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Abstract: The traditional preparation process of fluozirconic acid is carried out in a reaction kettle, 
where zirconium oxide reacts with concentrated hot hydrofluoric acid. However, the use of 
concentrated hot hydrofluoric acid leads to high process and equipment costs, severe environmental 
pollution, significant safety hazards. Moreover, the purity of the original solution after dissolution is 
low, and the phase composition is complex. In this paper, a preparation method for fluozirconic acid 
solution with controllable phase composition is studied. This is a dissolution method that using 99.8% 
purity sponge zirconium and 8N purity hydrofluoric acid of medium concentration as raw materials 
under normal temperature and pressure. The optimal dissolution process was determined 
experimentally as a hydrofluoric acid concentration of 35% and a liquid-solid ratio of 5 mL·g⁻¹. Under 
these conditions, the HZrF5 phase content in the solution reached its maximum, thereby creating 
favorable conditions for the subsequent hydrometallurgical preparation of high purity zirconium 
tetrafluoride (ZrF4), creating conditions for the subsequent preparation of high purity zirconium 
tetrafluoride through hydrometallurgy. At the same time, this paper also conducts certain 
explorations on the phase characterization of the solution. 

Keywords: fluozirconic acid; zirconium fluoride; hydrofluoric acid; sponge zirconium; liquid-solid 
ratio; concentration 
 

1. Introduction 

Zirconium is widely used in the nuclear industry because of its small thermal neutron absorption 
cross-sectional area and good corrosion resistance [1]. With the successful development of the new 
generation of molten salt nuclear reactors, high-purity zirconium tetrafluoride (ZrF4) has also become 
an important part of molten salt reactors due to its small thermal neutron absorption cross-section, 
high heat capacity, good fluidity and thermal conductivity and stable chemical properties [2–5]. 

However, due to the limitations of its use environment, in order to reduce neutron losses and 
thermal corrosion of pipelines, the requirements for impurities in zirconium tetrafluoride are also 
very strict, especially for neutron absorbing materials such as hafnium and cadmium [6–8]. Therefore, 
the preparation of high-purity zirconium tetrafluoride has become an inevitable trend. 

In addition to being used in the nuclear industry, high-purity ZrF4 also has great research 
potential in strong oxide fuel cells, surface thermal protection coatings for aerospace, and high-
function optical components [9–11]. In addition, high-purity zirconium fluoride is widely used in 
electrical vacuum components and instruments [12] and can also be used as a "vitamin" in the 
metallurgical industry. It is an intermediate of synthetic materials and can be used for metal surface 
treatment [13]. It is known that the addition of zirconium fluoride (IV) (ZrF4) to polymeric calcium 
phosphate cement can alter its solidification behavior. 

Existing research shows that Zr⁴⁺ and F⁻ in solution do not exist in simple combination form. 
Depending on the solution concentration, acidity and other factors, multiple cationic complexes (such 
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as ZrF²⁺, ZrF₃⁺) or anionic complexes (such as ZrF₅⁻, ZrF₆²⁻) may exist in the system at the same time, 
and their presence will change dynamically with solution conditions [14] 

Among them, anion complexes ZrF6²⁻ are formed under high ion concentration conditions, 
where zirconium acts as the central atom coordinated with six fluoride ions in an octahedral structure 
[15]. The ZrF₆²⁻ anion can form grid-like structured compounds with alkali metals (Li+, Na+, K+), 
effectively trapping these cations within the lattice interstices. As a result, these cations are 
particularly difficult to remove completely during ion exchange purification, making deep 
purification challenging to achieve. Additionally, ZrF₆²⁻ can form octahedral structures with divalent 
cations (e.g., Mn²⁺, Ni²⁺) [16], where Zr and the divalent cations alternately occupy the octahedral 
centers. Moreover, hexafluorozirconic acid has low solubility in solution and tends to form 
precipitates. 

ZrF2²⁺ and ZrF3⁺ were intermediate phases with incomplete fluorination reaction under low acid 
concentrations. When the ion exchange resin is removed from impurities, this type of substance will 
be adsorbed by the cationic exchange resin together with the cationic impurities. When the anion 
exchange resin is used to adsorb fluorozirconic acid in reverse decomposition, it will not be adsorbed, 
so it will reduce the overall yield and is not conducive to the ion exchange method to remove 
impurities. Therefore, it is necessary to control the two intermediate phases in the fluorozirconic acid 
solution as little as possible ZrF2²⁺ and ZrF3⁺. 

Therefore, during the preparation of high purity zirconium fluoride by the hydrometallurgy 
(such as ion exchange and solvent extraction), and the control of solution phase composition was 
particularly important. Selecting the process with the highest proportion of HZrF5 phase would 
facilitate impurity removal via ion exchange. This experiment explored a solution preparation 
process that was simpler, safer, had higher purity, and enabled more precise phase control compared 
to the traditional process. 

2. Materials and Methods 

2.1. Materials  

Purchasing 99.84% sponge zirconium from Beijing Xingrongyuan Technology Co., Ltd. and 
electronic-grade hydrofluoric acid from Shanghai Aladdin Biochemical Technology Co., Ltd. All 
reactions were carried out in PP (polypropylene) beakers. 

2.2. Qualitative Experiments 

The sponge zirconium acid solution experiment was performed by controlling the liquid-solid 
ratio and hydrofluoric acid concentration. However, before conducting this experiment, it was also 
necessary to determine the initial experimental conditions: the specific surface area of the sponge 
zirconium and the feeding method. Based on this, the following experiments were performed: 

2.2.1. Specific Surface Area and Passivation Phenomenon Experiment  

Cutting the sheet-shaped sponge zirconium and put it into 10 ml of 10% and 20% hydrofluoric 
acid solutions, and passivation occurred. Experimental results indicated that when the sponge 
zirconium was cut into approximately 3mm×3mm×4mm particles, it could be completely dissolved 
in a 10% and 20% concentration hydrofluoric acid solution of 10ml. 

2.2.2. Feeding Method and Reaction Intensity Experiment 

When 1g sponge zirconium can be put into 10 ml of 15% hydrofluoric acid solution at one time, 
the temperature rises, and a large number of bubbles are generated and boiled out. After experiments, 
within the range of 15%-45% acid concentration, as long as the sponge zirconium particles are put 
into five times and cooled to below 35℃ after each feeding, the maximum reaction temperature is 
below 65℃ and will not boil out. 
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2.3. Quantitative Experiments  

To ensure that the main phase in the solution is zirconium pentafluoride acid (HZrF5), the 
following calculations were performed. 

According to the standard reaction equation for HZrF5: 

Zr + 5HF = HZrF5 + H2↑[17], (1)

The molar concentrate ratio of the two is 1:5. 

MZr / MHF = 1/5, (2)

If 1g of 99.8% purity sponge zirconium (containing 97.8% Zr) is used as the solute, and 
hydrofluoric acid (HF) of varying concentrations and liquid-solid ratios is used as solvent, then the 
molar amount of metal zirconium (Zr) can be calculated as follows: 

nZr = 1 × 0.978 / 91.2 = 0.0107, (3)

Since the volumes of the solution in which the two are located is the same, then the 
corresponding molar amount of HF should be: 

nHF = nZr × 5 = 0.0535, (4)

Then according to n=m/M, the minimum HF mass is required: 

m = nHF × M = 0.0535 × 20.1 = 1.08g, (5)

Then, under different solid-liquid ratios, the theoretical minimum concentration can be derived, 
and the specific values are shown in Table 1. 

Table 1. Minimum theoretical concentrations corresponding to different liquid-solid ratio. 

Liquid-solid ratio(mL·g-1) Liquid mass(g) Minimum concentration(%) 
4 4 27 
5 5 21.6 
6 6 18 
7 7 15.5 
8 8 13.5 
9 9 12 
10 10 10.8 

 
Based on the preceding theoretical calculations, expanding the hydrofluoric acid concentration 

range, 1g of sponge zirconium sponge was reacted with hydrofluoric acid with different mass 
fractions (20%, 25%, 30%, 35%, 40%, 45%)and different liquid-solid ratios (ranging from 4mL·g-1 to 
10mL·g-1). Experiments below the theoretical concentration threshold were excluded. According to 
the qualitative experimental results, the sponge zirconium was poured in five times, and the cooling 
was reduced to 35℃ after each feeding. In order to determine whether the solution after the reaction 
is stable, the samples are sealed and left to stand for 72 hours. During this period, if the solution 
remains in a transparent, clear and stable state, it is determined that the solution are deemed to meet 
the stability criteria.  

2.4. XRD Experiments  

In this paper, a SmartLab SE X-ray diffractometer (XRD) manufactured by Rigaku Corporation 
in Japan was first used to conduct phase characterizaion of the samples. 

First, a part of samples were taken and subjected to evaporative crystallization at 45℃ to obtain 
powdered samples. Then, qualitative phase analysis was carried out. The X-ray source was operated 
at the voltage of 40 kV and 40 mA current density, using Cu-Kα radiation , λ = 0.154 μm. The 
diffraction angle was varied in the range of 5°-90° and the scanning rate was 2° per minute. 
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2.5. LC-MS Experiments 

Before analyzing the sample with LC-MS, pretreatment is first required. First, 0.5082 g of the 
sample was accurately weighed on an electronic balance and diluted 19.67-fold with ultrapure water. 
Another set of controls with water as solution was made. By comparing the LC-MS spectra of the 
blank and experimental groups, potential experimental variables were eliminated.  

Among them, the mobile phase A was a dilute aqueous ammonia solution with a concentration 
of 0.05% concentration, and the B phase was acetonitrile, with a flow rate of 0.3 mL/min. The 
separation was performed using an ACQUITY UPLC BEH C18 (91.7 μm, 50×2.1 mm) type 
chromatography column, with the injection volume being 2 μL and the column temperature being 
35°C. The gradient elution table is shown in Table 2. 

Table 2. Gradient elution program. 

Time (min) Liquid mass(g) Minimum concentration(%) 
0 90 10 
2 90 10 
4 20 80 
8 20 80 

8.5 90 10 
10 90 10 

3. Results 

3.1. Quantitative Experimental Phenomenon Analysis  

Table 3 is the status record table of the reaction solution and Figure 1 is a reaction solution 
diagram under different states. 

Table 3. Solution status record table under different liquid-solid ratios and different hydrofluoric acid 
concentrations. 

Liquid-solid 

ratio/Hydrofluoric 

acid concentration 

20% 25% 30% 35% 40% 45% 

4 --- --- residual 

sponge 

zirconium in 

solution 

residual 

sponge 

zirconium in 

solution, and 

crystallization 

occurred after 

12 hours 

residual 

sponge 

zirconium in 

solution，

and colloid 

formation 

occurred 

after 12 

hours 

residual 

sponge 

zirconium in 

solution，

and colloid 

formation 

occurred 

after 12 

hours 

5 --- A small 

amount of 

flocculent 

precipitates 

formed in the 

solution, and 

crystallization 

occurred after 

36 hours. 

solution was 

initial clear, 

but a small 

amount of 

flocculent 

precipitates 

formed after 

24 hours 

clear solution solution was 

initially 

clear, after 4 

hours, it 

turned 

green, and 

after 12 

hours, a 

small 

amount of 

solution was 

initially 

clear, after 4 

hours, it 

turned 

green, and 

after 12 

hours, 

abundant 

flocculent 
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flocculent 

precipitates 

formed 

precipitates 

formed 

6 abundant 

flocculent 

precipitates 

in the 

solution 

abundant 

flocculent 

precipitates in 

the solution 

clear 

solution 

clear solution solution was 

initially 

clear, but a 

small 

amount of 

flocculent 

precipitates 

formed after 

24 hours 

solution was 

initially 

clear, but a 

small 

amount of 

flocculent 

precipitates 

formed after 

24 hours 

7 abundant 

flocculent 

precipitates 

in the 

solution 

clear solution clear 

solution 

clear solution clear 

solution 

clear 

solution 

8 abundant 

flocculent 

precipitates 

in the 

solution 

clear solution clear 

solution 

clear solution clear 

solution 

clear 

solution 

Note: The symbol “---” indicates that this experiment was not performed. 

 

Figure 1. The actual picture of the solution under different states: (a) There are a large amount of flocculent 
precipitates in the solution; (b) There are a small amount of flocculent precipitates in the solution; (c) The solution 
is clear; (d) There is sponge zirconium remaining in the solution; (e) Green coloration of the solution. 

By comparing the experimental phenomena of the reaction between hydrofluoric acid and 
sponge zirconium at different solid-liquid ratios and different concentrations, the following 
conclusions are obtained: 

(1) For a reaction solution with a low solid-liquid ratio, that was 4 mL·g⁻¹, a reaction was performed 
using different concentrations of hydrofluoric acid, and the reaction cannot be completed. According to 
the complex effect, it can be seen that when the fluoro-zirconium complex was stable, the reactant ions 
were arranged in an orderly manner due to its stable molecular structure, which hindered ion diffusion, 
and thus the reaction rate was greatly reduced until the reaction cannot be carried out.  

At high HF concentrations (e.g., 40% and 45%), according to the activity coefficient formula 
αi=γi·Ci ,(where αi represents the activity of component, γi is activity coefficient, Ci is the 
concentration of component), it can be seen that extremely high acid ion concentration will promote 
the formation of fluoro-zirconium complexes, and then polymerization reaction occurs, and the 
complex polymerized to form colloids. The formation of colloids changed the physical properties of 
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the solution, increased the viscosity of the system, and further reduced the reaction rate, making it 
impossible to complete smoothly.  

(2) When the acid concentration (20%) was low, for solutions with lower liquid-solid ratio, due to the 
small amount of solution and more contact opportunities for sponge zirconium, they reduced the total 
surface area and reduced the surface energy through aggregation. During this aggregation processed, 
sponge zirconium was combined by van der Waals force to stabilize the reaction. Because the solution 
viscosity was high at this time, it was easier to generate flocculent precipitates; while solutions with lower 
liquid-solid ratios have relatively lower solution viscosity and better fluidity. These factors promote the 
increase of the reaction rate and the smooth completion of the reaction. Moreover, due to the low fluorine 
ion concentration, the complex polymerization situation was reduced, and only a small amount of 
flocculent precipitates were produced. However, for solutions with low acid concentration and smaller 
liquid-solid ratio, feeding was too fast, the temperature rised quickly, and the reaction rate was accelerated, 
which was conducive to the complexation reaction between fluorine ions and zirconium ions. Therefore, 
the reaction rate should not be too fast, and the solution can also be stabilized. 

(3) Under high hydrofluoric acid concentrations (40%, 45%) with a moderately high liquid-solid 
ratio (6 mL·g⁻¹): the ion concentration was slightly reduced, which reduced the degree of fluoro-
zirconium complexes aggregation and the reaction can be completed. However, when the liquid-
solid ratio was 5 mL·g⁻¹ and the hydrofluoric acid concentration was higher (40%, 45%), the tendency 
of complex aggregation was more obvious. Moreover, the presence of excess F ions can easily form a 
transition state with zirconium ions, and the presence of high concentration fluorine ions will also 
increase its collision frequency with zirconium. All of these provided favorable conditions for the 
complexation reaction and accelerated the progress of the complexation reaction. From the 
perspective of phase change, ZrF₅⁻converted to ZrF6²⁻, discolored the solution, and finally the 
complex precipitates as flocculent precipitates. 

(4) When the liquid-solid ratio was increased to 10 mL·g⁻¹, clear and stable solutions can be 
obtained at all concentrations. However, a larger liquid-solid ratio (10 mL·g⁻¹) would lead to 
problems such as excessive volume of equipment during actual production, excessive feeding of 
hydrofluoric acid, and increased costs. 

From the perspective of economics and production efficiency, the dissolution processes of 5 mL·g⁻¹-
35%, 6 mL·g⁻¹-30%, 6 mL·g⁻¹-35%, and 7 mL·g⁻¹-25% are more suitable. Therefore, we only need to perform 
phase analysis on these four samples and select the process that is most in line with the expectations. 

3.2. Phase Characterization by XRD 

The qualitative analysis results of XRD are shown in Figure 2. 

 

Figure 2. XRD patterns of crystals synthesized under different process parameters: (a) 5 mL·g-1-35%; (b) 6 mL·g-

1-30%; (c) 6 mL·g-1-35%; (d) 7 mL·g-1-25%. 
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According to the characterization results of the crystals by XRD, the phases of the crystals are 
mainly HZrF5·H2O and HZrF5·2H2O. Then, the crystal was analyzed by the K value method and the 
results were obtained as shown in Figure 3. 

 

Figure 3. Total content of pentafuorozirconate crystal hydrates among the samples under different conditions. 

When the liquid-solid ratio was 5mL·g-1 and the hydrofluoric acid concentration was 35%, the 
total content of pentafuorozirconate crystal hydrates in the synthesized crystals were 98.3%. When 
the liquid-solid ratio was 6mL·g-1 and the hydrofluoric acid mass fraction was 30%, the total content 
of pentafuorozirconate crystal hydrates in the synthesized crystals were 97.6%. When the liquid-solid 
ratio was 6mL·g-1 the hydrofluoric acid concentration was 35%, the total content of 
pentafuorozirconate crystal hydrates in the synthesized crystals were 98%. When the liquid-solid 
ratio was 7mL·g-1 and the hydrofluoric acid concentration was 25%, the total content of 
pentafuorozirconate crystal hydrates in the synthesized crystals were 96.5%. 

Therefore, the highest content of the pentafuorozirconate crystal hydrates was achieved under 
the conditions of liquid-solid ratio 5 mL·g-1 and 35% HF concentration. To further refine the 
quantitative analysis of the solution, liquid chromatography-mass spectrometry (LC-MS) was 
employed for precise phase characterization of the fluorozirconic acid solution. 

3.3. LC-MS Analysis 

LC-MS (Liquid Chromatography-Mass Spectrometry) is widely used for the qualitative and 
quantitative characterization of organic solutions. Since no established method was found for the 
characterization of inorganic liquid phases, this method was employed to analyze the fluorozirconic 
acid solution. 

To facilitate comparative analysis of LC-MS results across different samples, the MS spectra at 
RT = 5.114 min were uniformLy selected for qualitative and quantitative analysis. Figure 4 displays 
the detection results for the sample with a liquid-solid ratio of 5mL·g-1 and 35% HF concentration at 
RT = 5.114 min. 

To enable comparative analysis of LC-MS results across different samples, the MS spectra at the 
retention time (RT) of 5.114 minutes were consistently selected for qualitative and quantitative 
analysis. Figure 4 illustrated the detection outcomes for the sample prepared with a liquid-solid ratio 
of 5mL·g-1 and 35% hydrofluoric acid (HF) concentration at RT = 5.114 minutes. 
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Figure 4. The MS spectra of Sample (liquid-solid ratio: 5 mL·g⁻¹, hydrofluoric acid concentration: 35%) at 
RT=5.114 min. 

The figure showed that the highest peak has a mass-to-charge ratio (m/z) of 203.0168 with a 
relative intensity of 100%, while the relative molecular mass of zirconium pentafluoride acid was 
187.22, this peak corresponded to zirconium pentafluoride acid. The second-highest peak at m/z 
166.4172, with a relative intensity of approximately 35%, aligned with ZrF₃⁺ (relative ionic mass: 
148.22). The third peak at m/z 146.9903, showing a relative intensity of about 21%, matched ZrF₂²⁺ 
(relative molecular mass: 129.22). By calculating the proportion of zirconium pentafluoride acid 
among the fluoro-zirconium complex ions based on their relative intensities, it was determined that 
zirconium pentafluoride acid accounted for approximately 62%-67% of the composition. 

Figure 5 showed the test results of the sample liquid-solid ratio of 6 mL·g⁻¹ and the hydrofluoric 
acid concentration of 35%. 

 

Figure 5. The MS spectra of Sample (liquid-solid ratio: 6 mL·g⁻¹, hydrofluoric acid concentration: 35%) at 
RT=5.114 min. 

The figure showed that the highest peak had a mass-to-charge ratio (m/z) of 202.9908 with a 
relative intensity of 100%, while the relative molecular mass of zirconium pentafluoride acid was 
187.22, this peak corresponded to zirconium pentafluoride acid. The second-highest peak at m/z 
224.0131, with a relative intensity of approximately 34%, aligned with hexafluorozirconic acid 
(relative molecular mass: 207.23). The third peak at m/z 167.0023, showing a relative intensity of about 
14%, matched ZrF₃⁺ (relative ionic mass: 148.22). The fourth peak at m/z 147.4552, with a relative 
intensity of approximately 11%, corresponded to the ZrF₂²⁺ ion (relative ionic mass: 129.22). By 
calculating the proportion of zirconium pentafluoride acid among the fluoro-zirconium complexes 
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based on their relative intensities, it was determined that zirconium pentafluoride acid accounted for 
approximately 60%-65% of the composition.  

Figure 6 showed the test results of the sample liquid-solid ratio of 6 mL·g⁻¹ and the hydrofluoric 
acid concentration of 30%. 

 

Figure 6. The MS spectra of Sample (liquid-solid ratio: 6 mL·g⁻¹, hydrofluoric acid concentration: 30%) at 
RT=5.114 min. 

The figure revealed the following: The highest peak had a mass-to-charge ratio (m/z) of 203.4667 
with a relative intensity of 100%, while the relative molecular mass of zirconium pentafluoride acid 
was 187.22, this peak corresponded to zirconium pentafluoride acid. The second-highest peak at m/z 
223.1817, with a relative intensity of ~46%, aligned with hexafluorozirconic acid (relative molecular 
mass: 207.23). The third peak at m/z 166.3421, showing a relative intensity of ~12%, matched ZrF₃⁺ 
(relative ionic mass: 148.22). The fourth peak at m/z 147.6288, with a relative intensity of ~7%, 
corresponded to the ZrF₂²⁺ ion (relative ionic mass: 129.22). By calculating the proportion of 
zirconium pentafluoride acid among the fluoro-zirconium complexes based on relative intensities, it 
was determined that zirconium pentafluoride acid accounted for approximately 58%-63% of the 
composition. 

Figure 7 showed the test results of the sample liquid-solid ratio of 7 mL·g⁻¹ and the hydrofluoric 
acid concentration of 25%. 

 

Figure 7. The MS spectra of Sample (liquid-solid ratio: 7 mL·g⁻¹, hydrofluoric acid concentration: 25%) at 
RT=5.114 min. 
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Figure 7 showed the MS spectrum of Sample 1(liquid-solid ratio: 7 mL·g⁻¹, hydrofluoric acid 
concentration: 25%) at RT=5.114 min. The figure revealed the following: The highest peak had a mass-
to-charge ratio (m/z) of 204.0096 with a relative intensity of 100%, while the relative molecular mass 
of zirconium pentafluoride acid was 187.22, this peak corresponded to zirconium pentafluoride acid. 
The second-highest peak at m/z 224.3541, with a relative intensity of approximately 65%, aligned with 
hexafluorozirconic acid (relative molecular mass: 207.23).The third peak at m/z 167.5142, showing a 
relative intensity of ~12%, matched ZrF₃⁺ (relative ionic mass: 148.22).The fourth peak at m/z 148.0012, 
with a relative intensity of approximately 5%, corresponded to the ZrF₂²⁺ ion (relative ionic mass: 
129.22). By calculating the proportion of zirconium pentafluoride acid among the fluoro-zirconium 
complex ions based on relative intensities, it was determined that zirconium pentafluoride acid 
accounted for approximately 53%-58% of the composition. 

Based on the above MS spectral results, it was found that the fluoro-zirconium complexes in the 
sample may exist in two forms, namely cationic fluoro-zirconium complexes and anion fluoro-
zirconium complexes. And there may be two types of anionic fluoro-zirconium complexes in the 
solution in form: ZrF5⁻ , ZrF62, and there may be two types of fluoro-zirconium complex ions in the 
solution in the solution in cationic form: ZrF22+, ZrF3+. 

A rough calculation of the proportion of zirconium pentafluoride acid (HZrF5) among the 
fluoro-zirconium complexes, based on relative intensities, revealed that under the process parameters 
of a liquid-solid ratio of 5 mL·g⁻¹ and 35% hydrofluoric acid concentration, the proportion of 
zirconium pentafluoride acid reached its highest value, approximately 62%-67%. Therefore, we 
concluded that it is meaningful to use LC-MS to characterize the solution. 

4. Discussion 

By analyzing the mass spectra of LC-MS, it was found that the mass-to-charge ratio (m/z) of each 
peak in the mass spectra was higher than the theoretical value. This may be because the solution is 
in a dynamic state, and the molecular structure composed of fluorozirconic acid solution is in a 
metastable state. During the electrospray ionization (ESI) process of LC-MS, the original ionic groups 
in the solution are affected by the electric field force, which is prone to dissociation or rearrangement, 
which affects the mass-to-charge ratio of each peak, and thus causes a deviation from the theoretical 
value. 

Based on the relative peak intensities, the content of zirconium pentafluoride acid (HZrF5) in the 
samples was quantified as follows: Sample 5 mL·g-1, 35%: HZrF5 content ranged between 62% and 
67%.Sample 6 mL·g-1, 35%: HZrF5 content ranged between 60% and 65%.Sample 6mL·g-1, 30%: HZrF5 
content ranged between 58% and 63%.Sample 7 mL·g-1, 20%: HZrF5 content ranged between 53% and 
58%. 

Among these four samples, ZrF5- is the highest in the phase. This result is highly consistent with 
the theoretical model constructed based on chemical reaction formula derivation in the early stage of 
the experiment. In the reaction system in this paper, a series of reactions between zirconium ions and 
fluoride ions will occur, generating a variety of anionic/cationic complexes, but experiments have 
confirmed that the content of phase is largely affected by nZr/nF ratio (molar ratio of Zr to F). 

As mentioned earlier, the phase distribution of the sample is related to acidity and acid ions 
(fluorine ions) concentration. Next, this article will discuss these two aspects. Through chemical 
reaction kinetics, it can be seen that the higher the concentration of fluorine ions, the greater the 
tendency of the phase ZrF62--generated phase, and the results of the MS map are contrary to this 
theory. The trend of ZrF62- generated by samples sorted by fluoride ion concentrations of 5 mL·g-1, 
35% > 6mL·g-1, 35% > 6 mL·g-1, 30% > 7mL·g-1, 25%, 5 mL·g-1, 35% should be greater, but the facts are 
exactly the opposite. 

In these four samples, 5mL·g-1, 35% had a pH of 2.13, sample 6 mL·g-1, 35% had a pH of 2.43, 
sample 6 mL·g-1, 30% had a pH of 2.86, sample 7mL·g-1, 25% had a pH of 3.17. And the sample with 
the highest acidity of this product is 5 mL·g-1, 35%, and its ZrF5- content is also the highest. It shows 
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that the solution phase is greatly affected by acidity, and the higher the acidity, the more conducive 
it is to generate cationic complexes. 

We conjecture that this is because at low hydrofluoric acid concentration, the acidity has a 
greater impact on the phase of the solution than the fluorine ion concentration on the phase of the 
solution. Based on the above analysis, we speculate that the main factor affecting the phase of 
fluorozirconic acid solution is nZr/nF, followed by acidity and finally the acid ion concentration. And 
the liquid-solid ratio is determined to be 5 mL·g-1 and the mass fraction is 35% as the optimal process 
parameter. 

5. Conclusions 

In order to improve the yield of zirconium, this study is conducive to the subsequent cationic 
removal of fluorozirconic acid solution by using the ion exchange method to prepare high-purity 
zirconium tetrafluoride. We need to promote the high content of ZrF5- phase in the solution as high 
as possible. Then, through a series of experiments and analysis, the optimal preparation process of 
fluorozirconic acid solution was determined. 

First, the initial experimental conditions for the reaction between sponge zirconium and 
hydrofluoric acid were determined: the size of sponge zirconium should be 3mm × 3mm × 4mm, and 
the sponge zirconium particles were put into several times, and the temperature was lowered below 
35℃ after each feeding. On this basis, quantitative experiments were conducted on the reaction of 
hydrofluoric acid and sponge zirconium at different liquid-solid ratios and different concentrations, 
and the experimental phenomena were recorded and analyzed. Finally, the phase characteristics of 
four samples with a Liquid-solid ratio of 5 mL·g-1 and a hydrofluoric acid concentration of 35%; a 
Liquid-solid ratio of 6 mL·g-1 and a hydrofluoric acid concentration of 35%; a Liquid-solid ratio of 6 
mL·g-1and a hydrofluoric acid concentration of 30%; a Liquid-solid ratio of 7 mL·g-1 and a 
hydrofluoric acid concentration of 20%. 

After taking some samples to evaporate and crystallize and performing XRD qualitative 
quantitative analysis, in order to conduct more accurate quantitative analysis, it was determined that 
the remaining liquid samples were detected using LC-MS, and the optimal preparation process was 
determined to be 5 mL·g-1 liquid-solid ratio and 35% hydrofluoric acid concentration. At the same 
time, the factors affecting the phase were also discussed, and the following speculation was obtained: 
the main factor affecting the phase of fluorozirconic acid solution is nZr/nF, followed by acidity, and 
finally the acid ion concentration. 
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