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Anions, such as CO3~ and SO ions, in industrial wastewater can cause serious scale
problem in drainage pipes and vessels, when combined with other metal ions in the water.
In this study, it was attempted to remove CO%‘ ions from an aqueous solution by using
surface active glasses. Glasses with various compositions of Si0,-Na,0-B,03-RO (R= Mg,
Ca, Sr, Ba) system were reacted in a CO§‘ ion-containing solution with various pH, then the
glass surfaces were analyzed by XRD and SEM, and CO%‘ ions in the reacted solution were
also measured. CO%‘ ions in the solution were combined with alkaline earth metal ions,
which were leached out of the glass, and were precipitated on the glass surface as
carbonate crystals. In this way, the carbonate ions could be removed from the solution. The
removal capacity of CO%‘ ions is closely related to the surface reactivity of the glass and
solubility product constants of the newly formed carbonate crystals. Glass containing either
SrO or BaO showed a strong uptake capacity of CO%‘ ions from the solution.
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1. Introduction a solution and forming certain crystals on its surface.
Certain ions, such as 30 and CC%‘ ions, found in  Hydroxyapatite crystal tends to precipitate on a bioac-
wastewater can be deposited as sulfate or carbonatye glass when it is reacted in a simulated body fluid
minerals in a transporting pipe. These scales produce[&]. This hydroxyapatite is responsible for bonding be-
major obstacle to the reuse of wastewater because théyeen this implant and living tissue when the bioactive
have a tendency to cling to the inner surface of the pipeglass is implanted into a body [6]. Some surface active
and vessels. Scale problems also occur in various prajlasses with special compositions can attraétRtins
cesses and systems such as heat transfer, desalinatioem a solution and form P¥ ion containing phos-
plants, and transport of geothermal fluids [1]. Scale dephate crystal on their surfaces. The toxi¢Pion in a
posits impair productive reservoirs and foul both down-solution can be removed in this way [7].
hole and surface injection equipment, and shorten the In the present study, glasses with various compo-
operating life of an important installations [2, 3]. sitions of SiQ-Na0-B,03-RO (R= Mg, Ca, Sr, Ba)
Many efforts in recent years have been made in arsystem were reacted in a @Oion—containing solu-
attempt to prevent these scales. Some attempts to stdion with various pH ranging from 3 to 12.5 for various
the formation of deposits in pipes have been made bjength of time. The objectives for this study are (1) to
controlling thermodynamic factors such as temperafind the removal mechanism of @Oions in a solution
ture, pressure and solubility in a reservoir [2]. Someby surface active glass and (2) to find the optimum glass
efforts to remove metal ions such as Pb, Ca, Sr andomposition to uptake C@ions from a solution.
Ba ions, which were apt to form deposits, are made
by using chemically modified materials such as ion ex2. Experimental methods
change resin and biosorbent etc. [4]. Various treatmer2.1. Sample preparation
methods such as precipitation, adsorption, evaporatiorGlasses in this experiment contained less than 50% of
electrolysis and cementation methods also have beesilica, referred to as an invert glass, to improve the
employed to remove heavy metals from the industriakchemical reactivity of the glass in a solution. Four dif-
wastewater [1-3]. ferent alkaline earth metal oxides were added to the
Our laboratory has found that some types of surfacglass batch. They were MgO, CaO, SrO and BaO.
active glass has the property of attracting some ions ifTable | shows the glass compositions for this study.
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TABLE | Glass compositions for the present study molybdate by adding molybdate, and the silicomolyb-
date produces a blue color when adding metol-sulfite
and oxalic acid. The extinction at 810 nm was measured
RO-glass 45 14 16 25 by a UV-visible spectrometer (Shimadzu, UV-2401PC),
and the extinction was compared with a standard calib-
ration curve to calculate i ion concentration.

Composition name Sio Na,O B,O3 RO* (mol.%)

RO*; MgO, CaO, SrO, BaO.

100 g of glass batch was mixed and melted in a
Pt-crucible at the temperature ranging from 1000 03 Results and discussion

1400°C for 2 hours depending on the glass composi—3_1_ Precipitation of carbonate crystal

tions. The glass melt was poured into a graphite mold 'hen various RO glass specimens£®g, Ca, Sr, Ba)

make a bar, and the glass bar was annealed at a prop};/%re reacted in a CP ion-containing solution with
temperature before cutting and polishing. The size o arious pH ranging from 3 to 12.5 for 1 hour, carbon-

the ;c)jrepared Iglass disc évas >12%2 X.2.7 nmq Glassh te crystals were deposited on the glass surfaces. Their
plow ervxclias_aso p_t[etparit _ytphu ver|2|dng gﬂ?uen_c €Qurfaces were analyzed by a thin-film X-ray diffrac-
g'ass and sieving It to obtain the powder With varnousy, meter, and the results are presented in Fig. 1.

sizes of 63, 250, 500 and 84im. For MgO glass, no crystalline phase was observed
throughout the entire range of pH and only an X-ray

2.9 Reaction in a carbonate ion solution bump is shown, which indicates a typical amorphous
T.he.se prepared glass specimens were reacted withP{2S€- Itis thought that this is due to the inertness of the
CO3~ ion-containing solution in a polyethylene bottle gvasrs ggglgStrthEt! rleaCtIl??l%(])Ll\J/tlon-bForr\CIZaaO ?la:?, 20\_N-
for various periods of time. The ratio of surface area ofo Vel Lalgcrystalpea as observedatprirang

: . ng from 6 to 12.5. In both SrO and BaO glasses, well-
the sample to the volume of the reacting solution Waédeveloped crystalline phases of Sreand Baca,

set at 0.1 cm?, and the reacting temperature was kept espectively [10], were obtained within a wide range
at 37°C. The solution with carbonate ions was prepareJ P y ’ 9

: : C f pH. From these results, it can be stated that SrO
by dissolving NaCO; in distilled water. The pH range 0 ; ’ X =
of the solution varied from 3 to 12.5 by adding appro-and BaO glasses, which have better chemical reactivity

priate amounts of 50% HCI. After the glass sample wa: hoinathg?%g?r%ri?r?egslgﬁﬁ)sﬁ ?rme;ff:\:ﬁrl]yérri(ceg?%ﬁg \(/:vﬁlr
drawn out of the reaction solution, the glass specimen '

were treated with acetone for a few seconds to stop th eTSéhg\tlvanelre\I/t:rr.nicrostructure and moroholodv of car-
further reaction. phology

bonate crystals formed on glass surface, the glasses
were reacted in a solution with a pH of 6 for 1 hour, and

2.3. Analysis of the reacted surface examined by SEM and EDS. The results are shown in

The reacted glass surface was analyzed with a thinf19: 2-

film X-ray diffractometer (Philips PW3719 operated at For MgO glass, an amo_rphous cluster, which were
40 kV, 1.5 of incident beam angle, Cu target, scanShown as an X-ray diffraction bump, was observed on

speed: 0.08/sec§210-70) and scanning electron mi- the glass surface. Based on EDS results, the primary

croscope (Hitachi X-4200, 20 kV). The compositional composi.tion of this amorphous cluster is thought to be
profile of the surface and fracture surface of the glas&n2gnesium carbonate phase. A Cl peak was observed

was analvzed by an X-rav enerav dispersive (EDSYUe to the introduction of HCI, which was added for pH
equipped%n the %/EM. Y gy disp ( )(c::lontrol. The EDS result for CaO glass shows a strong

Si peak as well as strong Ca peaks. This indicates that

CaCQ; crystal was formed on the silica-rich layer, but
2.4. lon concentration measurement the crystal layer was thin enough for EDS to detect the
The CG~ ion concentration remained in the reactedSilica layer beneath CaGOFor SrO and BaO glasses,
solution after the glass treatment was measured by trfaoWever, quite thick layers of SrG@nd BaCQ@ crys-
acid-base titration method [8]. The carbonate ion carf@!S: respectively, covered the glass surfaces entirely.
be titrated as a base with a strong acid titrant, in whicHNO Silica peaks were observed under EDS examina-
case two fair breaks (pH 8.4, pH 5.4) are obtained. AlON- The alkaline earth metal ions easily leached out of
CO%™ ion-containing solution was titrated with 0.01 N SrO and BaO glasses due to the relatively weak bind-
HCI, and determined the volume of HCI used at pH of "9 of the divalent ions to glass network, which acts

8.3 (V1) and the volume at pH of 5.4/%). The amount @S @ network modifier [11]. Therefore, these glasses
of carbonate ions can be calculated as follows. have better chemical reactivity, and this promotes the

formation of the silica rich layer and deposition of the
The amount of carbonate ions carbonate crystals on it.
(V1 — V) x 0.01 x weight of CQ, Ag a result, it can.be stated that carbonate cry;tgls
= ! 2 9 precipitate more easily on the glass surfaces containing
Volume of CG™ ion containing solution SrO and BaO than on those containing MgO and CaO.
To examine the pH dependence of carbonate crys-
Si*t ions were measured by the molybdenum bluetal deposition, all glasses except MgO glass gwhich
method [9]. St ion in a solution turns into silico- has lower chemical reactivity), were reacted in a&5CO
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Figure 1 X-ray diffraction patterns of RO glass surface reacted in %C’@n—containing solution for 1 hr.

ion-containing solution with pHs of 3, 6 and 10, respec-tated on the glass surface as shown in Fig. 3, and the
tively, for 1 hour. Their surfaces were then examinedcrystal formation was also confirmed earlier by XRD.
by SEM, and shown in Fig. 3. A silica gel layer is ob-  In this way, CC§* ions can be removed from the so-
served on the surfaces of all glasses reacted in an acidiation by precipitating carbonate crystals on the surface
solution of pH 3. Small X-ray diffraction peaks of car- active glasses in a neutral range of pH.

bonate crystals were observed on SrO and BaO glasses,Fig. 4 shows the fracture surface of SrO glass, which
as discussed in Fig. 1. For all glasses, reacted with theas reacted in a C?p ion containing solution with a
solution of a pH over 6, carbonate crystals were precipipH of 10 for 1 hour. An EDS line profile shows the
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TABLE |l Solubility product constants of carbonate crystals

Carbonate crystal MgC§{  CaCQ SrcCQ; BaCQ;

Solubility product
constant Fx108 45x10° 93x1071% 50x10°°

glass structure, only 300 ppm of carbonate ions were
removed from the solution after 48 hours of reaction,
which originally contained 5000 ppm of @O. As
mentioned earlier, only a small amount of amorphous
magnesium carbonate phase was precipitated on MgO
glass surface at pH 6. CaO glass was able to remove
about 700 ppm of carbonate ions from the solution af-
ter 48 hours of reaction. Both SrO and BaO glasses
showed a strong uptake capacity of carbonate ions. SrO
and BaO glasses removed 1250 ppm and 900 ppm, re-
spectively, of carbonate ions after 48 hours of reaction.
This can be attributed to two causes. First, as discussed
earlier, the silica gel layer forms easily on SrO and BaO
glasses, from which 3t and B&* ions can be easily
leached out of glasses due to the weak binding of R-O
in glass structure [11]. This silica-rich layer acts as a
seed for the carbonate crystal deposition. Second, the
solubility product constants for SrG@nd BaCQ are
lower than those for MgC@®and CaCQ, as shown

in Table Il [12]. This low solubility also promotes the
crystal precipitation.

Si
Na

Mg

Pt Cl

3.3. Blockage of ions leaching
When surface active glasses are reacted in a solution, all
ionsin aglass can be leached out of a glass surface even
if their leaching rates are different.*iions which are
dissolved from the glasses do not participate in forming
any crystal, but remain in a solution. We measured this
Si** ion concentration to find out whether the newly
(c) SrO glass (d) BaO glass formed crystal layer blocks the further leaching of ions
from glasses. The $f ion concentration was measured
Figure.z SEM micrograp'hg and ED_S an!aysis of RO glass surfaces re4Dy using the molybdenum blue method with reaction
actedina C@ ion containing solution with pH 6 for 1 hr. time, and the result is shown in Fig. 6.

When considering their chemical durability of the
silica rich layer beneath SrGrystal. This indicates prepared four different glasses from their chemical
that carbonate crystals were deposited on the silica g&lompositions, the durability for MgO and CaO glasses
layer not on the original glass surface. The silica richare far higher than those for SrO and BaO glasses, there-
layer was formed by ion exchange betweef™Sbn  fore, it was expected that greater amounts of Si ions
in the glass and Hion in the solution. Consequently, would be dissolved in SrO and BaO glasses. However,
the silica rich layer is believed to be a gel layer with the actual results as shown in Fig. 6 are quite differ-
a silanol group. Carbonate crystal precipitated on thignt. The amounts of $i ions leached out of MgO
gel layer. No easy ion exchange was possible betweeand CaO glasses are even higher than those from SrO
Mg?* in MgO glass and H ions, and, therefore, no and BaO glasses. This result suggests that the newly
easy formation of silica gel layer was found in the MgO formed SrCQ and BaCQ crystals blocked the leach-
glass. This explains why no carbonate crystal formationng of Si ion from the glasses. In the case of CaO glass,
was observed in the MgO glass. the thickness of CaC{Xrystal was too thin to prevent
from Si-ion leaching effectively, and no blocking layer
was formed on the MgO glass surface.

O Na Pt

3.2. Uptake of carbonate ions

After the prepared glasses were reacted in a carbon-

ate ions-containing solution with a pH of 6 for various 3.4. Uptake of CO§* ions by using

hours, the concentration of carbonate ions remaining glass powders

in a solution was analyzed by the acid-base titratioriThe uptake capacity of carbonate ions from the solution

method, and the result is presented in Fig. 5. can be improved by increasing the surface area of
For MgO glass which showed an excellent chemi-glass. To do this, glass was pulverized into various size,

cal durability due to the strong binding of Mg-O in a such as 63, 250, 500 and 84in and then 40 grams of
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Figure 3 SEM micrographs and RO glass surfaces reacted in %mm containing solution with various pH6 for 1 hr.
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Figure 4 EDS line profile of Si and micrograph of fracture surface of Figure 5 Concentration of carbonate ions remained in a solution after
SrO glass reacted in a (§Oion containg solution with pH 10 for 1 hr.  reaction with RO glasses for various periods of time.
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Figure 6 Concentration of Si* ions leached in a C§I ion containing
solution with pH 6 for various periods of time.
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Figure 7 Concentration of C@ ions remained in a solution after reac-
tion with BaO Glass powders.

powders. The carbonate ion concentration against glass
powder size was plotted in Fig. 7.

By using glass powder with less than @3n, the
entire 5000 ppm of carbonate ion which was originally
presentin the solution were removed completely under
these experimental conditions.

By controlling the flow rate of solution and, the size
and quantity of glass powder, we are able to remove all
carbonate ions in wastewater by just flowing the solu-
tion over glass powder. In this way, surface active glass
powder may be used as a carbonate ion removal filter.

4. Conclusions

When various alkaline earth metal ion-containing
glasses are reacted with a solution of carbonate ions,
and the following conclusions can be drawn.

1. Carbonate crystal precipitates by combining al-
kaline earth metal ions, which are leached out of the
glasses, with C§T ion present in a solution on a silica
gel layer formed on the surface active glass.

2. Allglasses except MgO glass have a strong uptake
capacity for carbonate ions from solutions in the pH
ranging from 6 to 10.

3. Carbonate crystals formed on both SrO and BaO
glasses showed a blocking effect against further leach-
ing of Siion from the glass surface.

4. The carbonate ion removal rate increases sharply
with surface area, and 5000 ppm of carbonate ions in
the solution were completely eliminated by the BaO
glass in a particle size of 63m.
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