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Abstract: Solution-phase hydrogen reduction (SpHR) was introduced into V2O3 preparation to overcome disadvantages 

of traditional reduction roasting, which include a long process, high energy consumption, and generation of pollution. 

The research mainly focuses on φ−pH diagrams and kinetics of SpHR. Thermodynamic analysis of φ−pH diagrams for 

the V−H2O system demonstrates that V2O3 preparation via SpHR requires a high temperature, a high vanadium 

concentration, and sufficient hydrogen in acidic solution. Kinetic analyses show that the activation energy of V2O3 

preparation via SpHR is 38.0679 kJ/mol, indicating that the reduction is controlled by a combination of interfacial 

chemical reaction and internal diffusion. Effects of H2 partial pressure (slope K=0.05246) on the reaction rate is not as 

significant as the vanadium concentration (K=1.58872). V2O3 crystals with a purity of 99.59% and a vanadium 

precipitation rate of 99.83% were obtained under the following conditions: pH=5−6, c(V2O5)=0.5 mol/L, p(H2)=4 MPa, 

m(PdCl2)=10 mg, T=250 °C, and t=2.5 h. 
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1 Introduction 
 

V2O3 is a vanadium oxide that has a high 

melting point and is reducible. It can be prepared 

directly from vanadium powder, ferrovanadium 

alloy, vanadium carbide, vanadium nitride, and 

other products [1,2]. Because the phase transition, 

magnetic susceptibility, optical transmittance, and 

reflectivity of V2O3 change with temperature, it also 

has important applications in thermoelectric 

switches, magnetic switches, optical switches, and 

film materials [3,4]. 

In China, research on the preparation of V2O3 

began in the 1960s [5]. Generally, vanadium 

pentoxide, ammonium metavanadate, and 

polyvanadate have been used to prepare V2O3 via 

reduction roasting [6]. Traditional research methods 

require the preparation of precursors (which 

lengthen the production process) and also increase 

the energy consumption of roasting [7]. 

Solution-phase hydrogen reduction (SpHR) is 

an efficient way to prepare metallic powders 

because SpHR consumes less energy, has high 

productivity, and is eco-friendly and economically 

feasible [8]. Furthermore, it is possible to control 

the properties of the product through the use of a 

catalyzer and surface-active agents and by adjusting 
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the autoclave conditions [9]. XU et al [10] used 

SpHR of sodium tungstate, citric acid, and sodium 

sulfate in an autoclave to fabricate WO3 precursor 

powders with nanorods; then, they used H2 to 

reduce the precursor to obtain ultrafine La2O3- 

doped tungsten powders. AGRAWAL et al [11] 

reviewed the production of nickel and copper 

powders from solutions using SpHR under pressure, 

and the composite materials of required 

specifications were produced using coating nickel 

or copper powders on secondary materials such as 

graphite, tungsten carbide, and aluminum [11]. 

LIANG et al [12] obtained metallic silver from a 

Ag2S alkaline slurry using PdCl2 as a catalyst at 

220 °C, pH=12.0, and 2−3 MPa of partial H2 

pressure for 4 h; the Ag transformation from Ag2S 

can reach 95% using SpHR. 

On the basis of the above, SpHR is widely 

used in metal precipitation, but few studies on 

vanadium precipitation have been reported. Our 

previous study [13] indicated that vanadium cannot 

be precipitated directly from solution, and the 

lowest valence that can be prepared using SpHR is 

V2O3. But until now, there has been a lack of 

research on the thermodynamics and kinetics of the 

system. 

In this work, the thermodynamics and kinetics 

of the preparation of V2O3 via SpHR were 

investigated. Thermodynamics study focuses on the 

φ−pH diagram of the V−H2O system, and a set of 

φ−pH diagrams at elevated temperatures, different 

vanadium concentrations, and H2 partial pressure 

were constructed to provide guidance on SpHR. A 

detailed study of the kinetic effects of temperature, 

vanadium concentration, and H2 partial pressure for 

the process of preparing V2O3 via SpHR was 

carried out, and the kinetics mechanism was 

structured simply. 

 

2 Research methods 
 

2.1 Electrode potential and pH value 

The redox reaction in solution can be shown as 

follows [14]: 
 
aPb+nH++ze=bQa+n/2H2O                  (1) 
 
where Pb and Qa are defined as the particular 

vanadium species, a and b are the number of V 

atoms in species, n is the number of H+, and z is the 

number of electrons obtained. 

According to the Nernst equation, the 

relationship between the pH of a solution and the 

electrode potential (φ) can be expressed as [15]: 
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where R is the molar gas constant, T is the 

thermodynamic temperature, F is the Faraday 

constant (96485 C/mol), φΘ is the standard 

electrode potential, and α is the ionic activities of 

species Pb, Qa, and H+. 

If the activities of Pb and Qa are regarded as 

their molar concentrations cV(P) and cV(Q), they 

follow that [16], 
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According to Eqs. (4) and (5), the Nernst 

equation can be written as Eq. (6): 
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The procedures require drawing an φ−pH 

diagram, as shown in Eq. (6). First, it is necessary 

to know that the vanadium species and the reactions 

that may exist in solution in the system. Then, 

thermodynamic data from Refs. [17,18], e.g. the 

standard Gibbs free-energy of formation ( f mG ), 

should be consulted. For general chemical reactions: 

aA+bB → cC+dD, the standard Gibbs free-energy 

of reaction (ΔrG
Θ
m) is obtained using r mG =

f C f D f A f B( ).c G d G a G b G    +  −  +   Finally, the 

relationship between pH and species concentration 

is calculated using the data and reactions (Appendix: 

Tables 1 and 2). 

 

2.2 Reaction rate and activation energy 

First, the V2O5 solution was completely 

dissolved in NaOH solution, and the pH was 

adjusted to a certain value using H2SO4 solution, 

which was used as a feed solution. Second, the feed 

solution and PdCl2 powder were placed in an 

autoclave (MCT 250, SenLong Co., Ltd., Beijing, 
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China). After the autoclave was flushed with N2,  

it was gradually heated to a predetermined 

temperature. Third, a certain partial pressure of H2 

was introduced into the autoclave and maintained 

for 2 h for the reaction at a predetermined 

temperature and with a stirring speed of 300 r/min. 

During this time, samples were taken at intervals, 

and the vanadium concentration was measured. 

Fourth, after cooling and releasing the pressure, a 

slurry containing V2O3 was collected from the 

autoclave, and the slurry was filtered and vacuum 

dried to obtain V2O3 products. 

In SpHR, the precipitation rate of vanadium (λ) 

was calculated using the following equation: 
 

2 2

1 1

1 100%
c V

c V


 
= −  
 

                    (7) 

 

where c1 and c2 are the vanadium concentrations in 

the feed solution and precipitated liquid, 

respectively; V1 and V2 are the volumes of feeding 

solution and precipitated liquid, respectively. 

The differential method was used in the 

kinetics of V2O3 preparation via SpHR. When the 

curve of vanadium concentration is drawn with 

respect to reaction time for the experiment, the 

tangent of the curve can be obtained at a specified 

time, and the rate equation of reaction can be 

written as follows [19]: 
 

d[M]

d
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i

r
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where ri is the rate of the reaction at ti, t is the 

reaction time, and [M] is the concentration of 

vanadium. 

The rate of the reaction (ri) and the 

concentration of vanadium ([M]) conform to the 

following relationship: 
 
ln ln ln[M]ir k m= +                       (9) 
 
where k is the rate constant of the reaction, and m is 

the reaction order. 

It is known that ln ri changes in a slope line 

with ln[M], and the intercept is ln k. According to 

the Arrhenius equation, A is a constant, there is a 

linear relationship between ln k and 1/T, and the 

slope (β) is −Ea/R [20]: 
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where Ea is the the activation energy. 

 

3 Results and discussion 
 

3.1 φ−pH diagrams of V2O3 preparation via 

SpHR 

φ−pH diagrams, which are also known as 

Pourbaix diagrams, show the predominant 

thermodynamic areas of different species in 

solution. This is a common, intuitive 

thermodynamic tool in the field of vanadium 

extraction [14,21]. However, little systematic 

research has focused on the factors that affect a 

φ−pH diagram. Inspired by this, a set of φ−pH 

diagrams for V−H2O system at elevated 

temperatures, different vanadium concentrations, 

and H2 partial pressure were constructed to provide 

guidance for V2O3 preparation via SpHR. 

3.1.1 Vanadium species in solution 

The complexity and diversity of vanadium 

species depend greatly on the concentration of 

vanadium, and this makes research using φ−pH 

diagrams of the V−H2O system difficult [22]. Thus, 

it is important that the lg c−pH equilibrium 

equations are calculated using Eq. (6), and this is 

used to determine the vanadium species and to lay a 

foundation for the φ−pH diagram. The lg c−pH 

diagrams of V(II)−V(V) at 25 °C are shown in 

Fig. 1. 

As seen in Fig. 1, vanadium species mainly 

exist in a mononuclear form at a low concentration, 

and polynuclear vanadate may be dominant in 

certain areas at a high concentration. Furthermore, 

as seen in Figs. 1(c) and (d), a high valence (i.e., 

V(IV) and V(V)) tends to produce polynuclear 

vanadate more easily at a high concentration 

(≥10−2 mol/L) and high pH, and these are common 

conditions in practice [23]. 

3.1.2 φ−pH diagram of V−H2O system at elevated 

temperatures 

According to Ref. [24] and data from Factsage, 

the effect of elevated temperature (25−300 °C) on 

the φ−pH diagram of the V−H2O system was 

studied at a vanadium concentration of 1 mol/L and 

H2 partial pressure of 0 MPa; the results are shown 

in Fig. 2. It must be explained that vanadium 

species, especially polynuclear vanadate, have 

incomplete thermodynamic data at elevated 

temperatures. This leads to a slight simplification of 

the φ−pH diagram of the V−H2O system, and the 

simplified lines are replaced by ellipsis (…), such 
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Fig. 1 lg c−pH diagrams of V(II) (a), V(III) (b), V(IV) (c), and V(V) (d) (Dotted lines: equilibrium between two ionic 

species; Solid lines: equilibrium between oxides and ionic species) (Appendix: Table 1) 

 

 

Fig. 2 φ−pH diagram of V−H2O system at elevated 

temperatures (Dotted lines: stability area of H2O; Solid 

lines: equilibrium of different vanadium species) 

(Appendix: Tables 2 and 3) 

 

as the lines of HV10O28
5−/V4O12

4− at 100, 200, and 

300 °C. 

The φ−pH diagram of the V−H2O system 

shows that the predominant area of V2O3 occupies a 

large area. This indicates that V2O3 is a stable and 

easily obtained product at a suitable potential and 

concentration of vanadium. Also, the hydrogen 

lines are lower than the potential of high valence 

vanadium reduction to V(III), and this demonstrates 

that V2O3 can be prepared via solution-phase 

reduction in thermodynamics. 

As seen in Fig. 2, elevated temperatures cause 

the equilibrium line of vanadium oxide dissolution 

to move to the region with lower pH because of the 

change in ΔfG
Θ
m. This increases the predominant 

area of V2O3. According to Eq. (6), the slope of a 

diagonal line in the φ−pH diagram (a reaction that 

involves both electrons and H+) is proportional to 

the temperature; that is, the elevated temperature 

increases the slope. It should be noted that the slope 

of the hydrogen line is steeper than the high- 

valence vanadium reduction to V(III), and this also 

increases the area of V2O3. 

As discussed above, when the temperature 

increases, movement of the equilibrium line and an 

increase in the slope extend the area of V2O3 above 

the hydrogen line. This is beneficial to preparation 

http://www.ysxbcn.com/download/20-TNMSC-2021-0296-appendix.pdf
http://www.ysxbcn.com/download/20-TNMSC-2021-0296-appendix.pdf
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via SpHR. In addition, the reaction from ion to 

oxide is endothermic, and thus, elevated 

temperature has a favorable effect on the 

preparation of V2O3. 

3.1.3 φ−pH diagram of V−H2O system at different 

vanadium concentrations 

According to Eq. (3), changes in vanadium 

concentration affect the concentration of dissolved 

species, and this causes the equilibrium lines in the 

φ−pH diagram to move. The effect of vanadium 

concentration (10−2−101 mol/L) on the φ−pH 

diagram of the V−H2O system was studied at a 

temperature of 25 °C and H2 partial pressure of 

0 MPa, as shown in Fig. 3. It must be explained 

from Fig. 1 that V(IV) species change with respect 

to concentration, and this cannot be reflected in one 

diagram; thus, simplified lines are replaced by 

ellipsis (…). 

 

 

Fig. 3 φ−pH diagram of V−H2O system at different 

vanadium concentrations (Appendix: Table 4) 

 

As seen from Fig. 3, an increase in the 

vanadium concentration results in the equilibrium 

lines of V3+/V2O3, V2+/V2O3, and VO2+/V2O3, 

moving to the region with low pH. This expands the 

area of V2O3. This phenomenon also occurs in the 

predominant areas of other vanadium oxides. Some 

lines do not change with respect to the vanadium 

concentration. The equilibrium lines of V2O3/VO 

and V2O3/VO2 do not move with the change of 

vanadium concentration because there are no ions 

involved between vanadium oxides. Also, since 

(Q) (P)lg[( / ) ] / [( / ) ]b a
V Vc a c b  is offset during the 

calculation, the concentration of ions with the same 

number of vanadium atoms does not affect the 

equilibrium line. 

In practice, the concentration of vanadium 

decreases with the preparation process. This 

indicates that the predominant area of V2O3 is 

smaller, and the preparation tendency will be 

reduced, especially at the end of preparation. Thus, 

it is necessary to ensure the concentration of 

vanadium in V2O3 preparation via SpHR. 

3.1.4 φ−pH diagram of V−H2O system at different 

H2 partial pressures 

In the V−H2O system, H2 partial pressure only 

affects the placement of the hydrogen line in the 

φ−pH diagram. The electrode reaction of H2O and 

the relationship of φ−pH are as follows [25]: 
 

Potential reaction: O2+4H++4e=2H2O    (11) 
 

Cathode reaction: 4H++4e=2H2              (12) 

2 2
2(H /H ) (H /H )

2.303
lg (H )

RT
p

zF
 + +

= + +
 

9.212
pH

RT

zF
                        (13) 

where 
2(H /H )

 +


 is the standard electrode potential 

of hydrogen (0 V). 

The effect of H2 partial pressure (0−6 MPa) on 

the φ−pH diagram of the V−H2O system was 

studied at a temperature of 25 °C and vanadium 

concentration of 1 mol/L, and the results are shown 

in Fig. 4. 

 

 

Fig. 4 φ−pH diagram of V−H2O system at different H2 

partial pressures (Appendix: Table 5) 

 

Figure 4 shows that the H2 partial pressure has 

little effect on the φ−pH diagram. The high partial 

pressure of hydrogen causes the hydrogen line to 

move up. Although it decreases the predominant 

area of V2O3 in solution-phase, sufficient hydrogen 

will make the V−H2O system at a lower potential, 

and this ensures that a reducing atmosphere is used 

in the preparation of V2O3. 

http://www.ysxbcn.com/download/20-TNMSC-2021-0296-appendix.pdf
http://www.ysxbcn.com/download/20-TNMSC-2021-0296-appendix.pdf
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Figures 2−4 show that when the pH is higher, 

the electrode potential is lower. This suggests that 

an increase in pH leads to a decreased possibility of 

preparing V2O3 in a fixed system. Furthermore, a 

lower pH is beneficial for the preparation of V2O3, 

according to Eq. (6). In summary, preparing V2O3 

via SpHR requires high temperature, high vanadium 

concentration, and sufficient hydrogen in acidic 

solution. 

 

3.2 Kinetics of V2O3 preparation via SpHR 

The obtained results in the thermodynamic 

analysis show that temperature, vanadium 

concentration, and H2 partial pressure affect the 

possibility of preparing V2O3 via SpHR. 

φ−pH diagrams for the V−H2O system 

illustrate the conditions and trends via SpHR to 

prepare V2O3, but they do not reflect the reaction 

state of the process. A three-phase reaction system 

of gas, solution, and solid has a complicated 

structure for the V2O3 preparation via SpHR, and 

thus, the kinetics process of the reaction in the 

system needs to be illustrated. Therefore, the effects 

of temperature, vanadium concentration, and H2 

partial pressure on the kinetics of V2O3 preparation 

were first investigated. 

3.2.1 Effects of temperature 

The results are presented in terms of the 

concentration of vanadium that remained in 

solution with respect to the reaction time. Figure 5 

shows the effects of the temperature when the 

vanadium concentration was 0.3 mol/L and the H2 

partial pressure was 4 MPa. The effects of 

temperature on the precipitation rate and XRD 

patterns (D/MAX-RB X-ray Diffractometer, Rigaku, 

Tokyo, Japan) of the products are shown in Fig. 6. 

Meanwhile, a trace of PdCl2 was used as an 

effective catalyst to improve the H2 activity [12]. 

It can be concluded from Fig. 5 that increasing 

temperature increases the rate of reaction and 

promotes the reaction to be more complete. In a 

early period, the solution reaction mainly focused 

on improving the reduction activity of H2, as shown 

in Fig. 6(a), and the period decreased or even 

disappeared with an increase in temperature. 

According to Fig. 5(a) and Eqs. (9) and (10), the 

fitting line was obtained using the Arrhenius 

equation, and the results are shown in Fig. 5(b). The 

correlation coefficient (R2) of the fitting line is 

0.95435. Equation (10) can be used to calculate the 

activation energy (Ea) of the preparation of V2O3 via 

SpHR, and the value is 38.0679 kJ/mol; this 

indicates that the controlling step in the reduction is 

a mixed control [26]. 

 

 

Fig. 5 Effects of temperature on kinetics of V2O3 preparation (a), and fitting line obtained using Arrhenius equation (b) 
 

 

Fig. 6 Kinetics mechanism of preparation of V2O3 via SpHR: (a) H2 activation; (b) Vanadium crystallization in solution 

at active point; (c) Internal diffusion control step; (d) V2O3 crystallization 
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ZHANG et al [13] summarized the phase 

transformation mechanism, that is, the vanadium in 

solution is first precipitated as V(IV) and then 

transformed into V2O3 with activated hydrogen. 

Inspired by this, it can be speculated that the 

preparation of V2O3 via SpHR may follow two 

steps: (1) In the earlier time (Fig. 6(b)), a relatively 

high concentration of vanadium in the solution 

ensures that the reaction interface has a strong 

chemical driving force and forms V(IV) crystals; 

thus, the reduction is controlled by an interfacial 

chemical reaction. (2) With a gradual decrease in 

the vanadium concentration, the mass transfer rate 

also slows, and the reduction is controlled by the 

internal diffusion of activated hydrogen inside the 

crystal (Fig. 6(c)).  

Figure 7 shows that temperature has a 

significant effect on the precipitation rate and the 

phase of vanadium. According to Fig. 7(a), the 

precipitation rate increases from 5.6% to 99.83% as 

the temperature increases from 25 to 250 °C. Also, 

there is no obvious change in the precipitation rate 

with a further increase in the temperature to 250 °C. 

However, Fig. 7(b) shows that the diffraction peaks 

of the product that was obtained at 200 °C do not 

appear as a phase of V2O3, and have an 

inconspicuous crystal. To explore the phase 

transformation of a product, an XRD pattern was 

recorded at 240 °C. According to patters (4) and (5) 

in Fig. 7(b), the diffraction peaks of V2O3 can be 

observed at 240 °C. However, the crystals are still 

indistinct, and pure V2O3 crystals are obtained when 

the temperature reaches 250 °C. This implies that 

the phase of the product changes between 240   

and 250 °C. In practice, the temperature should be 

higher than 250 °C to ensure that the energy is high 

enough for the preparation of V2O3. 

3.2.2 Effects of vanadium concentration 

Figure 8 shows the effects of vanadium 

concentration on the time when the temperature was 

250 °C and the H2 partial pressure was 4 MPa.  

The effects of vanadium concentration on the 

precipitation rate and XRD patterns of the products 

are shown in Fig. 9. 

 

 

Fig. 7 Effects of temperature on precipitation rate (a), and XRD patterns of products at different temperatures (b) 

 

 

Fig. 8 Effects of vanadium concentration on kinetics of V2O3 preparation (a) and fitting line of reaction rate (b) 
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As seen in Fig. 8, a high vanadium 

concentration results in a higher reaction rate 

because the concentration affects the ability of mass 

transfer in solution. For example, the reaction rate 

reaches 1.194 mol/(L·min) at 0.8 mol/L, but it only 

reaches 0.4252 mol/(L·min) at a vanadium 

concentration of 0.1 mol/L. The fitting line of 

reaction rate indicates that the slope (K) reaches 

1.58872, and the correlation coefficient (R2) of the 

fitting line is 0.99452. The residual vanadium in 

solution varies within 30 min at 0.1−0.8 mol/L, but 

the residual vanadium basically remains at the same 

level with a further increase in time. 

Figure 9 shows that the effect of vanadium 

concentration on the precipitation rate and phase of 

vanadium. According to Fig. 9(a), the precipitation 

rate increases from 98.29% to 99.83% with an 

increase in the concentration from 0.1 to 0.5 mol/L, 

and the precipitation rate at concentrations of    

0.7 and 0.8 mol/L decreases slightly because of 

insufficient H2 partial pressure. The XRD patterns 

for the products are presented in Fig. 9(b). Pure 

diffraction peaks of V2O3 crystals can be observed 

when the vanadium concentration is higher than 

0.3 mol/L. In contrast, the diffraction peaks are 

mixed phases of VOOH, V4H2O8, and V2O3 when 

the vanadium concentration ranges from 0.1 to 

0.3 mol/L. Moreover, Fig. 9(b) shows that the 

diffraction peak of V2O3 at 0.5 mol/L is the highest, 

and the diffraction peaks at 0.7 and 0.8 mol/L 

become gradually weaker, which is consistent with 

Fig. 9(a). 

3.2.3 Effects of H2 partial pressure 

Figure 10 shows the effects of H2 partial 

pressure when the temperature is 250 °C and the 

vanadium concentration is 0.5 mol/L. The effects of 

H2 partial pressure on the precipitation rate and the 

XRD patterns of the products are shown in Fig. 11. 

In Fig. 10(a), the reaction rate increases from 

0.2773 to 0.5133 mol/(L·min) with an increase in 

the H2 partial pressure from 0 to 4 MPa. The fitting 

line of the reaction rate indicates that the slope (K) 

 

 
Fig. 9 Effects of vanadium concentration on precipitation rate (a), and XRD patterns of products at different vanadium 

concentrations (b) 

 

 

Fig. 10 Effects of H2 partial pressure on kinetics of V2O3 preparation (a) and fitting line of reaction rate (b) 
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Fig. 11 Effects of H2 partial pressure on precipitation rate 

(a), and XRD patterns of products at different H2 partial 

pressures (b)  

 

reaches 0.05246 with an R2 value of 0.93964; this 

reveals that the effect of H2 partial pressure on the 

reaction rate is not as significant as the vanadium 

concentration. 

As seen in Fig. 11, H2 partial pressure has a 

significant effect on the precipitation rate and phase 

of vanadium. The precipitation rate increases from 

67.28% to 99.83% with an increase in the H2 partial 

pressure from 0 to 4 MPa, and a higher H2 partial 

pressure will be wasteful and expensive. When 

there is no H2 in the solution (0 MPa), the 

diffraction peaks in the XRD pattern do not exhibit 

a reduction phase, but there are mixed diffraction 

peaks of V(V) crystals, such as Na6V10O28·xH2O, 

(Na6V10O28)(H2O)12, NaV3O8·xH2O, and Na2V6O16. 

The diffraction peaks of V2O3 were observed when 

the H2 partial pressure reached 1 MPa, but they 

were also mixed with the diffraction peaks of 

VO2(H2O)0.5 and V12O18. For V2O3 crystals with a 

purity of 99.59%, a vanadium precipitation rate of 

99.83% was obtained when the H2 partial pressure 

was 4 MPa. Thus, it can be concluded that more 

hydrogen has no effect on the products. 

To observe the morphology of the product, 

SEM (scanning electron microscopy, Carl Zeiss AG, 

Oberkochen, Germany) images and EDS (energy 

dispersive spectrometry, Oxford Instruments, 

Oxford, UK) analysis of the products are shown in 

Fig. 12 under the following conditions: pH of 5−6, 

c(V2O5) of 0.5 mol/L, p(H2) of 4 MPa, m(PdCl2) of 

10 mg, T of 250 °C, and t of 2.5 h. As seen in 

Fig. 12, most of the products are V2O3 crystals that 

are similar to a rhombohedral lattice [27], EDS 

analysis includes the vanadium/oxygen content of 

the point in Fig. 12, and it is very close to the mass 

fraction of V2O3. 

 

 

Fig. 12 SEM image (a) and energy dispersive 

spectrometer analysis (b) of vanadium products 

 

4 Conclusions 
 

(1) According to the thermodynamics analysis 

of V−H2O system using φ−pH diagrams, an 

increase in the temperature and vanadium 

concentration extends the area of V2O3 above the 

hydrogen line. This is beneficial to the preparation 

via SpHR. H2 partial pressure has little effect on the 

φ−pH diagram, but sufficient hydrogen will cause 
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the V−H2O system to be at a lower potential. This 

can ensure that the preparation of V2O3 takes place 

in a reducing atmosphere. 

(2) The activation energy of preparation of the 

V2O3 via SpHR is 38.0679 kJ/mol. This indicates 

that the reduction is controlled by a combination of 

interfacial chemical reaction and internal diffusion 

steps. The reduction is controlled by interfacial 

chemical reaction in the earlier time, and it is 

controlled by internal diffusion in the later time. 

The effects of vanadium concentration and H2 

partial pressure on the kinetics indicate that the 

effect of the H2 partial pressure (K=0.05246) on the 

reaction rate is not as significant as the vanadium 

concentration (K=1.58872). 

(3) V2O3 crystals with a purity of 99.59% and 

a vanadium precipitation rate of 99.83% were 

obtained under the following conditions: pH of 5−6, 

c(V2O5) of 0.5 mol/L, p(H2) of 4 MPa, m(PdCl2) of 

10 mg, T of 250 °C, and t of 2.5 h. 
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摘  要：为了克服 V2O3 传统还原焙烧工艺具有的流程长、能耗高、污染大的缺点，采用液相氢还原(SpHR)方法

制备 V2O3，并对 V−H2O 体系的 φ−pH 图和沉钒动力学进行分析。V−H2O 系 φ−pH 图的热力学分析表明：在酸性

溶液中，通过液相氢还原制备 V2O3需要较高的温度和钒浓度，以及充足的氢气。动力学研究表明：SpHR 法制备

V2O3的活化能为 38.0679 kJ/mol，表明该过程受界面化学反应和内扩散的混合步骤控制；氢分压(斜率 k=0.05246)

对反应速率的影响不如钒浓度(K=1.58872)显著。在 pH=5~6、c(V2O5)=0.5 mol/L、p(H2)=4 MPa、m(PdCl2)=10 mg、

T=250 °C 及 t=2.5 h 的条件下，获得纯度为 99.59%和沉钒率为 99.83%的 V2O3晶体。 

关键词：V2O3；液相氢还原；φ−pH 图；动力学 

 (Edited by Xiang-qun LI) 

 


