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Wollastonite from Susan and Its Dissolution Behaviors
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ABSTRACT : Wollastonite from Susan occurs as intercalations in limestone beds of Lower
Paleozoic Joseon Supergroup. It is a thermal metamorphic product of impure limestone. Electron
microprobe analysis shows that it is considerably pure wollastonite. It has triclinic cell with a=
7932A.b=7.328A,c=7.069A, ¢=89.995", #=95.255°, and r=103.367".

Dissolution behaviors of wollastonite have been studied conducting three different dissolution
experiments ; two different reactions with HCI (one batch and one re-initialization experiment)
and one reaction with distilied water. In the batch type powder wollastonite-HCI reaction, pH of
the solution rapidly increases in the early stage and then its rate of increase slows down to
reach plateau resulting in parabolic relationship with time. It is represented by the early rapid
rise and fall in pH giving a sharp pH-edge and succeeding slow rise in the re-initialization ex-
periment. The early rapid rise in pH is due to the rapid sorption of H™ in solution to oxygens on
the reactive surface of wollastonite and the fall in pH means that all reactive surface sites are
occupied by H' ions and no more H' adsorption occurs. The siow rise in pH following the pH-
edge is due to the dissolution of wollastonite as evidenced by the correlation of pH variation and
cation concentration. Dissolution of powder wollastonite in HCI shows linear trend with time. Si
is dissolved predominantly over Ca at a constant rate. Ca is dissolved predominantly in the very
early stage. Dissolution rate of coarse-grained wollastonite fragments in distilled water is para-
bolic with time showing a rapid reaction in the early stage and a slow reaction in the advanced
stage. The Ca/Si ratio in solution is high in the case of coarse-grained wollastonite fragment as
compared with powder wollastonite. The coarse-grained wollastonite fragment-water (acid) re-
action resulted in the solution with an elevated constant pH value (alkaline) giving an impor-
tant significance on the environmental view point.
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INTRODUCTION wollastonite intercalations are not continuously

Wollastonite is a common constituent mineral
of thermally metamorphosed impure limestone.
In most of its occurrence, it is the result of the re-
action CaCO; + SiQ. — CaSiO; + CO. (Gold-
schmidt, 1912). Physicochemical environment of
the formation of wollastonite has been studied by
Goldschmidt (1912), Danielsson (1950), Eilis and
Fife (1956) and Harker and Tuttle (1956). Harker
and Tuttle (1956) show that in certain circum-
stances the CO. pressure may be effectively re-
duced, either by a dilution by some volatile com-
ponent or by the escape of CO; through fissures.
They also show that wollastonite may form at
somewhat lower temperatures than those indicat-
ed and that at atmospheric pressure the reaction
takes place at or slightly below 400C.

The present work aims to characterize the
mineralogical properties of wollastonite and to
study its dissolution behaviors by HCI and water.
Wollastonite-water reaction has been studied to
know the possibility of its use as a neutralizer of
the acid deposition. Wollastonite occurrence is
found about 500m NE from Sucheonggeori, Susan
-myeon, Jecheon-gun, Chungcheongbug-do.

OCCURRENCE

Geology of the wollastonite occurrence in this
study consists of limestone and dolostone of
Lower Paleozoic Joseon Supergroup and the Ju-
rassic granite intrusion. Wollastonite occurs as
thin or thick intercalations in the gray limestone
beds showing roughly concordant but partly dis-
cordant relation to the bedding of wall rocks. The

developed. This wollastonite locality is about
500m apart on the surface from the granite intru-
sion. Therefore the formation of wollastonite may
be related to the intrusion of granite.

The thickness of wollastonite intercalations
varies from several ten centimeters to a few me-
ters. The contact between limestone and wollas-
tonite intercalation is considerably sharp in the
field. However, the rosette-shaped wollastonite is
often found in limestone near the wollastonite in-
tercalations.

Under the microscope, wollastonite shows
elongated or acicular aggregates in association
with calcite (Fig. 1). The size of wollastonite crys-
tals are 5-15 mm in length. Small amounts of di-
opside, vesuvianite and sphene are associated
with wollastonite.

MATERIALS

Wollastonite is closely associated with calcite.
Therefore it is very hard to get pure wollastonite
sample. In order to prepare pure sample for disso-
lution experiment, first of all, the wollastonite-
rich part was crushed to powder and sieved using
230 mesh sieve. The powder has been then
leached with 6N HCI three times to remove the
calcite impurity and then rinsed with distilled
water for eight times in the centrifuge at 3000rpm.
The electrical conductivity of finally rinsed water
was 3.2/mho/cm. It is expected that the reactive
sites of particles and ultrafines are dissolved by
such an acid treatment.

Electron microprobe analyses (Table 1) show
that the wollastonite sample used for this study is



Wollastonite from Susan and Its Dissolution Behaviors

Fig. 1. Photomicrograph of wollastonite from
Susan. A:Fibrous wollastonite aggregates. B: Wollas-

tonite fibers in crystalline limestone.

considerably pure except a few samples contain-
ing about 0.25% FeO. X-ray diffraction analysis
shows that wollastonite from Susan has triclinic
cell with a=7932 A, b=7328 A, c=7.069 A, a=
89.995°, 3=95.255",and 7=103.367".

EXPERIMENTAL

Occurrence and mineral association of wollas-
tonite have been studied both in the field and in
the laboratory. Identification was made using
Rigaku Geigerflex X-ray diffractometer. Mineral
association was studied under the polarizing mi-
croscope.

Dissolution behavior of wollastonite was stud-
ied in three different modes of dissolution experi-
ment;two different dissolution experiments with
HC1 (one batch type and one “re-initialization
method). Re-initialization method is a kind of re-
action method used in studying mineral-water re-
action, in which mineral sample is reacted with

aqueous solution and after certain time, the min-

Table 1. Table 1. Electron microprobe analyses of
wollastonite.

wi742  wiS19  wi817  wis23
SiO; 5036 5060  S060 5072
TiO, 003 000 000 006
ALO; 003 007 002 003
Cr0O; 002 007 003 003
FeO 006 0.25 002 010
MnO 011 007 009 0.10
MgO 003 007 001 006
CaO 4884 4904 4904 4930
NaO 003 000 000 000
KO 004 004 003 004
Total 9954 10002 9987 10040
w1829 wl841 wl919 w201
SO, 5102 5067 5081 51.04
TiO, 006 002 004 001
ALO, 002 003 001 003
Cro, 005 011 000 000
FeO 007 0.12 010 006
MnO 005 0.13 o011 008
MgO 000 015 002 001
CaO 4921 4961 4943 4893
NaO 000 000 001 000
KO 006 003 002 004
" Total 10053 10077 10055 10020

eral sample is filtered and dried and used for fur-
ther reaction with solutions of the same (or differ-
ent) compositions again. This procedure is repeat-
ed again and again. This method aims to detect
the changes in solid phase, especially in surfaces,
between the two neighboring experimental steps
by analyzng the solutions reacted with mineral.
In this method solution composition can be main-
tained constant, and smaller amount of solid sam-
ple is needed than in the batch type experiment.
The pH 4 HCI and distilled water were firstly
equilibrated with carbon dioxide in the air and
then reacted with wollastonite. The variations of
pH as well as the concentration of dissolved cati-
ons were periodically measured to know the
process of interaction of wollastonite with HCI or
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distilled water. The reacted solutions were filtered
with a membrane filter of 0.2um pore size and
then measured for pH using an Orion EA 940 pH-
meter and for cations using the inductively cou-
pled plasma-atomic emission spectrometer (ICP-
AES). The solid materials were dried and then X~
rayed for identification. X-ray analysis was need-
ed to check the phase of solid materials during or
after the procedures. Dissolution experiments
with HCI were done at ordinary environment. 1.
25grams of pure wollastonite powders (<62 um)
were reacted with 125 grams of pH 4 HCl at 25 C
in the reaction bottle (by batch type) by continu-
ous shaking water bath (Run 1), or by continuous
shaking for ten minutes employing the re-
initialization method (Run 2). In Run 2, the solid
sample firstly reacted with pH 4 HCI at 20 C for
ten minutes was filtered and then reacted again
with pH 4 HCI for 10 minutes repeatedly. In an-
other one experiment, coarse—grained wollaston-
ite fragments were reacted for one hour with 125
gram of distilled water which was equilibrated
with atmospheric carbon dioxide by employing
the re-initialization method (Run 3). The solu-
tions after reaction were analyzed for pH and cat-
ion concentrations in the same way as above.

RESULTS

pH variation

In Run 1 in which wollastonite powder was re-
acted with pH 4 HCI solution equilibrated with
atmospheric carbon dioxide, pH shows rapid rise
from 4.0 to 6.5 in 2.5 hours but after this slow rise
reaching pH 7.6 in 120 hours (Fig. 2).

In Run 2 in which wollastonite powder was re-
acted with pH 4 HCl solution for 10 minutes and
then repeating the same procedure again and
again, pH of solution showed very rapid rise from
4 to 5.5 in 10 minutes, then rapid fall in another
10 minutes and then to 4.15 in 50 minutes (Fig, 3),
but after this point pH showed slow rise (Fig. 4).

In Run 3 in which coarse-grained wollastonite
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Fig. 2. pH variations in the reaction of powder wol-
lastonite with pH 4 HCl in batch experiment (Run 1).
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Fig. 3. pH variations in the reaction of powder
wollastonite with pH 4 HCl employing the re-

initialization method (Run 2).
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Fig. 4. pH variation of powder wollastonite with
pH 4 HCl employing the re-initialization method (Run
2). Fig. 3 corresponds to the reaction of beginning stage
of this figure.

fragments were reacted with distilled water em-
ploying the re-initialization method, pH of solu-
tion showed slow rise from 569 to 86 in two
hours, and then nearly the same pH value (Fig. 5).
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Fig. 5. pH variations in the reaction of coarse-

grained wollastonite fragment with distilled water em-

ploying the re-initialization method (Run 3).

Cation Concentration

Concentrations of cations (Si and Ca) dis-
solved from wollastonite were measured for each
run of reaction experiments. The Si and Ca con-
centrations in Run | are cumulative values
throughout the experiment, whereas they are val-
ues for each 10 minutes and 1 hour reaction in
Runs 2 and 3. Therefore direct comparison of
curves is meaningless.

Fig. 6 shows that in Run [ Si concentration in-
creases very rapidly with time showing linear re-
lationship up to 100 hours and then increases
slowly showing a plateau of the curve. But Ca
concentration reaches 3 ppm rapidly in the begin-
ning of reaction and then remains nearly constant.
It is remarkable that Ca concentration is not vari-
able in contrast to the rapidly increasing concen-
tration of Si in this dissolution experiment. Fig. 7
shows that Si concentration increases up to
18 ppm in 10 minutes in the experiment employ-
ing the re-initialization method, whereas Ca con-
centration is only 1 ppm in 10 minutes and then
remains nearly constant. It suggests that the dis-
solving rates of Si and Ca be constant in every
step of reaction. Fig. 8 shows the Si and Ca con-
centrations with time in Run 3 in which coarse-
grained wollastonite fragments are reacted with
distilled water employing the re-initialization
method. This figure shows that Si and Ca concen-
trations in one hour’s reaction are variable : high
in the beginning and low in the later reaction. Si
concentration was 2.2ppm in the first one hour
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Fig. 6. Variation of Si and Ca concentration in the

reaction of powder wollastonite with pH 4 HCl in the
batch experiment (Run 1).
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Fig. 7. Variation of Si and Ca concentration in the
reaction of powder wollastonite with pH 4 HC! em-
ploying the re-initialization method (Run 2).
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Fig. 8. Variation of Si and Ca concentration in the
reaction of coarse-grained wollastonite fragment with

distilled water (Run 3).

and 2.3 ppm in another one hour, but it decreased
gradually to 1.5ppm in S hours. But Ca concen-
tration was 0.8ppm in the first one hour and
afterward it fluctuated around 0.3 ppm. This sug-
gested that in the reaction employing the re-
initialization method, dissolution of wollastonite
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in distilled water in the case of coarse—grained
fragments is fast in the beginning and slow in the
late reaction.

DISCUSSION AND CONCLUSIONS

Wollastonite-HCI reaction in the batch type
experiment shows a rapid rise in the very early
stage and then slow rise in pH resulting a linear
curve in the long periodic measurement (Fig. 2).
However short periodic measurement of pH in
the experiment employing the re-initialization
method shows a rapid rise and a rapid fall in pH
in the early stage showing a sharp pH-edges (Fig.
3),and then slow rise in pH showing a linear rela-
tion with time (Fig. 4). The early rapid rise is too
fast to be the result of the dissolution of wollas-
tonite. Correlation of pH variation and cation
concentration of solution suggests such a conclu-
sion. It might be due to the rapid sorption of H
to oxygens at the reactive surface sites. The de-
crease of pH, following the early rise, to the initial
solution pH, means that almost all available sur-
face sites are occupied by H™ and no more sorp-
tion of H™ occurs. This variation pattern matches
well with the parabolic pattern in the batch type
experiment. Therefore, the re-initialization meth-
od is superior to the batch type experiment in
interpretating the pH variation patterns.

It is significant to mention that Si and Ca are
dissolved from wollastonite at different rate;Si at
a high rate but Ca at a very low rate (Figs. 6, 7
and 8). However, Ca is dissolved at a high rate in
the beginning but at a very low rate in the
afterward reaction. The cause of the differential
dissolution needs further more study. It might be
partly due to the removal of Ca from wollastonite
during the dissolution of calcite by acid treat-
ment. Coarse—grained wollastonite-distilled water

reaction shows a parabolic dissolution curve in
contrast to the linear curve in powder wollaston-
ite-HCl reaction (Fig, 6).

The Ca/Si ratio in solution is high in the case
of coarse—grained wollastonite, compared with
powder wollastonite. It might be due to the small-
er specific surface area in the coarse-grained
sample compared with powder samples. Coarse-
grained wollastonite-water reaction resulted in
the solution with an elevated constant pH value
of 86 after 2 hour’s reaction with distilled water
of pH 5.7 (Fig. 5). This is an important result be-
cause it can be used to neutralize the acid deposi-
tion.
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