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Abstract: The separation of manganese from sulfate solutions containing 14.59 g/L Mn?*, 1.89 g/L Mg®" and 1.54 g/L Ca®>" was
preformed successfully by carbonate precipitation. The results of thermodynamic analysis and tests indicate that carbonate
precipitation holds better selectivity for manganese over magnesium than hydroxide precipitation and the feeding method is the most
critical factor for minimizing the co-precipitation of calcium and magnesium. Furthermore, with adding MnSO, solution to
NH4HCO; solution, the effects of the initial NH4;HCO; concentration, NH;HCO; amount, solution pH value, reaction temperature
and time on carbonate precipitation were evaluated and the optimum precipitation conditions were obtained. Under the optimum
conditions, the precipitation rates of Mn?*, Ca*" and Mg% are 99.75%, 5.62% and 1.43%, respectively. Moreover, the prepared
manganese carbonate was characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM) equipped with
energy-dispersive X-ray spectroscopy (EDX). The results demonstrate that the product can be indexed to the thombohedral structure

of MnCO;.
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1 Introduction

Manganese sulfate solutions derived from the
hydrometallurgical process of low-grade manganese ore
usually contain a certain amount of calcium and
magnesium ions, which affect the subsequent recovery of
manganese. Generally, it is difficult to remove calcium
and magnesium ions from the MnSO, solutions, because
the chemical properties of Ca*" and Mg*" are similar to
those of Mn®". Till now, there are mainly three
purification methods of Ca®" and Mg including variable
temperature crystallization, chemical precipitation and
solvent extraction. Each method has its own advantages
and disadvantages. Variable temperature crystallization
of manganese sulfate solutions is simple and easy to
operate, but difficult to avoid the formation of the mixed
crystal of MnSO,; and MgSO,; [1-3]. Chemical
precipitation method is of great significance in the
purification process of manganese solutions. For instance,
fluoride, oxalate, phosphate and carbonate are used as
precipitants of calcium and magnesium ions [4—7].

Especially, fluorides such as MnF, and NH,F are widely
used because the solubility product constants of CaF,
and MgF, are far lower than that of MnF,at 25 °C [8].
However, fluorination precipitation method cannot evade
the drawbacks of difficult sedimentation, strong
corrosion and environmental pollution. Solvent
extraction can be used to separate manganese selectively
from other metals and avoid above drawbacks of
fluorides, but the reagent costs may limit its application
for the removal of calcium and magnesium ions from
manganese-bearing solutions [9—11]. Therefore, in view
of today’s economic and environmental concerns,
chemical precipitation method using green reagents will
be a future trend in the purification processes of
manganese solutions.

In recent years, studies on separation and recovery
of manganese from solutions containing one or more
metals such as iron, cobalt, nickel, zinc, copper,
calcium and magnesium have been carried out by
hydroxide precipitation, carbonate precipitation or
oxidative precipitation [12—17]. Hydroxide precipitation
alone is easy to cause co-precipitation of manganese and
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magnesium due to its poor selectivity. Oxidative
precipitation with SO,/O, (air) is highly selective for the
recovery of manganese ions in the form of Mn,O; or
MnO,, but the disadvantages of this approach are the
need for very precise feed control and the use of toxic
and corrosive SO, gas. As for carbonate precipitation,
previous research reported the separation of manganese
and magnesium ions utilizing ammonia solution and
carbon dioxide or ammonium bicarbonate [18]. More
recently, PAKARINEN and PAATERO [19] also
reported that carbonate precipitation is a fast and
effective approach for manganese recovery and iron
separation from sulfate solutions, with Na,CO; or
combined CaCO;z and O, (air) oxidation due to their
relatively low prices, good filtration and leaching
properties. However, to the best of our knowledge,
carbonate precipitation method has not been investigated
intensively for the synthesis of MnCOj; associated with
the removal of calcium and magnesium ions.

In this study, ammonium bicarbonate was used to
precipitate manganese ions for the preparation of
manganese carbonate product while calcium and
magnesium ions remained in solution. Then, the
remaining solution could be used to produce ammonium
sulfate fertilizer containing calcium and magnesium.
Moreover, the obtained manganese carbonate is a
profitable product, which can be widely used for the
production of manganese zinc magnetic ferrite,
non-ferrous alloys, paints, fertilizers, dietary additives,
welding electrodes and other manganese
compounds [20,21]. The aim of this work was to
investigate the selectivity for manganese over calcium
and magnesium by carbonate precipitation and effects of
several experimental variables such as the initial
concentration of NH4;HCO;, solution pH value, feeding
methods, NH,;HCO; amount, reaction temperature and
time on carbonate precipitation. Then, the optimum
experimental conditions for the synthesis of manganese
carbonate and minimizing co-precipitation of calcium
and magnesium were determined.

2 Theory
As we all know, there are two important
dissociation  equilibria  between carbonic  acid,

bicarbonate ion and carbonate ion in the carbonate
solution.

H,CO;==HCO; +H*, K,=10 % (1)
HCO; ==CO03 +H", K,=10'% 2)

where K, and K, are the first and second dissociation
constants of carbonic acid at 25 °C, respectively [8].
Then, according to the relevant knowledge of solution

chemistry, the mass balance of carbon element can be
expressed by the following equations:

¢(C), = ¢(CO3) +c(HCO3) +¢(H,CO;) 3)
¢(C), =¢(CO3") @, @)
@, = 1+10PK27PH 4 opRipKs—2pH (%)

where ¢(C), represents the total concentration of carbon
element in aqueous solution (mol/L), c(CO§_) ,
¢(HCO3) and c¢(H,CO;) are the concentrations of
carbonate ion, bicarbonate ion and carbonic acid,
respectively, (mol/L), @, is the coefficient of total
concentration of carbon element in the system and its
value can be calculated by Eq. (5), pK; and pK, are the
negative logarithms of K and K, respectively [22].

On one hand, the carbonate precipitation of divalent
metal ions and the solubility product constant of related
carbonate salts can be expressed by the following
equations:

Me?* +COF ==MeCO, (6)
Ko meco, = ¢(Me®")-¢(CO3) (7)
lge(Me™) =1g K, veco, —1ge(CO3) (8)

where c(Me®") represents the concentration of divalent
metal ion such as Ca®, Mg’* or Mn’" (mol/L);
K Mmeco, refers to the solubility product constant of
CaCO;, MgCOj; or MnCO:s.

Applying Egs. (4) and (5), and pK, and pK, values
to Eq. (8), the relationship between equilibrium
concentrations of divalent metal ions and the pH value in
aqueous solution can be presented as follows:

1gC(M62+) = ngsp,MeCO3 +

1g(1 + 101032*]31‘1 + 1016.70*2])1‘[) _ lgC(C)t (9)
where the K, values of CaCO3;, MgCO; and MnCOs are
10°%%* 105" and 107", respectively [8].

On the other hand, hydroxide precipitation of
divalent metal ions may occur with the solution pH value
increasing according to the following equations:

Me?* +20H™ == Me(OH), (10)
lge(Me®) =1g K oo Me(om), + 2Ky —2pH (11)
where the K, values of Ca(OH),, Mg(OH), and
Mn(OH), are 1032, 107" and 10'*72, respectively [8],

pKw refers to the negative logarithm of the ionic activity
product constant of water and its value is 14 at 25 °C.

3 Experimental

3.1 Materials
The main material of experiments was manganese
sulfate solution obtained by acid leaching of low-grade
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manganese carbonate ores and removal of iron and heavy
metals from leaching solution [23,24]. Table 1 lists the
major compositions of the solution, indicating that
1.54 g/L Ca*" and 1.89 g/L Mg”" were the principal
impurities and needed to be removed. In addition, other
chemicals in the experiments such as ammonium
bicarbonate, ammonia water (28%) and barium chloride
were analytical reagent grade and de-ionized (DI) water
was used in dissolution and washing.

Table 1 Major metal ions and their contents in manganese
sulfate solution (g/L)

Mn*" Fe** AP Ca** Mg?
14.59 0.051 0.0028 1.54 1.89
Na* K Zn** cu?
0.02 0.05 0.0034 0.0019

3.2 Experimental procedure

All the tests were carried out in 500 mL
three-necked flack provided with a mechanical stirrer. In
the typical precipitation procedure, 200 mL manganese
sulfate solution was added to 117 mL ammonium
bicarbonate solution at a flow rate of 2 mL/min with
agitating at 300 r/min. The temperature of reaction
system was maintained by water circulation from a
thermostatic water bath through the water jacket. The
solution pH value was monitored by a thermo pH probe
and adjusted to 7.0-7.5 by dropping ammonia water.
After feeding, the solution continued to be stirred for a
predefined time. When the reaction was completed, the
slurry was cooled to room temperature naturally for 3 h.
After the slurry was filtered, the filter cake was collected
and washed with 1000 mL de-ionized water five times
until the filtrate was not precipitated by adding 5% BaCl,
solution (mass fraction). Finally, the manganese
carbonate product was dried in a vacuum at 90 °C for
2 h.

3.3 Analysis methods

The manganese contents of the aqueous samples
and solid products were detected by titration with the
normality ammonium ferrous sulfate solution. The
contents of Ca and Mg were analyzed by inductively
coupled spectroscopy
(ICP-AES). Moreover, the crystal purity of products
under optimal conditions was determined by X-ray
diffraction (XRD). XRD analysis was performed using a
Rigaku D/max 2500V diffractometer equipped with a Cu
graphite Particle
morphologies were characterized by scanning electron
microscopy (SEM) equipped with an energy-dispersive
X-ray spectroscopy (EDX).

plasma atomic  emission

target and a monochromator.

4 Results and discussion

According to Egs. (9) and (11), at ammonium
bicarbonate concentration of 1.0 mol/L (¢(C)~=1.0 mol/L)
and 25 °C, the diagram of metal ions equilibrium
concentration versus pH value is shown in Fig. 1.

20 .
! = — CaCO;,
16 ! * — MgCO;
! 4 — MnCO;
12+ ! o— Ca(OH),
. o— Mg(OH),
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lg[c(Me?*)/(mol-L )]
i
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)

Fig. 1 Diagram of metal ions equilibrium concentration vs pH
value at ammonium bicarbonate concentration of 1.0 mol/L and
25°C

The graph of equilibrium concentration versus pH
value suggests that the precipitation laws of Ca®", Mg**
and Mn*" in hydroxide precipitation system are different
from those in carbonate precipitation system. With the
solution pH value increasing from 2 to 13, the
equilibrium concentrations of Ca®", Mg®" and Mn*" drop
linearly by hydroxide precipitation. However, in the
carbonate precipitation system, the metal ions
equilibrium concentrations decrease gradually with the
increase of solution pH value and then remain nearly
unchanged when the solution pH value exceeds 11.
Figure 1 also shows that at the same pH value, the
precipitation potentialities of Ca*’, Mg®" and Mn*"
decrease in the order: MnCO;>CaCO;>MgCO5>
Mn(OH),>Mg(OH),>Ca(OH),. When the solution pH
value is 7, the difference of Ig[c(Me®)] between
Mg(OH), and Mn(OH), is 1.47 while those are 5.46
between MgCO; and MnCO; and 2.09 between CaCO;
and MnCO;. Therefore, from the view of
thermodynamics, carbonate precipitation is more feasible
to separate manganese from magnesium and calcium
than hydroxide precipitation due to its better selectivity
for manganese over magnesium. Furthermore, the
precipitation of manganese carbonate is more
thermodynamically favorable for magnesium-manganese
separation than calcium-manganese separation. This is
important for obtaining better quality manganese
deposition product from manganese sulfate solution
containing higher concentration of magnesium and lower
concentration of calcium [13].
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In fact, the reactions of metal ions with carbonate
ions are essentially the crystallization processes of metal
carbonates. Generally, the growth process of crystals can
be separated into two steps, an initial nucleating stage
and a subsequent crystal growth process. Both the
nucleating speed and crystal growth speed can influence
the particle size of crystals and further influence the
impurity content in crystals or products. Furthermore, the
nucleating speed and crystal growth speed are governed
by the supersaturation of the solution and crystallization
temperature [25]. Therefore, in order to obtain
manganese carbonate product with extremely few
impurities, several factors of crystallization process such
as the initial concentration of ammonium bicarbonate,
solution pH value, feeding methods, reaction temperature
and time should be considered and optimized.

4.1 Effects of initial concentration of ammonium
bicarbonate and solution pH value
According to Egs. (9) and (11), the curves of Mn?**
equilibrium concentration versus pH value with different
initial concentrations of ammonium bicarbonate at 25 °C
are shown in Fig. 2.

12 i " — MnCO;,
I P ¢(C)=0.1 mol/L
10+ ! le — MnCO,,
= 8t o ¢(C)=0.5 mol/L
:J 6 : :A - MHCO3,
s 4t L ¢(C)=1.0 mol/L
E 5l 12— Mn(OH),
£ ot N
Q I I
2 _2 [ I |
S -4 ii
-210 _6 L | :
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-10+ !
-12L : : . . :
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Fig. 2 Curves of Mn®" equilibrium concentration vs pH value
under different initial concentrations of ammonium bicarbonate
at25°C

With increasing the initial concentration of
ammonium bicarbonate from 0.1 to 1.0 mol/L, the
equilibrium concentration of Mn®"at a certain pH value
tends to decrease, indicating that high concentration of
bicarbonate ion or carbonate ion can contribute to the
carbonate precipitation of Mn®". This generally agrees to
the precipitation—dissolution equilibrium law as
indicated by Eq. (6). When the carbonate ion
concentration in solution augments, the precipitation—
dissolution equilibrium moves towards the formation of
carbonate deposition. Therefore, in consideration of
maximizing the precipitation of Mn** and minimizing the
co-precipitation of Mg*" and Ca’’, the initial

concentration of ammonium bicarbonate of 1.0 mol/L is
recommended.

On the other hand, the solution pH value plays a
critical role in precipitation reactions as indicated by
Figs. 1 and 2. The Mn*" equilibrium concentration under
a certain concentration of carbonate ions decreases with
the increase of solution pH value from 2 to 13. When the
solution pH value is in the range of 7.0-8.0, the
carbonate precipitation of Mn®" occupies an obvious
advantage. However, when the solution pH value
exceeds the demarcation point such as 12.5, the
hydroxide precipitation of Mn®" holds an advantage with
respect to carbonate precipitation, and consequently,
Mn(OH), can contaminate the manganese carbonate
product. Hence, the formation of Mn(OH), should be
avoided and the solution pH value of 7.0—7.5 is adequate
for the carbonate precipitation process.

4.2 Effect of feeding methods

Generally speaking, there are three feeding methods
in the carbonate precipitation process, such as adding
NH4HCO; solution to MnSQO, solution or adding MnSQO,
solution to NH,HCO; solution or feeding simultaneously.
Hence, carbonate precipitations with three feeding
methods were investigated under the conditions of the
initial concentration of ammonium bicarbonate of
1.0 mol/L, ammonium bicarbonate amount of 110% of
the theoretical value, solution pH values of 7.0-7.5,
temperature of 40 °C and reaction time of 4 h. The
experimental results are shown in Table 2.

As indicated in Table 2, the Mn precipitation rates
with three feeding methods are similar while the contents
of Ca and Mg in the carbonate product are greatly
different. The obtained products by adding NH4HCO;
solution to MnSO, solution and feeding simultaneously
have higher contents of Ca and Mg with respect to the
feeding method of adding MnSO, solution to NH;HCO;
solution. The reason could be that during the process of
adding NH,HCO; solution to MnSO, solution, the
co-precipitation of Ca®* and Mg*" generates largely due
to the high initial concentrations of Ca** and Mg”" in the

Table 2 Effects of feeding methods on carbonate precipitation

Metal content in
product
(mass fraction)/%

Mn Ca Mg Mn Ca Mg

Precipitation

Feeding method rate/%

Adding NH,HCO; solution

to MnSO; solution 99.5325.6612.15 42.99 1.17 0.68

Adding MnSO,
solution to NH;HCO;  99.79 6.36 1.73 44.62 0.30 0.10
solution
Feeding
. 99.5022.8712.60 44.51 1.08 0.73
simultaneously
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solution. As for the synchronous feeding way of
NH4HCO; and MnSO, solutions, carbonate precipitate
tends to form large diameter crystal which is easy to
parcel the impurity ions such as Ca®" and Mg*" [26].
However, in the carbonate deposition process with
adding MnSO, solution to NH4HCO; solution, the initial
concentrations of Mg®" and Ca’" are lower, which
contributes to decreasing the precipitation of Ca®" and
Mg®*. Therefore, in order to obtain high quality
carbonate product, the feeding method of adding MnSO,
solution to NH,HCO; solution is adopted.

4.3 Effect of ammonium bicarbonate amount
With  other conditions fixed (the initial
concentration of NH4HCO; of 1.0 mol/L, solution pH
values of 7.0—7.5, reaction temperature of 25 °C,
reaction time of 4 h), the effects of NH,HCO; amount on
the metals precipitation rates and manganese grade of
product were examined with the results shown in Fig. 3.
Figure 3 illustrates that an increase of NH,HCO;
amount from 100% to 130% of the theoretical dose
significantly promotes the carbonate precipitation of Mn,
Ca and Mg. When the NH/HCO; amount equals the
theoretical dose, the Mn precipitated in the carbonate
deposition process is only 86.99% because a certain
amount of carbonate ions in solution can be consumed by
Ca’" and Mg”" ions. When the NH;HCO; amount rises to
110% of the theoretical dose, the precipitation rate of Mn
reaches 98.13% and the precipitation rates of Ca and Mg
are 10.10% and 4.29%, respectively. Then, with
increasing the NH;HCO; amount from 110% to 130% of
the theoretical dose, the precipitation rate of Mn nearly
reaches a high platform while the precipitation rates of
Ca and Mg augment markedly from 10.10% and 4.29%
to 24.15% and 13.30%, respectively. That is a result of
great excess bicarbonate ions accelerating the deposition
of Ca*" and Mg*" ions. Moreover, Fig. 3 also suggests
that the more the NH;HCO; amount is, the higher
the precipitation rates of Ca and Mg are and the lower
/ 4 — Mn precipitation rate
80 = — (Ca precipitation rate

e — Mg precipitation rate
v — Mn grade of product
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Fig. 3 Effect of NH;HCO; amount on carbonate precipitation

the manganese grade of carbonate product is. Therefore,
in order to precipitate Mn®" in solution as completely as
possible and minimize the co-precipitation of Ca*" and
Mg®" ions, the optimal NH;HCO; amount should be
110% of the theoretical dose.

4.4 Effect of reaction temperature

To optimize the effect of reaction temperature on
the carbonate precipitation, the tests at different
temperatures were carried out by keeping other
conditions the same (the initial concentration of
NH,HCO; of 1.0 mol/L, NH;HCO; amount of 110% of
the theoretical dose, solution pH values of 7.0-7.5,
reaction time of 4 h). The results are shown in Fig. 4.

80f 4 — Mn precipitation rate
= — (Ca precipitation rate
e — Mg precipitation rate
60 v — Mn grade of product

ot — T

25 30 35 40 45 50 55 60 65

Reaction temperature/°C

20+

Precipitation rate and Mn grade/%

Fig. 4 Effect of reaction temperature on carbonate precipitation

As shown in Fig. 4, with the reaction temperature
rising from 25 to 40 °C, the Mn precipitation rate
increases slightly from 98.13% to 99.53% and the Mn
grade of carbonate product rises from 44.18% to 44.67%,
but the precipitation rates of Ca and Mg decrease
significantly from 10.10% and 4.29% to 6.33% and
1.72%, respectively. It suggests that an appropriate
increase of reaction temperature is beneficial to reducing
the co-precipitation of Ca and Mg. However, with
continuing to raise temperature from 40 to 60 °C, the
precipitation rates of Ca and Mg have an upward trend,
and conversely, that of Mn shows a significant
downward trend. Apparently, at higher reaction
temperatures, the solubility of carbonic acid in solution
becomes lower and the decomposition of ammonium
bicarbonate performs faster. Consequently, the carbonate
ions amount in solution at 60 °C is insufficient to deposit
most of Mn>" ions. Thus, taking selective carbonate
precipitation into consideration, the optimal reaction
temperature should be 40 °C.

4.5 Effect of reaction time
Fixing the initial concentration of NH4HCO; at
1.0 mol/L, NH;HCO; amount at 110% of the theoretical
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dose, solution pH values at 7.0—7.5 and temperature at
40 °C, the effect of reaction time on carbonate
precipitation was studied and is shown in Fig. 5.

100 2
X
E 4 — Mn precipitation rate
g 801 = — (Ca precipitation rate
oh e — Mg precipitation rate
§ v — Mn grade of product
ko) 60
8
8 I
8 40 L
=
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=
& 207
Q
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Reaction time/h

Fig. 5 Effect of reaction time on carbonate precipitation

Figure 5 demonstrates that the precipitation rate of
Mn augments sharply from 76.68% to 99.79% with
prolonging the reaction time from 2 to 4 h. Although the
precipitation rates of Ca and Mg at 2, 3 and 4 h are
almost the same, the precipitation rates of Mn at 3 and
4 h are above 91% while the precipitation rate of Mn at
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2 h is only 76.68%. Furthermore, when the reaction time
exceeds 4 h, the precipitation rate of Mn becomes almost
independent of the reaction time while the precipitation
rates of Ca and Mg start to rise, and this gradually
influences the Mn grade of carbonate product.

As we know, the growth process of crystals includes
an initial nucleating stage and a subsequent crystal
growth process. The crystal growth stage strongly
governs the final architecture of the crystals through the
delicate balance between the kinetic growth and
thermodynamic growth regimes [27]. Based on the
precipitation rates of Mn?", Ca*" and Mg®" at different
reaction time, the products prepared by crystallizing for
3 and 4 h were characterized by scanning electron
microscopy (SEM).

Figures 6(a) and (b) show the SEM images of
manganese carbonate products obtained at 3 and 4 h,
respectively. The manganese carbonate product obtained
by crystallizing for 3 h seems coarse and fuzzy. It could
be attributed to the lack of crystallization time and the
immature of crystal growth. However, the product
obtained by crystallizing for 4 h has a smooth
morphology, indicating that 4 h is sufficient to
accomplish the total crystallization process. Therefore,
the most favorable reaction time is 4 h, corresponding

Element w/% x/%
C 13.78 28.58
(0] 29.29 45.60
Mn 56.93 25.81
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Fig. 6 SEM images of manganese carbonate product prepared by crystallizing for 3 h (a) and 4 h (b), EDX image (c) and XRD

pattern (d) of final product
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to precipitation rates of 99.79% for Mn, 5.30% for Ca
and 1.38% for Mg and manganese grade of 44.62% in
product.

4.6 Reproducibility tests under optimum conditions

Based on the above test results, the optimized
processing conditions of carbonate precipitation are
considered as the initial NHsHCO; concentration of
1.0 mol/L, solution pH values of 7.0-7.5, feeding
method of adding MnSO, solution to NH;HCOj; solution,
reaction temperature of 40 °C, reaction time of 4 h. In
order to further examine the reproducibility of the test
results, repeated tests of carbonate precipitation were
conducted under the optimum conditions. The results are
shown in Table 3, which indicates that the reproducibility
of test results is good and satisfactory. Table 3 also
shows that the average precipitation rates of Mn, Ca and
Mg are 99.75%, 5.62% and 1.43%, respectively.

Table 3 Results of repeated tests under optimum conditions

Precipitation Metal content in product
Item rate/% (mass fraction)/%

Mn Ca Mg Mn Ca Mg
99.79 530 1.38 44.62  0.25 0.08
99.80 5.51 1.35 4458 026  0.08
99.72 572 143 44.60 027  0.08

4 99.70 593 1.55 4459  0.28 0.09
Average 99.75 5.62 143 44.60 027  0.08

W N =

4.7 Identification of manganese carbonate product

The prepared manganese carbonate product under
the optimum conditions was analyzed chemically with
the quality of product shown in Table 4, which indicates
that the product conforms to the III grade standard of
HG/T 2836—2011. Moreover, the generated product
under the optimum conditions was also characterized by
EDX and XRD for evaluating its composition and purity.
The EDX image (Fig. 6(c)) shows that the product is
pure manganese carbonate. Besides, all the diffraction
peaks in the XRD pattern (Fig. 6(d)) can be perfectly
indexed to the rhombohedral structure of MnCQOj; from
JPCDS card 83—1763.

Table 4 Quality of manganese carbonate product prepared
under optimum conditions (mass fraction, %)

Item Mn Cl S0, Sio, Al

Standard >44 <0.02 <0.30 <0.02 <0.02

Product 44.62 0.01 0.30 0.01 0.0004
Item K Na Ca Mg Pb
Standard ~ <0.01 <0.02 <030 <0.10 <0.01
Product  0.0002 0.0002  0.25 0.08 0.0001

5 Conclusions

1) Ammonium bicarbonate was used to effectively
precipitate manganese from sulfate solutions, due to its
low price, reaction process of being easy to control and
not introducing impurities except ammonium ions.
Moreover, with ammonium bicarbonate and ammonia
water as the precipitant and pH regulator, respectively,
carbonate precipitation method has a significant
advantage that manganese carbonate is obtained as a
main product, meanwhile, the byproduct of ammonium
sulfate solution containing Ca and Mg is also obtained
for the production of ammonium fertilizer. Besides,
carbonate precipitation offers better selectivity for
manganese  over magnesium  than  hydroxide
precipitation.

2) The process of carbonate precipitation can be
affected by the initial concentration of ammonium
bicarbonate, solution pH value, feeding methods,
reaction temperature and time. The optimum conditions
of carbonate precipitation are determined as the feeding
method of adding MnSO, solution to NH;HCOj; solution,
initial NHsHCO; concentration of 1.0 mol/L, NH,HCO;
amount of 110% of the theoretical dose, solution pH
values of 7.0—7.5, reaction temperature of 40 °C and
time of 4 h. The precipitation rates of Mn>", Ca*" and
Mg®" under the optimal conditions are 99.75%, 5.62%
and 1.43%, respectively.

3) The prepared manganese carbonate product
contains 44.62% Mn, 0.25% Ca and 0.08% Mg and
conforms to the III grade standard of HG/T 2836—2011.
This separation process would be promising to recover
manganese from sulfate solution containing calcium and
magnesium due to high recovery of manganese, good
availability and simplicity of operation.
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