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Abstract: With the continuous development of society, the number of spent lithium-ion batteries
has also increased, and the recovery of valuable metals such as Ni, Co, and Li has become the main
research direction of many scholars. In this paper, the extraction process of lithium that enters the
molten salt after LiCoO2 electrolysis is studied. Oxalic acid and phosphate are added to molten salt
containing lithium ions to realize the two-part precipitation method to extract lithium. The influence
of pH value, temperature, reaction time, and oxalic acid (or phosphate) addition on the process of
oxalic acid calcium removal and phosphate lithium precipitation is analyzed. The results show that
the calcium removal rate of oxalic acid has reached 99.72% (Initial conditions: PH = 7.0, T = 70 ◦C,
t = 1.5 h, n(H2C2O4):n(Ca2+) = 1.2:1). The precipitation of Li3PO4 obtained in the phosphate extraction
experiment of lithium is as high as 88.44% (Initial conditions: PH = 8.0, T = 70 ◦C, t = 1.5 h, n(actual
dosage of Na3PO4):n(theoretical dosage of Na3PO4) = 1.2:1). The obtained lithium phosphate crystals
show regular spherical particles, which can be seen by SEM.

Keywords: lithium cobalt oxide battery; molten salt electrolysis; oxalate removal of calcium; phos-
phoric acid to de-deposit lithium

1. Introduction

Due to its excellent properties including its high energy density, long cycle life,
low self-discharge, and lack of memory effect, lithium-ion batteries are widely used in
portable electronic products, hybrid electric vehicles, and large-scale energy storage [1–3].
With the increase in the application of lithium batteries, it is estimated that the output
value of lithium batteries will be close to 139.36 billion U.S. dollars by 2026 [4]. There are
many types of lithium-ion batteries, such as lithium cobalt oxide batteries [5], lithium iron
phosphate batteries [6], ternary material lithium batteries [7], etc. Lithium-ion batteries
contain more metal elements such as Co, Ni, Mn, Li, Fe, and the most widely used lithium
cobalt oxide batteries contain up to 20% and 3% of Co and Li. However, the cobalt and
lithium content in most cobalt-containing ores in nature is only 0.01~0.20%. The cost of
cobalt smelting is high, and in our country cobalt resources are poor, so the cobalt materials
needed for industrial production need to be imported in large quantities [8].

There have always been many problems and difficulties related to the recycling of
spent lithium batteries. At this stage, the recycling of resources in spent lithium batteries is
not perfect, causing waste of resources and polluting the environment. Compared with
natural resources, the grade of lithium in spent lithium batteries is higher than brine and
ore, which has a high recovery value [9]. Therefore, while recovering Co, Ni and other
metals, the recovery of Li cannot be ignored. The use of molten salt electrolysis to recover
valuable metals in the cathode materials of spent lithium batteries can not only recover
metals such as Co and Ni, but Li in the cathode materials also enters the molten salt. After
many electrolysis experiments, Lithium is enriched in molten salt and then extracted by a
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wet method. The method of molten salt electrolysis combined with wet process recovery
can realize one-step recovery of Co, Ni, and other metals, while simultaneously achieving
the enrichment of Li [10,11]. This paper mainly studies the problem of lithium extraction in
the process of preparing metallic cobalt by electrolysis of LiCoO2 in molten salt. During the
electrolysis process, cobalt is attached to the electrode rod in the form of metal, and lithium
enters the molten salt. We employ a two-step precipitation method to recover lithium ions
in molten salt. First, oxalic acid is added to the molten salt powder containing lithium
ions to remove calcium, and phosphate is added to the obtained upper lithium-containing
filtrate. Finally a lithium phosphate precipitate is obtained. We then analyze the factors
affecting lithium extraction and optimize the process conditions for lithium extraction.

2. Materials and Methods
2.1. Two-Electrode Electrolysis Is Used to Achieve the Extraction of Cobalt in LiCoO2

Polished and smooth high-purity graphite sheet (99.99%, 20 mm × 5 mm × 100 mm)
is used as the anode. 1.0 g of LiCoO2 powders were pressed into a sheet with a diameter of
about 15 mm and a thickness of about 2 mm, which was sintered at 700 ◦C to prepare a
cathode. The whole process is carried out in an argon atmosphere. n(NaCl):n(CaCl2) = 1:1
is weighed 150 g and put it into a corundum crucible. The crucible containing the molten
salt is placed in the tubular resistance furnace and heated to 750 ◦C under the protection
of high-purity argon. Then put the two electrodes into the furnace and apply a certain
voltage. The cathode is electrolyzed at a constant cell voltage of 1.3 V, 12 h and then taken
out, cleaned and dried with ultrasonic waves. Finally, the corresponding phase detection
of the cathode product and molten salt is carried out.

2.2. Calcium Removal Experiment by Oxalic Acid Precipitation Method

The raw material used in the experiment is molten salt, which is deoxidized by the above-
mentioned 1.3 V, 12 h electrolytic lithium battery cathode material. In order to ensure that
the subsequent lithium ion precipitation effect is obvious and reduce the experimental error,
the molten salt after six electrolysis experiments is used as the sample to be tested. Blocked
molten salt after cooling is placed in a planetary ball mill and ground at a speed of 170 r·min−1

for 10 h, then the ground powders are placed in a vacuum drying oven and dry at 250 ◦C for
48 h. 5 g of the dried molten salt powder is weighed, dissolved in 50 mL of deionized water,
and then left to stand for a certain period. Then, the supernatant is taken to different beakers.
The beakers are placed in a constant temperature water bath at different temperatures (50 ◦C,
60 ◦C, 70 ◦C, 80 ◦C, 90 ◦C) and stir for 200 r·min−1. Then, the oxalic acid is added to the
corresponding beaker with n(H2C2O4):n(Ca2+) = (1.0:1, 1.1:1, 1.2:1, 1.3:1, 1.4:1). After reacting
for a certain period of time (0.5~2.5 h), filter, the content of Ca2+ in the filtrate and the amount
of calcium oxalate solid precipitation is determined. The content of residual calcium ions in
the solution is determined by titration. First, the pH of the solution to be tested is adjusted to
no less than 12, and the masking agent triethanolamine is added to mask the metal ions such
as Li+ and Fe3+. Then, calcium red indicator is added until the solution becomes wine red,
and then EDTA disodium solution is added until the solution changes from wine red to bright
blue. Finally, the EDTA disodium titration is recorded [12,13]. The calcium ion content is
calculated according to the following Formula (1).

C(Ca2+) = M · a× 40.08× 1000/V (1)

M—Molar concentration of EDTA standard solution, mol/L; a—Titrate the volume of
EDTA standard solution, mL; V—Volume of solution in beaker, mL; 40.08—Relative atomic
weight of calcium.

Calculate the precipitation rate of calcium and lithium ions in the solution as shown
in Formula (2).

Pe = (C0 − C1)/C0 × 100% (2)
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Pe—Ion precipitation rate, %; C0—The mass concentration of calcium (or lithium) ions
in the solution before treatment, mg/L; C1—The mass concentration of calcium (or lithium)
ions in the solution after treatment, mg/L.

2.3. Phosphate Precipitation Method for Lithium Recovery Experiment

The lithium-containing filtrate obtained by removing calcium from oxalic acid under
the optimal conditions is placed in a 100 mL beaker, and the beaker is placed in a constant
temperature water bath, the molar ratio of n(Na3PO4):n(Li+) (1.0:1, 1.1:1, 1.2:1, 1.3:1, 1.4:1),
weigh the corresponding Na3PO4 into the corresponding beaker, then adjust the pH value to
6.0~10 with dilute hydrochloric acid and NaOH, and stirred at a constant speed of 200 r·min−1

at 50~90 ◦C, after reacting for 1.5 h, the amount of filtered solid precipitation was measured.
The schematic diagram from molten salt electrolysis to two-step lithium extraction is shown in
Figure 1.
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Figure 1. Schematic diagram of two-step lithium extraction.

2.4. Characterization Equipment

The content of residual calcium ions in the solution is determined by titration. Besides,
the ion content in the solution before and after oxalic acid (or phosphate) treatment by an
inductively coupled plasma atomic emission spectrometer (ICP-AES, Waltham, MA, USA).
The phase of the product was analyzed by Noran7 X-ray diffractometer (XRD, Rigaku
D/MAX2500PC, Tokyo, Japan). The morphology and element distribution of the particle
surface of the experimental sample were analyzed by scanning electron microscope-energy
spectroscopy (SEM-EDS, JEOL JEM-2800F, Tokyo, Japan).

3. Results

Figure 2 shows the XRD pattern of the electrolysis product and the molten salt after
electrolysis. The cathode product of electrolysis at 1.3 V for 12 h is cobalt, which indicates
that it is feasible to recover the metal Co in LiCoO2 by molten salt electrolysis. The presence
of LiCl in the molten salt indicates that the lithium ions in LiCoO2 have entered the molten
salt. Table 1 shows the ICP of a solution prepared by adding water to molten salt powder
containing lithium ions. It shows that the solution contains a large amount of calcium ions
and a small amount of lithium ions.

Table 1. Analyze the composition of the solution before oxalic acid treatment.

Elements Ca Li

Content (mg/L) 21,040.6 277
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Figure 2. The XRD pattern of the electrolysis product of LiCoO2 in CaCl2–NaCl molten salt at 750 ◦C and the molten salt
near the electrode: (a) molten salt near the cathode after electrolysis; (b) LiCoO2 electrolysis product.

3.1. Study on Calcium Removal by Oxalic Acid Precipitation

Calcium removal by oxalic acid precipitation means that calcium metal ions undergo
a chemical reaction and precipitate under the action of an oxalic acid precipitant, and the
reaction is Formula (3).

H2C2O4 + CaCl2= CaC2O4 ↓ +2HCl(g) (3)

The reaction and precipitation process can be realized under the combined action of
factors such as pH value, temperature, time, and reactant concentration.

3.1.1. The Effect of Oxalic Acid Addition on Calcium Precipitation Rate

It can be seen from Figure 3 that when the initial pH value is 7.0, the reaction temper-
ature is 50 ◦C, and the stirring rate is 200 r·min−1. As the ratio of n(H2C2O4):n(Ca2+) in-
creases, the removal rate of Ca2+ gradually increases, n(H2C2O4):n(Ca2+) = 1.2:1,
the removal rate of Ca2+ is 93.23%.
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During the precipitation reaction, the amount of precipitant added is a very important
factor. Increasing the amount of precipitant added can significantly increase the precip-
itation rate of calcium oxalate. Analysis shows that under the same conditions of Ca2+

concentration, increasing the amount of oxalic acid will increase the amount of C2O4
2−

produced by its ionization, thereby increasing the precipitation. Due to the same ion effect,
the increase of the amount of C2O4

2− is also conducive to the precipitation-dissolution
balance of calcium oxalate Move to the left to reduce its solubility. Therefore, as the molar
ratio of reactants increases, the precipitation rate of calcium will increase.

According to the relationship between the total concentration of Ca2+, {Ca}T and
pH value at different {C2O4}T concentrations [10], when pH < 0.8, as {C2O4}T increases,
the {Ca}T in the solution decreases. The pH of the solution in the middle of the experi-
mental reaction and after the reaction was tested, and it was found that the pH was less
than 0.5. The experimental results show that as the ratio of n(H2C2O4):n(Ca2+) increases,
the removal rate of calcium ions gradually increases.

3.1.2. The Effect of Reaction Time on Calcium Precipitation Rate

Figure 4 shows that the concentration of residual Ca2+ in the solution gradually de-
creases with the extension of the reaction time (The initial conditions are PH = 7.0, T = 50 ◦C,
stirring rate = 200 r·min−1, n(H2C2O4):n(Ca2+) = 1.2:1). After 1.5 h, the concentration of
Ca2+ in the solution is stable. With the increase of the reaction time, the precipitation reac-
tion tends to be sufficient, and the precipitation of stable crystal forms gradually increases.
But when the reaction time is long enough, the reaction reaches an equilibrium state, and if
the time is extended, the concentration of Ca2+ in the solution will not change. The process
of calcium oxalate precipitation is a process in which calcium oxalate precipitates crystal
grains from the calcium-containing solution and grows up. When calcium oxalate particles
are formed, some of them will stick together to form stable agglomerates, and some smaller
particles will grow on the surface of larger particles, increasing the particle size.

Crystals 2021, 11, x FOR PEER REVIEW 5 of 14 
 

 

the precipitation rate of calcium oxalate. Analysis shows that under the same conditions 
of Ca2+ concentration, increasing the amount of oxalic acid will increase the amount of 
C2O42− produced by its ionization, thereby increasing the precipitation. Due to the same 
ion effect, the increase of the amount of C2O42− is also conducive to the precipitation-
dissolution balance of calcium oxalate Move to the left to reduce its solubility. Therefore, 
as the molar ratio of reactants increases, the precipitation rate of calcium will increase. 

According to the relationship between the total concentration of Ca2+, {Ca}T and pH 
value at different {C2O4}T concentrations [10], when pH < 0.8, as {C2O4}T increases, the 
{Ca}T in the solution decreases. The pH of the solution in the middle of the experimental 
reaction and after the reaction was tested, and it was found that the pH was less than 
0.5. The experimental results show that as the ratio of n(H2C2O4):n(Ca2+) increases, the 
removal rate of calcium ions gradually increases. 

3.1.2. The Effect of Reaction Time on Calcium Precipitation Rate 
Figure 4 shows that the concentration of residual Ca2+ in the solution gradually 

decreases with the extension of the reaction time (The initial conditions are PH = 7.0, T = 
50 °C, stirring rate = 200 r∙min−1, n(H2C2O4):n(Ca2+) = 1.2:1). After 1.5 h, the concentration 
of Ca2+ in the solution is stable. With the increase of the reaction time, the precipitation 
reaction tends to be sufficient, and the precipitation of stable crystal forms gradually 
increases. But when the reaction time is long enough, the reaction reaches an 
equilibrium state, and if the time is extended, the concentration of Ca2+ in the solution 
will not change. The process of calcium oxalate precipitation is a process in which 
calcium oxalate precipitates crystal grains from the calcium-containing solution and 
grows up. When calcium oxalate particles are formed, some of them will stick together 
to form stable agglomerates, and some smaller particles will grow on the surface of 
larger particles, increasing the particle size. 

 
Figure 4. The relationship between reaction time and Ca2+ removal rate. 

3.1.3. The Effect of Reaction Temperature on Calcium Precipitation Rate 
When the pH is 7.0, n(H2C2O4):n(Ca2+) = 1.2:1, the reaction time is 1.5 h, and the 

stirring rate is 200 r∙min−1, the relationship between the reaction temperature and the 
calcium precipitation rate is shown in Figure 5. The calcium precipitation rate first 
increases and then decreases with the increase of the reaction temperature, and reaches 
the highest when the reaction temperature is 70 °C. As the reaction temperature 
continues to increase, the precipitation rate will decrease. This is due to the fact that the 
increase in the reaction temperature increases the solubility of calcium oxalate, resulting 

Figure 4. The relationship between reaction time and Ca2+ removal rate.

3.1.3. The Effect of Reaction Temperature on Calcium Precipitation Rate

When the pH is 7.0, n(H2C2O4):n(Ca2+) = 1.2:1, the reaction time is 1.5 h, and the
stirring rate is 200 r·min−1, the relationship between the reaction temperature and the
calcium precipitation rate is shown in Figure 5. The calcium precipitation rate first increases
and then decreases with the increase of the reaction temperature, and reaches the highest
when the reaction temperature is 70 ◦C. As the reaction temperature continues to increase,
the precipitation rate will decrease. This is due to the fact that the increase in the reaction
temperature increases the solubility of calcium oxalate, resulting in a decrease in the
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calcium precipitation rate. The formation of HCl in the process of removing calcium
from oxalic acid makes the pH value of the solution gradually decrease as the reaction
progresses. In acidic solutions, oxalic acid cannot be completely ionized, resulting in the
formation of H2C2O4, HC2O4

− and C2O4
2− [14], which in turn reduces the amount of Ca2+

precipitation and increases the remaining Ca2+ in the solution, which ultimately affects the
decalcification effect. In addition, the increase in temperature is beneficial to the reaction,
which speeds up the reaction rate and speeds up the rate of HCl generation. Since the HCl
generated at high temperature is too late to volatilize, it quickly reacts with the generated
CaC2O4 to regenerate CaCl2, resulting in a decrease in the efficiency of calcium removal.
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3.1.4. The Effect of NaOH on Removing Calcium from Oxalic Acid

By studying the influence of oxalic acid addition, reaction time, and reaction temperature
on the calcium precipitation rate, a high calcium removal rate was not obtained and the
removal effect was not ideal. Since the formation of the precipitate is affected by the pH of the
solution during the reaction, the HCl generated during the decalcification reaction of oxalic
acid reduces the pH of the solution during the reaction. To reduce the influence of HCl on
calcium removal, the experiment was optimized by adding NaOH to adjust the pH value.

Figure 6 shows that when n(H2C2O4):n(Ca2+) = 1.2:1, the reaction is 1.5 h, the reaction
temperature is 70 ◦C, and the stirring rate is 200 r·min−1, as NaOH and the theoretically
generated HCl in the solution As the molar ratio increases, the removal rate of Ca2+

gradually increases to a certain level and then stabilizes. When the molar ratio of NaOH to
the theoretically generated HCl in the solution is 0.7:1, the removal rate of Ca2+ is 99.72%.
With the increase of the amount of NaOH added, the pH of the solution increases. As the
pH increases, the oxalic acid ionization is complete, and the concentration of C2O4

2− in
the solution increases, resulting in a decrease in the concentration of remaining Ca2+ in the
solution and an increase in the removal rate of calcium. From the distribution of Ca2+ in
the Ca2+-C2O4

2−-Cl-H2O system [15], the main forms of calcium in the solution are free
Ca2+, Cam(HC2O4)n

2m−n, and Cam(C2O4)n
2m−2n. With the increase of pH value, the ratio

of Cam(C2O4)n
2m−2 rises rapidly. When pH > 3, the ratio of Cam(C2O4) n2m−2 gradually

stabilizes. And when pH > 2.7, Ca2+ in the solution is mainly in the Cam(C2O4) n2m−2n

state. Therefore, when NaOH is not added, the solution is in a low pH environment during
the reaction process, resulting in freer Ca2+, so the removal rate of calcium ions in a low
pH environment is not high; After adding NaOH, the Ca2+ in the solution is mainly in the
Cam(C2O4)n

2m−2n state, and the calcium removal rate is improved.
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Table 2 shows the results of ICP in the remaining solution after removing the calcium
oxalate precipitation (under conditions: 200 r·min−1, 70 ◦C, 1.5 h, n(H2C2O4): n(Ca2+) = 1.2:1,
n(NaOH):n(theoretically generated HCl) = 0.7:1). It demonstrates that after treatment with oxalic
acid and NaOH, most of the calcium ions form calcium oxalate precipitates. The calcium ion
content in the solution decreased from 21,040.6 mg/L to 58.91 mg/L. As a small part of lithium
ions are mixed into the calcium oxalate precipitate, the content of lithium ions is slightly reduced.

Table 2. Analyze the composition of the solution after oxalic acid and NaOH treatment.

Elements Ca Li

Content (mg/L) 58.91 262.43

Figure 7 shows that the precipitate is a relatively pure crystal of calcium oxalate,
and its particles are observed to have an irregular geometric block structure with a size
between 0.3 and 2 µm. Figure 7a shows that some smaller particles grow on the surface
of larger particles, and agglomerate through the growth of these small particles to form
stable agglomerates, thereby increasing the particle size. The analysis of the particles (point
A) about 2 µm shows that the atomic percentages of Ca, C, and O are 5.48%, 38.86%,
and 55.66%, and the mass percentages are 14.55%, 41.17%, and 44.28%, respectively.
In Figure 7c–e are the results of particle surface scanning. The distribution of calcium
and oxygen is more uniform, and the distribution of carbon is more concentrated in the
upper part.

3.2. Research on the Recovery of Lithium by Phosphate Precipitation Method

The solution after precipitation by calcium oxalate contains lithium ion, and a pre-
cipitate is formed by adding Na3PO4 and LiCl to the solution, as shown in reaction (4).
In this process, the main influencing factors of the reaction are the pH value of the solution,
the reaction temperature and the amount of trisodium phosphate added. By studying the
influence of several factors on the lithium precipitation rate, a better lithium precipitation
condition is found.

Na3PO4+3LiCl = Li3PO4 ↓ +3NaCl (4)
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Figure 7. Characterization of the product calcium oxalate: (a) SEM of calcium oxalate, (b) calcium
oxalate A point EDS analysis, (c) calcium element distribution in calcium oxalate, (d) oxygen element
distribution in calcium oxalate, (e) carbon element distribution in calcium oxalate, and (f) XRD of
the final calcium oxalate obtained under corresponding conditions (The conditions are: 200 r·min−1,
70 ◦C, 1.5 h, n(H2C2O4):n(Ca2+) = 1.2:1, n(NaOH):n(theoretically generated HCl) = 0.7:1).

3.2.1. The Influence of pH on Lithium Precipitation Rate

Weigh the corresponding Na3PO4 when the molar ratio of the actual amount of
Na3PO4 to the theoretical amount is 1:1, and then add it to the beaker containing the lithium-
containing solution after decalcification. Carry out the lithium precipitation experiment
under the condition of stirring rate of 200 r·min−1 at room temperature. Figure 8 shows
that the lithium precipitation rate increases with the increase of pH. This is due to the fact
that under acidic conditions, H+ and PO4

3− produce HPO4
2− and H2PO4

−, and then Li+

and HPO4
2− and H2PO4

− produce Li2HPO4 and LiH2PO4, and Li2HPO4 and LiH2PO4
are more soluble in water and part of Li+ dissolves in solution. In this way, it affects the
recovery rate of lithium. When the reaction pH > 8, the reaction reaches equilibrium and
the lithium precipitation rate in the solution tends to be stable.
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3.2.2. The Influence of Reaction Temperature on Lithium Precipitation Rate

Adjusting the pH value of the solution to 8 can increase the precipitation rate of Li,
and inhibit the hydrolysis of trisodium phosphate. When the molar ratio of the actual
amount of Na3PO4 to the theoretical amount is 1:1, the effect of the reaction temperature
on the lithium precipitation rate is shown in Figure 9. When the reaction temperature is
70 ◦C, the precipitation rate of Li+ has reached 86.57%. This result shows that the higher the
temperature, the more favorable the Na3PO4 precipitation of lithium. Table 3 shows that the
Gibbs free energy of the reaction does not change significantly as the temperature increases,
so the increase in the amount of lithium-ion precipitation is attributed to molecules obtain
higher energy as the temperature increases, and the frequency of intermolecular collisions
increases. The collisions cause more activated molecules to participate in the reaction
and accelerate the reaction rate, promoting the progress of the reaction. As the reaction
temperature continues to increase, the amount of lithium precipitation tends to balance.
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Table 3. The Gibbs Free Energy Change of the Reaction of Na3PO4 and LiCl at 50–100 ◦C (by HSC
Chemistry 6.0 software (Outokumpu, France)).

T/◦C ∆GΘ/kJ

50 −177.084
60 −176.775
70 −176.465
80 −176.153
90 −175.839

3.2.3. The Effect of Trisodium Phosphate Addition on Lithium Precipitation Rate

According to formula (4), the increase of the PO4
3− concentration in the solution

facilitates the reaction to increase the production of Li3PO4. Figure 10 shows that the
precipitation rate of lithium ions increases significantly with the increase in the molar
ratio of the actual dosage of Na3PO4 to the theoretical dosage under the conditions of
pH = 8.0, 70 ◦C and stirring rate 200 r·min−1. When the actual dosage of Na3PO4 to
the theoretical dosage ratio exceeds 1.2, the lithium-ion precipitation rate is basically
unchanged. Under the same lithium-ion concentration condition, increasing the amount of
trisodium phosphate will result in the increase of PO4

3− produced by its ionization, and
the more precipitation will be produced.
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Figure 10. The influence of the molar ratio of the actual dosage and the theoretical dosage of trisodium
phosphate on the recovery rate of Li+.

Table 4 shows the results of ICP in the remaining solution after removing the precipitate
(under conditions: 200 r·min−1, 70 ◦C, 1.5 h, PH = 8, n(actual dosage of Na3PO4):n(theoretical
dosage of Na3PO4) = 1.2:1). It can be seen from Table 4 that the content of lithium ions in
the solution is greatly reduced to 30.337 mg/L. A small amount of lithium ions remain in the
solution, and the remaining lithium ions and phosphate form a lithium phosphate precipitate.

Table 4. Content of solution composition after precipitation of lithium phosphate.

Elements Ca Li

Content (mg/L) 58.91 30.337

Figure 11 is the characterization of lithium phosphate precipitation. It can be seen
that the precipitate is a relatively pure lithium phosphate crystal. The obtained lithium
phosphate is relatively regular spherical particles, the diameter of the large particles is
about 4 µm, and the diameter of the small particles is about 0.7 µm. Figure 11a shows
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that some smaller lithium phosphate particles grow on the surface of the larger lithium
phosphate particles. The growth and agglomeration of small particles increase the size
of lithium phosphate particles. The atomic percentages of P and O in the large particles
(point A) are 20.79% and 79.21%, respectively, and the mass percentages are 33.69% and
66.31%, respectively. Figure 11c,d show the distribution of elements. The results show that
the distribution of phosphorus and oxygen is relatively uniform. Since the corresponding
energy in the X-ray spectrum of Li is too small, it cannot be detected by EDS.
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Figure 11. Characterization of phosphate precipitated lithium products: (a) electron micrograph of
lithium phosphate; (b) EDS analysis of lithium phosphate A point; (c) phosphorus element distribution
in lithium phosphate; (d) oxygen element distribution in lithium phosphate; and (e) XRD of the final
lithium phosphate obtained under corresponding conditions (The conditions are: 200 r·min−1, 70 ◦C,
1.5 h, PH = 8, n(actual dosage of Na3PO4):n(theoretical dosage of Na3PO4) = 1.2:1).

4. Conclusions

Two-step precipitation and extraction of lithium from the molten salt after electrolysis
of LiCoO2 were carried out, and the influence of factors such as pH, temperature, time,
and reactant concentration on the precipitation reaction in the process of removing calcium
from oxalic acid was obtained. And in the process of phosphate lithium precipitation,
the pH value, temperature, and the addition amount of trisodium phosphate affect the
lithium precipitation rate. At the same time, the two-step precipitation product was
characterized, and the following conclusions were drawn:
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(1) When oxalic acid precipitates and removes calcium ions in the solution, the stir-
ring rate is 200 r·min−1, the pH is 7.0, the reaction temperature is 50 ◦C, and the
concentration ratio of calcium oxalate to calcium ions in the solution is changed
n(H2C2O4):n(Ca2+); when the ratio increases from 1.0 to 1.1, the removal rate of cal-
cium increases, and when it is greater than 1.1, the precipitation rate tends to balance;
when the pH is 7.0, the reaction temperature is 50 ◦C, and n(H2C2O4):n(Ca2+) = 1.2:1,
the calcium oxalate precipitation reaction increases significantly with time when it
is less than 1.5 h, and tends to balance after more than 1.5 h; When the pH is 7.0,
n(H2C2O4):n(Ca2+) = 1.2:1, and the reaction time is 1.5 h, as the reaction temperature
increases, the precipitation rate of calcium oxalate increases and then decreases, reach-
ing a peak at 70 ◦C; by adjusting the pH value of the solution, under the conditions
of n(H2C2O4):n(Ca2+) = 1.2:1, the reaction time is 1.5 h, the reaction temperature is
70, and the molar ratio of NaOH to theoretically generated HCl is 0.7:1, the calcium
removal rate of oxalic acid reaches 99.72%. Calcium oxalate particles are irregular
geometric block structure, the size is between 0.3~2 µm.

(2) During the phosphate precipitation process, under the condition of a stirring rate of
200 r·min−1, the precipitation of lithium phosphate increases with the increase of the
pH value of the solution. When the reaction pH > 8, the precipitation rate tends to
balance; When the pH value is 8 and the molar ratio of the actual amount of trisodium
phosphate to the theoretical amount is 1.2:1, the precipitation rate of lithium phosphate is
proportional to the temperature, and tends to balance after reaching 70 ◦C; The reaction
reached equilibrium. Under the conditions that the reaction time was 1.5 h, the solution
pH = 8, the reaction temperature was 70 ◦C, and the molar ratio of the actual amount of
trisodium phosphate to the theoretical amount was 1.2:1, the precipitation rate of lithium
reached 88.44%. Lithium phosphate precipitates as relatively pure lithium phosphate
crystals, which are relatively regular spherical particles.
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