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The kinetics of silica-water reactions
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Abstract- - A differential rate equation for silica—water reactions from 0-300°C has been derived based on
stoichiometry and activities of the reactants in the reaction

SiO,(s) + 2H,0(l) = H,SiO4(aq)
(Can sio/ e = (A,'/M)(?’uqsaoﬂ(k+d5iozarzizo — k_ayi0,)

where (4;M) = (the relative interfacial area between the solid and aqueous phases/the relative mass of
water in the system), and k, and k_ are the rate constants for, respectively, dissolution and precipi-
tation. The rate constant for precipitation of all silica phases is

logk_ = —0.707 — 2598/ T (T. K)

and E,, for this reaction is 49.8 kJ mol~'. Corresponding equilibrium constants for this reaction with
quartz, cristobalite. or amorphous silica were expressed as log K = a + bT + ¢/T. Using K = k, /k_,
k. was expressed as logk, = a + bT + ¢/T and a corresponding activation energy calculated:

a b C E,(kJmol™?)
Quartz 1.174 —2.028 x 1073 —4158 67.4-76.6
z-Cristobalite —-0.739 0 —3586 68.7
p-Cristobalite —0.936 0 —3392 65.0
Amorphous silica  —0.369 —7.890 x 107% —3438 60.9-64.9

Upon cooling a silica-saturated solution below the equilibrium temperature, the decreasing solubility
of silica causes increasing super saturation, which tends to raise the precipitation rate, but the rate
constants rapidly decrease, which tends to lower the precipitation rate. These competing effects cause a
maximum rate of precipitation 25-50°C below the saturation temperature. At temperatures below that
of the maximum rate, silica is often quenched into solution by very slow reaction rates. Consequently,
the quartz geothermometer will give the most accurate results if samples are taken from the hottest,

highest flow rate. thermal springs which occur above highly fractured areas.

NOMENCLATURE

activity coefficient of i

Planck’s constant (6.63 x 107 3% J sec)

A interfacial area (m?) k Boltsman’s constant (1.38 x 10723 Jmol™' K1)
A frequency factor in Arrhenius equation ky dissolution rate constant (sec” ')
A relative interfacial area (= A/A” where A = 1m?) k., apparent dissolution rate constant (sec ')
A, specific surface area (m? gm™") k_ precipitation rate constant (sec” ')
E.o activation energy (kJ mol ™) . apparent precipitation rate constant (sec”™ ')
AG?  free cnergy of formation (kJ mol™!) 1 liquid
AG, free cnergy of reaction (kJ mol™!) m concentration of i (molal)
AG* free energy of activation (kJ mol™1) n amount of i (moles)
K equilibrium constant qtz quartz
K* equilibrium constant for the formation of the acti- r radius (m)

vated complex r; net rate of change of g; with time (sec™ ')
K’ equilibrium constant for the formation of the acti- net rate of change of m; with time (msec™ ')

vated complex with a degree of translational free-  ry. rate of change of thickness of a layer of material

dom removed on a surface (msec™!')
M mass of water in the system (kg) s solid
M relative mass of water in the system (=M/M° ¢ time (sec)

where MY = | kg) t time constant (sec)
P pressure (bars)
Q activity product
R gas constant (8.318 Jmol "' K1) INTRODUCTION

2 r . aty = /

'Sr ?Liir;;:tfus;:tjlr(d)non( Q/K) THis STUDY was undertaken to develop a basis for
v volume (m?) reaction kinetics that is consistent with the thermo-
v molar volume of i (m* mol™ ') dynamic approach commonly used in geochemistry.
Vo specific "(?'_“mc of water (cm® gm ™) Thermodynamics is a powerful tool for elucidating
:q :;:zgl\lso‘ ! geological phenomena where equilibrium is normally
am sil  amorphous silica attained; however, many geological processes are con-
crist  cristobalite trolled by reaction rates so that they can only be
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