43
0.31 0.12 0.60 0.19 0.20
0.64 0.10 1.38 0. 45 0. 44
0.39 0.49 1.18 0.31 0.32
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APPENDIX

THE EQUATIONs for the solubility calculation:

Apps e dajoH2* AaAO0H)] A A OH)T
mA‘(TOlaI) — Al + AIOH + AHOH), + ! ).
Y3 Y2 71 - M
aav:  _ jps00 HeM et al. (1973)
7
AajoH2- Ay~
aap+ = 10°7¢ Hem et al. (1973)
3
Aayomy; AH-
pp3+ — 102207 HewM et al. (1973)

VNP ah- ;
1
logy, = ~ Az’(l ;/\/1 - 0.3 1)

where a; is activity of species i, myyro,, 1S total molarity
of aluminum in solution, y, is the activity coefficient, z
is the absolute value of the ionic charge, I is ionic strength,
A = 04883 + 7.38 x 107% + 2.723 x 107¢ (? where t is
temperature in °C. ’




