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C ALCIUM CARBONATE FINDS

extensive use as a mineral
filler in the alkaline paper-
making process (1, 2). The

presence of calcium carbonate fillers
improves the optical properties of
paper (3–5) .Calcium carbonate fillers
also enhance the bulk, formation,
printability, and durability of a paper
sheet. An economic incentive to use
calcium carbonate filler as a substitute
for expensive wood fibers also exists.
Calcium carbonate has a low manufac-
turing cost, and precipitated calcium
carbonate (PCC) is often available at a
site close to a paper mill (6,7).

Both ground calcium carbonate
(GCC) and PCC find use in filling
paper.Due to irregular particle shapes
and low surface area, GCC filled pa-
pers often have less brightness, opaci-
ty, and bulk than papers filled with
PCC.These papers have a higher sheet
strength and better drainage.

PCC can have different crystalline
structures depending on its produc-
tion. The most common forms are
scalenohedral calcite, rhombohedral
calcite, and acicular aragonite (3). The
scalenohedral form of calcite imparts
the most opacity and bulk on a sheet
of paper due to its high internal pore
voids. The voluminous nature of these
particles significantly detracts from
the drainage of the paper web and
subsequently decreases the produc-
tion rate of a paper machine. Use of
the rhombohedral form of calcite is an
attempt to reduce the impact on sheet
drainage (8).

The pH strongly influences the sol-
ubility of calcium carbonate. The
change of pH from alkaline to acidic
conditions causes a dramatic increase
in the solubility by several orders of
magnitude. At alkaline conditions
where the solubility of calcium car-
bonate is small,darkening of pulp may
occur.The pH conditions for using cal-
cium carbonate in papermaking there-
fore impose limitations. The
application of calcium carbonate in
acidic condition may become feasible
if discouraging the dissolution of calci-
um carbonate is possible.

The inhibition of calcium carbon-
ate dissolution is also important in
wastewater treatment technology and
the natural environment. This has

prompted the interest of several re-
searchers who identified several
chemicals that may inhibit the dissolu-
tion of calcium carbonate.Certain ions
such as magnesium (9–14), ions of
1,2-dicarboxylic acids (15), oxalate
ions (16), and orthophosphate
(17–20) are the inhibiting chemicals.
The general mechanism of inhibition
proposed is adsorption of these ions
on the surface of the calcium carbon-
ate. This causes blocking of the disso-
lution sites of the surface lattice of
calcium carbonate.

Previous work used laboratory
synthesized calcium carbonate to con-
duct experiments with a fixed con-
centration of inhibitor. The
measurements focused on the kinetics
of dissolution. The aim of the study
was to elucidate the mechanisms of
action of the inhibiting ions.With this
fundamental information, we wanted
to use the inhibiting substances with
commercial calcium carbonate filler at
papermaking conditions to obtain
practical information to improve engi-
neering practice at mills.

In our work,we used a PCC of pa-
permaking grade to study the inhibi-
tion of calcium carbonate dissolution.
We studied the inhibiting effect by
measuring the concentration of dis-
solved calcium ions in a simple calci-
um carbonate with water open
system. Our study had the following
objectives:

• To compare the inhibiting effec-
tiveness of ions on the dissolution
of a commercial sample of PCC
filler at pH conditions near neutral
and alkaline papermaking
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ABSTRACT
The inhibition of the dissolution of pa-
permaking grade precipitated calcium
carbonate filler with sodium oxalate
and phosphoric acid at pH 7.5 in-
creased with inhibitor concentration.
The saturation points for sodium ox-
alate and phosphoric acid were 1.0 x
10-2 mol/L and 0.5 x 10-3 mol/L.
Oxalate ions inhibited the calcium car-
bonate dissolution in the entire range
of pH studied.The inhibition was
greater at lower pH.At an inhibitor
concentration of 0.0014 mol/L and pH
7.5, the most effective chemical was
phosphoric acid.The solubility of calci-
um ion was 80% lower than that in a
solution without inhibitor.The authors
also studied the inhibition of calcium
carbonate dissolution by phosphoric
acid in a CTMP suspension. For each
level of precipitated calcium carbonate
loading, a saturation point occurred,
and the amount of phosphoric acid re-
quired to achieve the saturation point
increased with the filler loading.

Application:

Phosphoric acid is an efficient inhibitor
for the dissolution of precipitated calci-
um carbonate in water. It has the po-
tential for use in PCC solubility control
in papermaking suspension.
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• To determine the minimum
dosage of the most efficient 
inhibitor required to reach the
maximum inhibition

• To study the effectiveness of in-
hibitors at different pH values

• To study the inhibition of PCC
filler dissolution in a chemithermo-
mechanical pulp (CTMP) suspen-
sion.

MATERIALS AND METHODS
CTMP came from a British Columbia
mill. Calcium carbonate used in this
experiment was a prismatic,paper-fill-
ing grade of PCC—Albafil M from
Specialty Minerals Inc. (Bethlehem,
PA) obtained as a 15.2% by weight sus-
pension. The surface area and median
particle size of this material reported
by the manufacturer were 7 m2/g and
0.8 µm,respectively. The material con-
tained approximately 3% impurities of
which 2% and 0.06% were magnesium
carbonate and iron oxide,respectively.
The suspension was redispersed for 
two hours before its use by using a
simple rotating apparatus in our 
laboratory. There was no additional
purification. Disodium ethylenedi-
aminetetraacetic acid (EDTA), phos-
phoric acid, succinic acid,maleic acid,
sodium oxalate, and magnesium chlo-
ride were obtained from Aldrich
Chemical Company, Inc. (Milwaukee,
WI). Ethyleneglycol-bis(ß-aminoethyl-
ether)-N,N,N,N-tetraacetic acid
(EGTA) was obtained from Sigma
Chemical Co. (St. Louis, MO). All inor-
ganic electrolytes of analytical grade
were obtained from Fisher Scientific
(Vancouver, BC). Hydroxy naphthol
blue from Mallinckrodt Chemical
Works (St. Louis, MO) was used as the
calcium ion indicator. Distilled water
used in all experiments was deionized
and filtered through 0.05 µm filters in
a commercial water purification appa-
ratus supplied by Fisher Scientific
(Vancouver,BC).

Inhibition of calcium carbonate
dissolution

A desired amount of inhibitor was first

added to 100 mL of 1% mass calcium
carbonate suspension.The suspension
was agitated using a magnetic stirrer
for 12 h, and the pH was periodically
adjusted by aqueous solution of 0.1M
NaOH or HCl. The suspension was
then allowed to settle for 30 min.
Aliquots of 10 mL were taken from the
supernatant solution and filtered
through a 0.2 µm membrane filter
from Gelman Sciences (Ann Arbor,
MI). Filtered samples were diluted to
50 mL by addition of deionized water.
The calcium concentration was deter-
mined by photometric titration with
EDTA solution using a Mettler Toledo
DL25 Titrator with a DP550
Phototrode from Mettler-Toledo 
AG, Analytical (Schwerzenbach,
Switzerland).When using magnesium
ion as the inhibitor, photometric titra-
tion was conducted with EGTA solu-
tion instead.

Inhibition of calcium carbonate
dissolution by phosphoric acid in
the presence of CTMP

For one-day experiments,20 g of oven
dried pulp was suspended in 2 L of
distilled water at 80°C and allowed to
stand overnight. The suspension was
disintegrated in the British Pulp
Evaluation Apparatus from Mavis
Engineering Ltd.(London,England) for
35 min. Desired amounts of calcium
carbonate suspension and phosphoric
acid were added to 500 ml of pulp sus-
pension. The pH of the mixture was
adjusted by aqueous solution of 0.1M
NaOH or HCl for 6 h.The mixture was

transferred into the Britt’s Dynamic
Drainage Jar (DDJ) with the 200-mesh
screen from Paper Research Materials
Inc. (Gig Harbor, WA) and stirred at
1200 rpm for 1 min. The drainage
valve was then opened, and the first
40 mL of filtrate (equal to the dead vol-
ume of DDJ) was discarded. The fol-
lowing 100 mL of filtrate was
collected. The filtrate was filtered
through a 0.22 µm Millipore (Bedford,
MN) membrane filter under pressure
of nitrogen. The calcium concentra-
tion was then measured by photomet-
ric titration as described above. Each
experiment was repeated three times,
and the average value for the concen-
tration of Ca+2 was reported.The max-
imum standard error of the
determined Ca+2 concentration was
less than 7% of the average value.

RESULTS AND DISCUSSION
It is important to measure the con-
centration of calcium ions at condi-
tions when the solubility equilibrium
is reached.For this reason,preliminary
experiments were performed to de-
termine the time required to reach the
solubility equilibrium. The concentra-
tion of Ca+2 ions in the calcium car-
bonate and water solution were
monitored with time after the mixing.
The system reached equilibrium after
6 h of agitation.The equilibrium pH of
the suspension was 9.0.

Figure 1 shows the concentration
of free Ca+2 ions at equilibrium in PCC
suspension at different pH values.The
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figure compares experimental data
from this work with data from the lit-
erature and results based on theoreti-
cal calculations. The graph shows the
increasing solubility toward the acidic
conditions. The equilibrium concen-
trations of free Ca+2 ions at different
pH compare well with literature data
(21).The theoretical calculations used
the thermodynamic data for the calci-
um carbonate water open system
(22). The large discrepancy between
the theoretical data and experimental
results is probably due to the pretreat-
ment of the surface of PCC with a dis-
persing agent and the presence of
impurities.

Figure 2 shows the inhibition ef-
fect of oxalate ion, C

2
O

4
-2 on the solu-

bility of the PCC. The extent of
inhibition is a strong function of the
concentration of oxalate ions. The
presence of 1.0 x 10-2 mol/L concen-
tration of sodium oxalate dramatically
inhibited the dissolution of the PCC.
Further increase in the sodium oxalate
concentration did not enhance the in-
hibition significantly.Under our exper-
imental conditions, we estimate that
the formation of calcium oxalate 

hydrate crystals (CaC
2
O

4
·H

2
O,

whewellite) in the calcium carbonate
water mixture with the addition of
sodium oxalate was possible. Even
with the lowest oxalate ions 
concentration studied, the solubility
product, K

SP
, of the whewellite (23),

2.34 x 10-9,was exceeded.The calcula-
tions used the measured concentra-
tion of Ca+2.It is therefore possible that
the addition of oxalate ions into the
calcium carbonate water system could
cause the formation of calcium ox-
alate hydrate.

The solubility product of calcium
carbonate (23), 4.96 x 10- 9, is higher
than the K

SP
of CaC

2
O

4
·H

2
O. This

means that in the system of two calci-
um minerals the solubility of the less
soluble mineral will govern the con-
centration of free Ca+2 ions. The pres-
ence of PCC particles in the system
would accelerate the formation of
CaC

2
O

4
·H

2
O crystals,because the PCC

particles could serve as “centers of
crystallization” and host the newly
formed solid phase on their surface.
The inhibiting effect of oxalate ions
therefore may be due to the precipita-
tion of less soluble whewellite solid
phase on the surface of the PCC. This
in turn prevents the dissolution of the
PCC.As Fig.2 shows,the maximum in-
hibiting effect occurred after the addi-
tion of a small amount of sodium
oxalate.

The “turning”point of the curve in
Fig.2 could correspond to the level of
oxalate ions to form the required

amount of calcium oxalate hydrate to
cover completely the surface of PCC
particles.At low concentrations of less
than 10-3 mol/L of oxalate ions, note
that the possibility of formation of
whewellite in the calcium carbonate
water system will not occur (16). At
low oxalate concentrations, the ab-
sence of whewellite precipitation in
the system could result in no inhibi-
tion of calcium carbonate dissolution
as Fig.2 shows.When the oxalate con-
centration increases, the whewellite
could then precipitate and cover the
surface of PCC particles.

Figure 3 shows that the free calci-
um ion concentration profile against
the phosphoric acid concentration
has a similar trend as the oxalate ions.
Only 0.5 x 10-3 mol/L of phosphoric
acid were necessary to achieve the sat-
uration point. Further addition of
phosphoric acid did not enhance the
inhibition. Like the case with sodium
oxalate, the formation of calcium
phosphate solid was possible,since its
solubility product (23) is 2.07 x 10–33.
At a concentration of phosphoric acid
ions in the calcium carbonate water
system less than 1 x 10-7 mol/L, the
precipitation of any calcium phos-
phate solid phases was not possible,al-
though the Gibbs free energy of
hydroxyapatite, Ca

5
(PO

4
)

3
OH, forma-

tion was negative (20). At higher
phosphoric acid concentrations, the
rapid increase in growth of calcite
crystals relates to the co-precipitation
of hydroxyapatite and calcium phos-
phate (20). At the range of phosphor-
ic acid concentrations studied, the
inhibition of PCC dissolution could
therefore be due to the formation of
less soluble calcium phosphates. As
Fig.3 shows, the inhibition could start
even at very low concentrations of
phosphoric acid in the system be-
cause of the low K

SP
values of calcium

phosphate.
Figure 4 presents the inhibiting

effect of oxalate ions at different pH.
Oxalate ions inhibited the dissolution
of PCC in the entire pH range studied.
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The inhibition was greater at low pH.
The adsorption mechanism plays an
important role on the reduction of the
rate of PCC dissolution. Besides the
formation of insoluble solid phases
with calcium, oxalate or phosphoric
acid ions adsorb onto the surface of
PCC and block the sites where the dis-
solution takes place. Many studies ex-
plained the inhibition by phosphate
ions (17–20) and oxalate (16) by
competitive adsorption of ions on the
calcium carbonate surface. It is possi-
ble that the inhibiting ions adsorbed
on the surface of calcium carbonate
particles could play another role be-
sides a simple formation of a barrier
between calcium carbonate lattice
and water phase.

Phosphate ions effectively control
the hydrogen ion concentration in so-
lution. For example, potassium phos-
phate is the element of standard buffer
solutions. Obviously, phosphate ions
adsorbed on the PCC surface would
control the concentration of hydrogen
ions on the PCC water interface. Most
hydrogen ions reaching the surface of
PCC particles must first react with the
adsorbed phosphate ions. When the
percentage of the surface of PCC cov-
ered with inhibiting ions increases,the
number of available hydrogen ions to
interact with the PCC lattice decreas-
es. From their buffering ability, ad-
sorbed phosphate or oxalate ions on
the surface of PCC can prevent the re-
action of hydrogen ions with PCC in

loading.For each level of PCC loading,
observation of the saturation behavior
showed that the amount of phosphor-
ic acid required to achieve the satura-
tion point increased with the PCC
loading.The increase in the number of
PCC particles in the system increases
the total surface to be inhibited. This
results in shifting the saturation point
toward higher concentrations of phos-
phoric acid.

CONCLUSIONS
We investigated the inhibiting capabil-
ities of various chemicals on the disso-
lution of PCC fillers in water.
Phosphoric acid was the most effi-
cient inhibitor. The solubility of Ca+2

was reduced 80%. The extent of inhi-
bition increased with inhibitor con-
centration until a point after which
further addition of inhibitor did not
enhance the inhibition. This effect
could correspond to a level of in-
hibitor required to form the necessary
amount of less soluble calcium con-
taining solid phases to cover com-
pletely the surface of the PCC and
prevent the dissolution of the PCC.We
suggest that the higher inhibiting ef-
fect at lower pH was due to the buffer-
ing action of the absorbed inhibitors
on the surface of PCC that prevented
the reaction of hydrogen ions with
PCC. Phosphoric acid also inhibited
the dissolution of PCC in a CTMP sus-
pension. The saturation point depend-
ed on the loading of PCC filler.TJ

acidic media.This could explain the in-
creased inhibition by oxalate ions at
lower pH shown in Fig.4.

Besides experiments with sodium
oxalate and phosphoric acid, FFiigg..  55
shows the results of studies on the in-
hibition of the PCC dissolution by
maleic acid, succinic acid, and magne-
sium chloride. All the experiments
used pH 7.5 and 1.4 x 10–3 mol/L of in-
hibitor. Converting the results to per-
centage of inhibition used the
following equation:

Inhibition % = 1– {100[Ca+2]
w
/[Ca+2]

wo

(1)

where

[Ca+2]
w

= free calcium concentration in
the presence of inhibitor
[ca+2]

wo
= free calcium concentration in

the absence of inhibitor.

Under these experimental conditions,
phosphoric acid was the most effec-
tive inhibitor. The differences in ad-
sorption affinity and buffering ability
of the inhibitors on the surface of PCC
may explain the differences in the in-
hibiting efficiency.

Dissolution experiments were also
carried out in a DDJ in the presence of
a CTMP pulp suspension using phos-
phoric acid, the strongest inhibitor.
FFiigguurree  66 shows the results for three dif-
ferent loads of PCC. The inhibiting ef-
fect decreased with increasing PCC
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