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Acceleration of Probertite Precipitation in Borax
Solutions by Polyelectrolytes

N. YAVASOGLU,* O. OZCAN, and A. N. BULUTCU
DEPARTMENT OF CHEMICAL ENGINEERING

ISTANBUL TECHNICAL UNIVERSITY

80626 MASLAK-ISTANBUL, TURKEY

ABSTRACT

In this study, the importance of surface charge in the precipitation of probertite
(NaCaBs0y-5H-0) in borax solution was shown. By controlling the surface charge
with polyelectrolytes. the removal of calcium ions from the borax solution in the
form of probertite. which is the most difficult impurity to remove. was studied.
The use of only 5 ppm cationic polyelectrolyte and 0.2 of probertite seed crystals
was sufficient to reduce the calcium ion concentration to the 200 ppm level in 2
hours. By comparison with the 50-60 hours precipitation time from clear solution
to the same level of calcium concentration. it was concluded that polyelectrolytes
can be used as tailor-made additives to control precipitation.
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INTRODUCTION

The most important water-soluble boron mineral is tincal (Na»-
B405-10H,0) which is used in the production of borax decahydrate, borax
pentahydrate, and other boron compounds. The biggest borax reserve in
the world is in Kirka (Eskisehir-Turkey) (1). Tincal ore in the Kirka basin
contains 60-80% tincal mineral, the rest being mainly dolomite and mont-
morillonite and to a lesser extent other water-insoluble boron minerals
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such as ulexite, colemanite, inyoite, meyerhofferite. hydroboracite, kur-
nakovite, and tunellite (2).

The tincal content of this ore is increased to about 88-95% in a concen-
trator by washing under a mechanical effect, and then it is used as a raw
material in a borax refinery plant. In this plant the borax concentrate is
dissolved in the recycling mother liquor at about 95°C, and then the insolu-
ble parts are removed by flocculation. The clear borax solution is crystal-
lized at 65°C to obtain borax pentahydrate (3). and the mother liquor of
this stage is sent to the borax decahydrate crystallizer working at 45°C
(4-6).

Although the production process of borax salts is not complex, the
impurity behavior is not very simple. It is well known that borax solutions
give complex ion formation with alkaline-earth metals, especially with
calcium salts. This property is used for the analytical determination of
the boron oxide content of the sample (7).

In borax plants the final refined borax salts always contain some insolu-
ble impurities, mainly in the form of probertite. The precipitation of prob-
ertite is not controlled and. depending on many factors, it precipitates in
the tubes. in other equipment, and in the product (8-10).

The necessary calcium ion to form probertite comes from calcium-con-
taining minerals in the ore through dissolution and a complexation mecha-
nism (10). The solubilities of calcium-containing minerals in the ore are
higher in the borax solution than in water. The higher the borax concentra-
tion and temperature, the higher the calcium solubility. In a borax refinery
plant. high temperature and borax content lead to dissolution of 3001000
ppm calcium; this is higher than the equilibrium value of probertite (8—10).
Therefore, probertite formation is inevitable. The precipitation rate of
probertite is very slow in clear solutions and uncontrolled in the same
borax solutions containing suspended matter of different minerais. Clear
borax solutions containing about 600-800 ppm calcium at 92°C and 30%
Na,B.0O- reach the equilibrium solubility of probertite by precipitation in
more than 5 days (10). The rate of precipitation is a function of the initial
calcium concentration and the kind of solid mineral in the bulk. The pre-
cipitation process becomes more complex during the crystallization of
borax salts, since the temperature and Na.B,0O- content of the solution
decrease simultaneously.

This uncontrolled precipitation can be prevented by decreasing the cal-
cium concentration in borax solutions before crystallization starts. Three
different methods can be used to control the calcium content in the borax
solutions. Any source of carbonate. such as sodium carbonate, CO-, so-
dium bicarbonate, and sodium sesquicarbonate. can be used to precipitate
calcium ions as CaCOs in the borax solutions. Carbonate ion concentra-
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tion must be 0.5-2.5% of the solution by weight, depending on the borax
concentration. Under these conditions, calcium is precipitated as calcium
carbonate, and it is possible to reduce the calcium concentration to the
150-90 ppm level at which no more probertite precipitation can be ob-
served (9, 10). The carbonate ion concentration needed to precipitate as
CaCOs is extremely high compared to the stochiometric requirement.

A more effective method for the removal of calcium from borax produc-
tion solutions is to use an ion exchanger. However, this is an expensive
method because of the initial investment costs. There is a temperature
problem when the solution at 95-100°C is contacted with an ion exchanger
having lower temperature stability limits.

The best method for inducing crystallization is to inoculate a supersatu-
rated solution with small particles of the material to be precipitated. Delib-
erate addition of small quantities of fine particles has been found helpful
for inducing crystallization in specific cases (11). A way to accelerate
probertite precipitation before the crystallization step is based on the addi-
tion of probertite seed crystals to borax production solutions containing
calcium ions. For this method, the probertite seed crystals must be at
least 5-15% of the solution (8). However, this large amount of seed crys-
tals causes filtration problems.

The aim of this study is to investigate the precipitation mechanism of
probertite, to understand the reason why such a large amount of seed
crystals is needed to accelerate precipitation, and to provide a method
for removing calcium ions from borax production solutions which is effi-
cient and economically desirable.

EXPERIMENTAL

Pure borax decahydrate crystals used in the experiments were obtained
from recrystallization of technical grade borax pentahydrate crystals pro-
duced in the Kirka Borax Plant in Turkey.

Probertite seed crystals added to the solution were obtained by adding
CaCl; solution to give 1000 ppm calcium ions to a borax solution contain-
ing 28% Na,B,O, at 90°C. The precipitated probertite was filtered,
washed, dried, analyzed, and used as the seed crystal. The polyelectro-
lytes used in this study were commercial products, and their trade names
and chemical compositions are given in Table 1. Other chemicals used
for the analysis were all analytical grade.

In order to determine the effects of the polyelectrolyte concentration
and the amount of probertite seed crystals on probertite precipitation, 200
mL borax solutions containing 28% Na,B,0, and 580 ppm calcium ion
at 90°C were put into flasks with different probertite and polyelectrolyte
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TABLE |
Polyelectrolytes Used in This Study
Trade name Company Chemical Charge
Cat Floc TL Calgon Dimethyl diallyl Cationic (100%)
ammonium chloride
(DADMAC)
WT 2479 Calgon Methacryloxy trimethyl Cationic
ammonium chloride (~80%)
(METAC)
N100 Cyanamid Polvacrylamide (PAM) Nonionic

contents. These flasks were shaked in a thermostated bath for a definite
time to follow changes in the calcium ion concentration in the clear so-
lution.

The zeta potential measurements were made with a Zeta Meter. In each
test, 0.5 g probertite (<38 pm) was suspended in 200 mL distilled water
(conductance of 1.2 X 10 ¢ ohm-s~ '-cm) and in different concentrations
of borax solutions. The reagent additions were continuously carried out
using the AST (Automatic Sample Transfer) unit of a Zeta Meter 3.0.
Polyelectrolyte solutions with 100 ppm stock concentration were added
dropwise into the suspension.

Na->B.O; concentration in the solution was determined by a well-known
complexation method with mannitol followed by titration with dilute
NaOH (12). Calcium ion concentration was determined by a EDTA titra-
tion method (13). Precipitation of probertite was followed by calcium ion
determination. The chemical composition of the precipitate was also deter-
mined by analytical methods.

RESULTS AND DISCUSSION

Calcium ions in borax production solutions containing 3, 8, 18, and
30% Na»B40O- form calcium borate complexes of high solubilities. These
complexes reach a maximum concentration, and then calcium starts to
precipitate very slowly in the form of probertite (NaCaBs0Oy-5H,0) (10).

The mechanism of calcium ion removal by probertite addition can be
explained as ‘‘the seed crystal role’ of the added probertite crystals to
the system. To investigate the reason for very large amount of probertite
seed crystal required in the probertite precipitation mechanism, the sur-
face charge of probertite particles in pure water and in borax soiutions
with different Na>B.O- concentrations was measured. The change in the
zeta potential of probertite versus borax concentration is shown in Fig. 1.
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FIG. 1 Variation of the zeta potential of probertite with Na,B40; concentration.

It is seen from Fig. 1 that probertite gives a —8.92 mV zeta potential
in distilled water. The zeta potential of probertite becomes more negative
with increasing Na, B,O- concentration in the solution. The zeta potential
of probertite cannot be measured in borax solutions containing higher than
3% Na,B40- because of the high conductivity of the solution. The trend
of the curve shows that at higher Na,B4O; concentrations the zeta poten-
tial of the probertite surface approaches a high negative asymptotic value.
The high negative surface charge of probertite particles in borax solution
explains its inability to precipitate spontaneous.

To accelerate the precipitation of probertite, it is necessary to form a
critical nucleus upon which further growth can occur thermodynamically.
Particles with the critical nuclei size form embryos in the solution. This
is possible because of collisions of the required number of embryos (11).
Repulsive electrical forces arising from the electromagnetic interactions of
the charged layer surrounding the particles, the so-called electrical double
layer, prevent the incorporation of embryos in the lattice. Embryos which
have the same surface charge cannot contact each other because surfaces
of particles with the same charge are repulsive. This results in the forma-
tion of invisible embryos in the bulk, and practically no precipitation can
be observed. This indicates that probertite should be formed in the amor-
phous state by a coagulation mechanism. X-ray studies of probertite pre-
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cipitation prove the existence of the amorphous state. For this reason the
spontaneous precipitation of probertite is very slow.

Classical DLLVO theory, developed by Deryagin, Landau, Verwey, and
Overbeek, defines the total potential energy of the interaction between
two charged particles (14—16). This theory states that coagulation time is
inversely proportional with the number of stable nuclei and proportional
to the stability coefficient, which provide a quantitative measure of the
stability of the dispersion. The high stability coefficient of probertite can
only be used to explain the time necessary for precipitation from clear
borax solutions. This stability can only be broken down by increasing the
number of particles. Therefore. an excess amount of seed particles, such
as 5-15% by weight of the solution. is necessary for a precipitate to form
in a shorter time.

In order to accelerate probertite precipitation. the probertite negative
surface charge must be neutralized by using a cationic polyelectrolyte.
To accomplish this, nonionic and cationic polyelectrolytes were used in
a 3% Na-B,0- borax solution. From 5 to 50 ppm concentrations of poly-
electrolyte were added to the suspension. and then the zeta potential of
probertite was measured. The change of zeta potential of probertite at
these conditions is given in Table 2.

It is clear from Table 2 that nonionic polyelectrolyte N100 did not affect
the probertite surface charge, but cationic polyelectrolytes (WT 2479 and
Cat Floc TL) neutralized the negative surface charge of probertite and
gave an opposite charge. Changes in the zeta potential of probertite as a
function of cationic polyelectrolyte WT 2479 concentration are given in
Fig. 2.

TABLE 2
The Effect of Polvelectrolytes on the Probertite Surface Charge in Borax Solution
(1(‘( N'd:B.aOﬂ
Concentration Zeta potential

Trade name Company Charge (ppm) (mV)
None —_— —_ — —23.5¢
N100 Cyanamid Nonionic 10 -27.0
28 -27.0

WT 2479 Calgon Strongly cationic S =229
10 -15.6

25 +14.0

S0 +14.0

Cat Floc TL Calgon 100%% Cationic 10 +16.4

“ No polyelectrolyte was used in this experiment.
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FIG.2 Variation of the zeta potential of probertite with polyelectrolyte WT 2479 concentra-
tion.

Another cationic polyelectrolyte, Cat Floc TL, was also used in the
experiments. It neutralized the surface charge of probertite at concentra-
tions lower than WT 2479.

The polyelectrolyte WT 2479 has a polyacrylamide group in its chemical
structure which undergoes hydrolysis with temperature and borax concen-
tration, and loses its cationic charge over time. It also has a higher molecu-
lar weight and viscosity. The polyelectrolyte Cat Floc TL, on the other
hand, is completely stable at high pH values and has a lower viscosity.
This is an advantage compared to WT 2479 polyelectrolyte’s high viscosity
and low physical stability. A 10 ppm concentration of Cat Floc TL is
sufficient to change the negative surface charge of probertite to a positive
value. For this reason, Cat Floc TL was used for neutralization of the
probertite surface charge in the precipitation experiments.

Precipitation experiments were done to examine the effect of the prob-
ertite seed crystal ratio and polyelectrolyte concentration on the probertite
precipitation rate. The changes in calcium ion concentration in solutions
treated with 5, 10, and 25 ppm Cat Floc TL polyelectrolyte and different
amounts of probertite seed crystals (0.1-0.5%) are shown in Figs. 3 and 4.
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FIG. 3 Variation of the calcium ion concentration as a tunction of time. (90°C. 28%
Na-B;O,, Cat Floc TL).
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FI1G. 4 Variation of the calcium ion concentration as a function of time. (90°C, 28%
Na-B.O5. Cat Floc TL).
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In these figures the change of calcium concentration in the solution is
given as the function of time. It is clear from these figures that polyelectro-
lyte has no effect on the probertite precipitation alone. However, when
the solution contains at least 0.1% probertite as seed crystal, there is no
difference between 5 and 10 ppm polyelectrolyte additions. This means
that 5 ppm Cat Floc TL polyelectrolyte is sufficient to precipitate calcium
ions as probertite in 3 hours in a solution which has 0.1% probertite seed
crystal. With the addition of 0.2% probertite and 5 ppm Cat Floc TL
polyelectrolyte, it is possible to reduce the calcium ion concentration to
under 200 ppm in less than 2 hours. In the presence of 0.59% probertite
and 5 ppm Cat Floc TL., the calcium ion concentration decreases to under
200 ppm in 1 hour. Without probertite addition, on the other hand. the
polyelectrolyte has no effect because the embryos probably cannot reach
the critical nuclei size. The results obtained are consistent with DLVO
theory, since polyelectrolyte addition eliminates the repulsive forces and
the total potential energy of interaction between particles become the van
der Waals attractive forces.

CONCLUSION

Surface charge is the dominant factor in the precipitation of highly
charged probertite particles. The surface charge and the precipitation ki-
netics of probertite can be controlled by the addition of polyelectrolytes.
Therefore, this group of materials can be looked upon as tailor-made addi-
tives for precipitation and crystallization. These results made it possible
to find the kind of additive needed for precipitation by using zeta potential
measurements.

As a result of this idea, a new technological method was developed to
control the calcium ion concentration in a borax solution. By using prob-
ertite seed crystals in the amount of 0.2-0.5% of the solution together
with 5 ppm Cat Floc TL, the precipitation of calcium ions in the form of
probertite was accelerated and the precipitation time was decreased from
60-70 hours down to 1 hour.
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