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Abstract: To solve the problems of high energy consumption, low efficiency and short service life of conventional rare 
earth reduction cells, a 20 kA new rare earth reduction cell (NRERC) was presented. The effects of the anode−cathode 
distance (ACD) and electrolyte height (EH) on the thermo-electrical behavior of the NRERC were studied by ANSYS. 
The results illustrate that the cell voltage drop (CVD) and the temperature will rise with a similar tendency when the 
ACD increases. Also, the temperature rises gradually with EH, but the CVD decreases. Ultimately, when the ACD is 
115 mm and the EH is 380 mm, the CVD is 4.61 V and the temperature is 1109.8 °C. Under these conditions, the 
thermal field distribution is more reasonable and the CVD is lower, which is beneficial to the long service life and low 
energy consumption of the NRERC. 
Key words: rare earth reduction cell; anode−cathode distance; electrolyte height; thermo-electrical field; numerical 
simulation 
                                                                                                             

 

 

1 Introduction 
 

The rare earth metals (REMs) are crucial 
strategic resources for the development of the 
economy, military, science and technology, which 
are widely used in the aerospace, electronic 
information, communication technology and 
military hardware industries. Therefore, they are 
awarded as industrial vitamins [1−3]. Currently, the 
production of REMs (lanthanum, cerium, 
praseodymium, neodymium, etc.) generally adopts 
the molten salt electrolysis process in which rare 
earth oxides are regarded as raw materials, fluoride 
molten salts are electrolytes and rare earth oxides 
are reduced to metals at cathode [4,5]. 

Although the technology of rare earth 
production is very mature, there are still many 

problems in the production process, for example, 
the small capacity of the conventional reduction cell 
(with the current of 3−10 kA), the fact that 
removing REMs and replacing anodes has a great 
influence on production state (poor stability), and 
being entirely dependent on a worker’s manual 
experience to feeding (low degree of automation). 

There are also some other issues needing to 
consider during the production process, which 
include consuming a lot of energy and releasing too 
much fluoride gas into the sky, finally causing 
environmental pollution [6−8]. Solutions to these 
problems have been restricted by the distribution of 
the reduction cell electrode which is fixed on a 
graphite crucible [9]. This distribution is not 
conducive to automation and makes the increase of 
anode−cathode distance (ACD) as the anode carbon 
blocks are consumed in the electrolysis process,  
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which causes a loss of current efficiency because 
the partial metals reduced from cathode might be 
oxidized by rising carbon dioxide between cathode 
and anode [10,11]. Furthermore, the position of the 
cathode needs to be adjusted to remove REMs 
conveniently, resulting in the poor continuity of 
production [12]. Also, it is necessary to improve the 
existing electrode structure for realizing the 
large-scale, automated and green rare earth 
reduction cell. 

To this end, for the first time, a 20 kA new rare 
earth reduction cell (NRERC) is proposed in this 
work. Compared with the conventional rare earth 
reduction cell, the NRERC has the following 
characteristics: the electrode structure is arranged 
into the upper and lower types; the ACD can be 
adjusted according to the electrolysis process; the 
selection and layout of the thermal insulation layer 
are more reasonable; the high thermal conductivity 
material is used on the side to make the cell ledge 
easier to form. The thermo-electrical field coupling 
simulation aimed at our NRERC is carried out to 
confirm the suitable technological parameters of 
electrolytic production (electrolytes height and 
anode−cathode distance), which is an important link 
for the research and development of the large, 
intelligent and cleaning rare earth reduction cell. All 
of our research is conducive to achieving a green 
revolution for the rare earth electrolysis industry. 
 
2 Mathematical model 
 
2.1 Mathematical model of electric field 

The mathematical model of the electric field is 
based on the Maxwell’s electromagnetic field 
equations. Because the electrolyte in the 
electrostatic field is neutral, the Laplace equation in 
a three-dimensional reduction cell can be obtained 
as follows [13]: 
 

2 2 2

2 2 2
+ + = 0x y z

x y z

      
  

                (1) 

 
where φ is the voltage drop (V), σx, σy and σz are the 
electrical conductivity (S/m) in X, Y and Z  
directions, respectively. 
 
2.2 Mathematical model of thermal field 

The heat balance equation in reduction cell is 
given as 
 
Wi−∆H0−QL=0                          (2) 

where Wi is the energy that input to reduction cell 
per unit time (J/s), ΔH0 is the dissipated energy per 
unit time (J/s), and QL is the heat loss per unit time 
(J/s). 

According to the principle of heat transfer, the 
governing equation for the thermal field is 
described by [14] 
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               (3) 
where T is the temperature (K), qs is the heat source 
(W/m3), c is the heat capacity (J/(kgꞏK), t is the 
time (s), ρ is the density (kg/m3), and Kx, Ky and Kz 
are the thermal conductivities (W/(mꞏK), in X, Y 
and Z directions, respectively. 

The calculation in this study is steady-state, 

and the temperature does not change with time. 

Therefore, 0
T

c
t

 



, Eq. (3) can be redefined as 
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  (4) 

 
In the actual operation of the reduction cell, 

the electric field and thermal field interact. The 
electric field affects the thermal field by producing 
ohmic heat. Conversely, the thermal field affects the 
electric field because the temperature can change 
the conductivity of materials. Therefore, the 
conductivity of the materials in the electric field is 
expressed as a function of temperature. 

A fully coupled thermo-electrical model was 
run to obtain the electrical potential and the 
temperature fields. Thermo-electrical solid elements 
SOLID69 was used to transmit heat and current as 
well as generate Joule heat, and SOLID70 
thermal-only elements were used to simulate the 
heat transfer for thermal insulating materials. The 
SOLD69 and SOLD70 represent different element 
types. For example, SOLD70 has three-dimensional 
heat conduction capacity, eight nodes and only one 
degree of temperature freedom on each node. It can 
be used for three-dimensional static or transient 
thermal analysis. The unit can achieve uniform heat 
transfer. The total number of nodes is 904706. The 
finite element method is to discretize a continuous 
structure into finite elements which are combined at 
the nodes, simplify the load to the nodes, calculate 
the temperature of each node under the load, and 
then calculate the temperature of each element. The 
solution of discrete body is approximated to that of 
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original continuum. If the element division is small 
enough, the result will be closer to reality, but this 
will be time-consuming. 
 
3 Numerical simulation 
 
3.1 Design of NRERC 

In this study, the electrode structure of the 
NRERC is upper and lower arrangements (Fig. 1). 
The anode carbon blocks can be moved to adjust 
the ACD, which effectively avoids excessive cell 
voltage drop (CVD) in the NRERC. The NRERC 
side uses Z-type SiC that has good thermal 
conductivity, and it can release part of energy from 
the bath and form a cell ledge, which can then 
prolong the service life of the NRERC. In addition, 
the NRERC lining is constructed by graphite carbon 
blocks, castables, refractory bricks, ceramic 
fiberboard, etc. 

The technological parameters of NRERC are 
shown in Table 1 (taking electrolysis of Nd2O3 as an 
example). 
 

 

Fig. 1 Structure of new rare earth reduction cell 

(NRERC) 

 

3.2 Physical properties of materials 
The electrical conductivity and thermal 

conductivity of the NRERC materials are important 
parameters for the coupled thermo-electrical field 
simulation, and the corresponding functional forms 
are shown in Table 2. 

Refractory bricks, castables, ceramic 
fiberboard and silicon carbide in the reduction cell  

can be regarded as insulators. The composition of 
the electrolyte is 85% NdF3, 15% LiF, and Nd2O3 
accounts for 3% NdF3 and LiF. The solidification 
isotherm of the electrolyte is 1020 °C [28]. The 
electrolyte is not conductive in the solid state, and 
the conductivity increases with the increase of 
temperature in the melting state. 
 
3.3 3D finite element model 

According to the above design of NRERC, a 
3D model is established, as shown in Fig. 2. 

 
3.4 Boundary condition 

The current first enters into the reduction cell 
through the anode, then goes through the electrolyte 
and finally is draws to the cell through the cathode 
collector bars (tungsten). In the process, the ohmic 
heat is generated to maintain the temperature of the 
reduction cell. However, in the actual operation of 
the reduction cell, the cell temperature will change 
due to the presence of bubble voltage drop, contact 
voltage drop and electrochemical reactions. These 
factors have an important impact on the thermal 
field. But to date, few models integrate all these 
phenomena in the same studies since it will take 
several weeks or months of CPU time to resolve a 
complex multiphysics simulation. To get more 
accurate simulation results, these factors should not 
be ignored. Therefore, this paper not only combines 
the existing research methods but also simplifies 
these factors as follows. 

Bubble voltage drop: In the process of 
electrolysis production, the bubble (CO2 and CO) 
formed in the bottom of anode reduces the contact 
area of anode and electrolytes and then results in 
the augment of resistance, which finally causes the 
increase of cell voltage. Here, the increased voltage 
is regarded as bubble voltage drop. In order to be 
convenient to combining with simulation, we 
assumed that the bubble voltage drop is generated 
by the bubble layer and the bubble layer is a kind of 
simulated material. The bubble layer is between 
anodes and electrolytes. The anode reaction of rare  

 

Table 1 Technological parameters of new rare earth reduction cell  

Current/ 
kA 

Electrolyte  
type [15,16] 

Number of  
cathodes 

Number of 
 anodes 

Jc/ 
(Aꞏm−2) 

Ja/ 
(Aꞏm−2) 

20 NdF3, LiF, Nd2O3 7 14 16200 7900 

Jc: Cathode current density; Ja: Anode current density 
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Table 2 Electrical conductivity and thermal conductivity of different materials 

Material Electrical conductivity Thermal conductivity 

Aluminium  
guide rod [17] 

σ=4.30×105T2−5.96×106T+2.97×107 (298−923K)
γ=1.00×10−4T2+8.00×10−4T+ 

185.71 (298−923K) 

Anode carbon block [18] 
σ=6.83×10−5T3−8.42×10−2T2+38.00T+1.43×104 

(298−1473K) 
γ=6.88×10−3T+5.11 (298−1473K) 

Steel claw [19] σ=4.25T2−8.70×103T+5.00×106 (298−1473K) 
γ=−4.05×10−2T+61.2 (298−1073K) 
γ=−5.00×10−3T+32.50 (1073−1473K)

Graphite carbon block [20] 
σ=1.41×10−4T3−0.19T2+86.80T+1.56×104 

(298−1473K) 
γ=0.01T+94.11  (298−1473K) 

Refractory brick [21] − γ=4.50×10−4T+0.87 (298−1473K) 

Castable [22] − γ=1.40×10−4T+0.16 (298−1473K) 

Cathode (tungsten) [23] 
σ=−1.15×10−2T3+32.10T2− 

3.01×104T+1.05×107  (298−1473K) 
γ=−1.83×10−8T3+8.34×10−5− 

0.13T+175 (298−1473K) 

Paste [24] 

σ=6.51×10−5T2−1.74×10−2T+2.73 (298−673K)
σ=−2.96T+1685.20 (673−773K) 

σ=3.12×10−2T2−33.60T+1.07×104  (773−1173K)
σ=0.13T+881.24 (1173−1273K) 
σ=−2.34T+3995.30 (1273−1473K) 

γ=2.60×10−3T+2.30 (298−773K) 
γ=1.14×10−2T−2.10 (773−1473K) 

Ceramic fiberboard [25] − γ=1.04×10−4T+4.70×10−2 (298−1473K)

Silicon  
carbide [26] 

− γ=−1.63×10−4T+39.60 (298−1473K)

Electrolyte (molten salt) [27] σ=−1.06×10−2T2+24.86T−14190 
 (1293−1473K) γ=1.30×10−4T+1.06 (298−1473K) 

where T is the temperature (K), σ is the electrical conductivity (S/m), γ is the thermal conductivity (W/(mꞏK)) 

 

 

Fig. 2 3D model of NRERC 

 
earth reduction cell is the same as that of aluminum 
reduction cell, in which carbon is oxidized to CO2 
and CO, and the gas evolution potential is the same. 
Therefore, we can calculate the conductivity of the 
bubble layer by referring to the method in the 
aluminium reduction cell simulation. From the 
aluminium reduction cell simulation in Ref. [29], it 
was mentioned that the maximum average voltage 
drop in the reduction cell was 24.5 mV when the 
size of anode carbon block was 22 mm × 50 mm × 

70 mm (length × width × height) and the current 
density was 0.9 A/cm2. Here, we adopted 24.5 mV 
as the bubble voltage drop of our NRERC. So the 
resistivity of the bubble layer is calculated 
according to the bubble voltage drop using the 
following equation:  

m
m

V

JD
                                  (5) 
 
where ρm is the resistivity of bubble layer (Ωꞏm), Vm 
is the bubble voltage drop (0.0245 V), J is the 
anode carbon block current density (A/m2) and D is 
the thickness of bubble layer (m). 

Contact voltage drop: In the process of actual 
production, contact voltage drop exists between 
different materials. In order to combine simulation 
and actual condition, we assume that the contact 
voltage drop between materials comes from a layer 
model with a given thickness. The density, thermal 
conductivity and specific heat of the above layer 
model were replaced by the paste from Ref. [30]. 

Electrochemical reaction: In the process of 
electrolysis, the anode carbon blocks are consumed 
and release heat. When the temperature in the cell is 
higher than 900 °C, carbon monoxide is the main 
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precipitated gas [31]. Through the anode carbon 
blocks consumption rate and reaction enthalpy, the 
heat releases per unit of time can be calculated. 
Thus the heat generation rate can be obtained, 
which is 8493 kJ/h. 

Considering the numerical simulation 
environment is an ideal state, we assume that there 
are not rare earth oxides and electrolyte feeding, 
and the current intensity is constant. The boundary 
conditions were applied as follows. 

Electrical field: The end area of cathode 
collector bars was chosen as the zero potential and a 
constant current of 20 kA was forced with a floating 
constant potential on the anode carbon steel bar’s 
top surface. This was achieved by coupling the 
voltage on the surface nodes while forcing constant 
current on one of its other nodes [32]. 

Thermal field: Heat is lost to the ambient air 
by means of convection and radiation of the 
NRERC’s surfaces. The heat transfer of the 
NRERC’s surfaces acts as the third boundary 
condition. The heat convection coefficient is 
calculated by using the following formula [33]:  
Qc=αc(t1−t0)A                            (6)  
where Qc is the heat-transfer rate (J/s), αc is the heat 
convection coefficient (W/(m2ꞏK)), t1 is the surface 
temperature (K), t0 is the environment temperature 
(K), and A is the area of convection (m2). 

αc is the heat convection coefficient of the 
natural convection between the surface and 
environment; it has a different calculation formula 
for different directions of three surfaces [34]. 

Top surface:  
αT=1.31(t1−t0)

1/3                              (7) 
 

Vertical surface: 
 
αV=1.52(t1−t0)

1/3                            (8) 
 

Bottom surface: 

1/31/3
1 0

B
( )

0.58
t t

L


 
  

  
                    (9) 

where αT, αV and αB are the top surface convection 
coefficient (W/(m2ꞏK)), the vertical surface 
convection coefficient and the bottom surface 
convection coefficient, respectively, and L is the 
length of the shorter side on the surface (m). 

The radiation heat loss QR (J/s) of the 
reduction cell surface is given as [35,36] 
 
QR=ε[(t1+273)4(t0+273)4]A               (10) 

where ε is the emissivity,  is the Stefan− 
Boltzmann constant, and A is the area of radiation 
(m2). 
 
4 Results and discussion 
 

For the NRERC, the different effects of ACD 
and EH on the electrical and thermal fields were 
investigated. The ACDs are 85, 95, 105, 115, 125, 
135 mm and the EHs are 320, 340, 360, 380, 400, 
420 mm. 
 

4.1 Effects of ACD on electric field and thermal 
field 
The CVD is composed of cathode voltage  

drop, anode voltage drop, electrolyte voltage drop 
and bus voltage drop of the reduction cell (bus 
voltage drop is not considered in this study). This is 
defined as [37] 
 
V=V1+V2+V3                           (11) 
 
where V1 is the cathode voltage drop, V2 is the 
anode voltage drop, and V3 is the electrolyte voltage 
drop. 

The CVD distributions are shown in Fig. 3. As 
can be seen from Fig. 3, the maximum potential of 
the reduction cell is distributed at the anode 
aluminum guide rod and the minimum potential is 
distributed at the cathode collector bar, which is 
consistent with the current flow from the anode to 
the cathode. Besides, the CVD is mainly distributed 
in the electrolyte, anode and cathode. The 
electrolyte voltage drop is the largest. The CVD 
increases with the ACD. This is because the 
electrical current pathway flowing into electrolyte is 
longer than before when the ACD increases, 
resulting in an increase of path resistance. 

The CVD varies with ACD as shown in Fig. 4. 
The tendency of CVD is linear with the augment of 
ACD from 85 to 115 mm, and then nonlinear from 
115 to 135 mm. To sum up, the CVD increases from 
4.05 to 5.41 V. For different ACD, the thickness of 
electrolyte between the anode and the cathode has a 
distinct variation, so the electrolyte voltage drop in 
the NRERC is different. The percentage of 
electrolyte voltage drop with the CVD is shown in  
Table 3. It can be seen from Table 3 that the 
electrolyte voltage drop accounts for a large 
proportion of the CVD, and the increase of ACD 
enhances the percentage of the electrolyte voltage 
drop. 
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Fig. 3 Cell voltage drop (CVD) distribution with different anode−cathode distances: (a) 85 mm; (b) 95 mm; (c) 105 mm; 

(d) 115 mm; (e) 125 mm; (f) 135 mm 

 

 
Fig. 4 CVD as function of ACD 
 

In the NRERC, the heat will be consumed by 
convection and radiation between the reduction cell 
and air. During operation, electrical current enters 
the cell through the anode beams and is distributed 
among all operating anodes. The current flow 
creates an electrical network consisting of parallel 
circuits with a structure determined by the anode 
arrangement. Path resistances in those parallel 

Table 3 Percentage of electrolyte voltage drop in new 
rare earth reduction cell 
ACD/
mm 

CVD/V 
Electrolyte  

voltage drop/V 
Percentage/

% 

85 4.05 2.56 63.21 

95 4.2 2.71 64.52 

105 4.37 2.89 66.13 

115 4.61 3.14 68.11 

125 5.07 3.61 71.2 

135 5.41 3.95 73.01 

 

circuits are responsible for the ohmic heat 
generation within the cell. Finally, when the rate of 
heat dissipation is equal to the rate of heat 
formation, a steady-state thermal balance was 
formed. 

Figure 5 shows the thermal field distribution 
with different ACD. It can be seen from that the 
maximum temperature of the NRERC distributed in 
the electrolyte, which increases with the ACD, and 
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the minimum temperature on the outer surface of 
the NRERC is 42 °C. On the outer surface of 
NRERC, the temperature of the SiC structure is 
higher than that of others. This is mainly due to the 
good thermal conductivity of SiC, which transfers 
the heat from the electrolyte to the outer surface of 
silicon carbide, resulting in the high temperature of 
outer surface of silicon carbide. The good thermal 
conductivity of SiC is conducive to forming the cell 
ledge where the electrolyte freezing occurs in the 
bath side. The red region boundary line represents 
electrolyte solidification temperature of 1020 °C, 
and the red region in the picture is a high 
temperature above 1020 °C, in which the 
electrolytes are in a melting state. From Fig. 5, it 
can be seen that the NRERC temperature slowly 
increases, and the electrolyte solidification isotherm 
expands gradually outward with the ACD. When 
ACD is 115 mm, the solidification temperature line 
has a reasonable distribution, the cell ledge 
thickness is appropriate for NRERC. 

Figure 6 shows the relationship between the 
cell temperature and the ACD. It is found that when 
the ACD increases from 85 to 115 mm, the cell 
temperature increases linearly from 1087.5 to 
1109.8 °C. Then, it presents a non-linear change. 
When compared to Fig. 4, we find that the NRERC 
temperature and voltage drop have the same trend. 
This mainly is due to the Joule heat generated by 
the current, which flows through the electrolyte to 
provide a heat source. 

 
4.2 Effect of EH on electric field and thermal 

field 
The EH is a very important parameter for the 

NRERC. If the electrolyte is too high, the NRERC 
will generate a thicker crust, which makes it 
difficult to feed, resulting in reduced oxide 
solubility, easy precipitations and poor thermal 
stability. Hence, it is necessary to find a suitable 
electrolyte height before the NRERC is baked and 
started. 

 

 
Fig. 5 Cell temperature contours and distribution with different ACD: (a) 85 mm; (b) 95 mm; (c) 105 mm; (d) 115 mm; 

(e) 125 mm; (f) 135 mm 
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Fig. 6 Relationship between cell temperature and ACD 

for NRERC 

 
Figure 7 shows the variation of the CVD with 

the EH. The maximum potential of the reduction 
cell is distributed at the anode aluminum guide rod 
and the minimum potential is distributed at the 
cathode collector bar. The side of the reduction cell  

is an insulator and there is no current through it, 
causing that potential is zero. It can be seen from 
the figure that the CVD decreases when the EH 
increases. Compared to the change of ACD, the EH 
has less influence on the CVD. From Fig. 8, it can 
be seen that when the EH rises from 320 to     
380 mm, the CVD decreases. From 380 to 400 mm, 
the CVD has a sharp drop and then returns to a 
normal decline. The change of EH has little effect 
on cell voltage (only 0.076 V). 

Figure 9 shows the cell temperature 
distribution with different EH, and the minimum 
temperature on the outer surface of the NRERC is 
42 °C. The cell temperature increases with EH and 
the solidification isotherm moves outward, meaning 
that the high-temperature zone of the reduction cell 
diffuses outward. The thickness of the NRERC’ 
crust will increase and the thermal insulation of 
NRERC is strengthened with the increase of EH. As 
shown in Fig. 10, the cell temperature increases 
linearly with the EH and the cell temperature  

 

 
Fig. 7 CVD distribution with different EH: (a) 320 mm; (b) 340 mm; (c) 360 mm; (d) 380 mm; (e) 400 mm; (f) 420 mm 
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Fig. 8 Relationship between CVD and EH for NRERC 

 
increases from 1100.9 to 1116.7 °C. At the same 
time, the higher the cell temperature is, the lower 
the CVD is, which can be ascribed to the reason 
why the increase of cell temperature leads to the  

decrease of electrolyte resistivity. The results are in 
agreement with Fig. 8, in which the cell voltage 
decreases with the EH. Especially, when the EH is 
380 mm, the cell temperature distribution is more 
reasonable. 

In this work, taking electrolysis of neodymium 
oxide as an example, combined with numerical 
simulation of a coupled thermo-electrical field, we 
can get the applicable ACD and EH of the new rare 
earth reduction cell. This cell is still suitable for the 
production of other rare earth metals using molten 
salt electrolysis process. But for different rare earth 
electrolysis, their electrolytes and temperatures are 
different and the insulation structure of the rare 
earth reduction cell needs to be redesigned. For the 
production process of rare earth metals with lower 
electrolysis temperature, the thickness of insulation 
materials should be reduced, and on the contrary, 
the insulation should be strengthened. 

 

 

Fig. 9 Cell temperature distribution with different EH: (a) 320 mm; (b) 340 mm; (c) 360 mm; (d) 380 mm; (e) 400 mm; 

(f) 420 mm 
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Fig. 10 Relationship between cell temperature and EH 

for NRERC 

 

5 Conclusions 
 

(1) As the ACD increases, the CVD increases 
from 4.05 to 5.41 V. This is because the electrolyte 
between anodes and cathodes becomes thicker and 
the resistance of the current path increases with the 
increase of the ACD. Also, the cell temperature 
increases with the ACD. The main reason is that 
with the increase of ACD, the resistance of current 
path increases, which leads to an increase of Joule 
heat and cell temperature. The CVD and cell 
temperature have a similar trend with the ACD. 

(2) As the EH rises, the CVD increases. When 
the EH increases from 320 to 380 mm, the CVD 
decreases evenly and then the descend becomes 
sharply, and finally a uniform decline occurs. The 
cell temperature keeps a linear increase with the EH. 
Compared with the change of ACD, the EH has less 
influence on the reduction cell. 

(3) When the ACD is 115 mm and the EH is 
380 mm, the cell voltage drop is 4.61 V and the 
temperature is 1109.8 °C. Under the condition, the 
thermal field distribution of the NRERC and the 
structure of the cell side ledge are more reasonable, 
which is more conducive to enhancing the service 
life of the reduction cell. 
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摘  要：针对传统稀土电解槽具有能耗高、效率低、使用寿命短等缺点，提出一种 20 kA 新型稀土电解槽。采用

ANSYS 探究极距和电解质高度对电热场分布的影响。结果表明：随着极距增加，电解槽欧姆压降和温度以相同

的趋势增加；同时，随着电解质高度增加，电解槽温度逐渐升高，但电解槽欧姆压降下降；最终，当极距为 115 mm、

电解质高度为 380 mm 时，电解槽的欧姆压降为 4.61 V，温度为 1109.8 °C，此时电解槽的热场分布更加合理，槽

电压较低，这有利于延长新型稀土电解槽的使用寿命，降低其能耗。 

关键词：稀土电解槽；极距；电解质高度；电热场；数值模拟 
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