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Abstract: The volatilization characteristics and kinetic mechanisms of arsenic were investigated in the temperature range 
of 623−773 K and pressure ranges of 10−10000 Pa. The experimental results reveal that the evaporation rate increases 
with increasing temperature and decreasing pressure. Surface reaction control dominates at low pressures (<100 Pa), 
whereas diffusion control dominates at high pressures (>5000 Pa). The evaporation behavior is successfully described by 
an Arrhenius-type model for temperature dependence and Logistic model for pressure dependence. Key kinetic 
parameters, including the critical pressure, maximum evaporation rate and evaporation coefficient, were calculated. The 
evaporation coefficient varies between 0.010 and 0.223, and the critical pressures vary between 281 and 478 Pa with 
temperature. 
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1 Introduction 
 

Arsenic plays a critical role in various industrial 
applications, including semiconductor manufacturing, 
wood preservatives, and alloying agents [1−3]. 
However, arsenic is highly toxic, and stringent 
purification processes are required to minimize  
both environmental and human health risks [4,5]. 
Industrial arsenic typically exists in an impure form 
and is recovered from arsenic-rich smelter dust, 
which often contains significant levels of impurities 
such as sulfur, lead, copper, and selenium [6−8]. 
Currently, vacuum distillation is recognized as an 
efficient and environmentally friendly technique for 
refining crude arsenic [9]. Arsenic can be vaporized 
at relatively low temperatures, whereas other 

impurities, which have much lower vapor pressures, 
remain in the residue; thus, this process achieves 
purification. With this method, crude arsenic with a 
purity of 95%−98% or an As-based alloy can be 
refined to pure arsenic (As ≥99.9%) [10−13]. 
Arsenic can also be removed from various complex 
materials via vacuum distillation through its 
volatility. YANG et al [14] used a vacuum reduction 
method to remove arsenic from arsenic-containing 
polymetallic materials and achieved a removal rate 
greater than 96%. ZHANG et al [11] employed     
a vacuum gasification−directional condensation 
method to remove arsenic impurities from crude tin, 
with both arsenic removal rates and tin recovery rates 
exceeding 99%. Although considerable research  
has focused on process optimization involving 
temperature, pressure, and operation time, most of  
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these studies remain empirical and lack systematic 
investigations into the volatilization kinetics and 
fundamental evaporation mechanisms. 

Previous studies have shown that the 
volatilization behavior of metals such as antimony 
and selenium under vacuum conditions is closely 
related to their kinetic characteristics. For example, 
the volatilization behavior of elemental antimony 
under vacuum conditions was investigated at 
different temperatures (973−1473 K) and pressures 
(5−500 Pa), and the results revealed that the 
evaporation rate of antimony had a linear 
relationship with temperature and followed a logistic 
model with pressure [15,16]. Similarly, the 
evaporation kinetics of lead, silver, and their alloys 
revealed that the evaporation rate linearly increased 
with temperature and exponentially decreased with 
pressure, and important insights for optimizing 
vacuum separation processes were obtained [17]. 
The volatilization of elemental selenium exhibited 
three-stage behavior with a critical pressure point, 
highlighting the complexity of its volatilization 
kinetics and providing a basis for efficient selenium 
separation [18]. Despite the widespread use of 
vacuum distillation for arsenic purification or arsenic 
removal from various secondary resources,      
the fundamental mechanisms governing its 
volatilization behavior have been inadequately 
explored [19,20]. 

To address these gaps, in this study, the 
volatilization behavior and kinetic mechanisms of 
arsenic under various vacuum distillation conditions 
were investigated, and experimental measurements 
and theoretical modeling were combined to establish 
quantitative kinetic parameters for process 
optimization.

 
2 Experimental 
 
2.1 Materials and equipment 

As shown in Fig. 1(a), high-purity arsenic 
(99.99%), which was obtained from an industrial 
smelting process at Shandong Humon Smelting Co., 
Ltd., China, was used to ensure the accuracy and 
reproducibility of the experimental results. As shown 
in Fig. 1(b), a vacuum differential mass analyzer was 
used for the experiments and could accurately 
determine the changes in the metal mass and 
pressure during the vacuum distillation process. 

The apparatus was equipped with a high-
precision temperature and pressure controller, and 
the distilled temperature and system pressure 
fluctuations were accurately controlled. The 
measurement accuracies for the mass, pressure   
and temperature were 0.001 g, 0.1 Pa and ±1 K, 
respectively. The system could read 50 data points 
per second, ensuring high reliability of the collected 
data. The crucible material was selected for its 
thermal stability and inertness to arsenic under the 
experimental conditions, and the volatilization 
surface area of the crucible was 7.065 cm2 
throughout the experiment. A condensation device 
was installed above the crucible to ensure that all the 
arsenic vapor was condensed. The mass changes of 
arsenic over time under different temperatures and 
pressures were measured experimentally, and the 
evaporation rate of arsenic (ω) was calculated on the 
basis of its definition, as shown in Eq. (1): 
 

( )m t
t S

ω ∆
=
∆ ⋅

                                (1) 
 
where Δm represents the mass change, Δt represents 
the time interval, and S represents the evaporation area. 

 

 

Fig. 1 (a) High-purity arsenic raw material and (b) vacuum differential gravity furnace 
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2.2 Experimental setup 
Approximately 30 g of high-purity arsenic was 

weighed and placed in a high-purity graphite 
crucible. Vacuum distillation experiments were 
performed at various temperatures and pressures   
to comprehensively investigate the volatilization 
behavior of arsenic. The selected temperature range 
was 623−773 K, and this range was representative of 
industrial distillation conditions. The pressure varied 
from 10 to 10000 Pa to cover a wide range of 
vacuum conditions, which enabled the identification 
of critical pressure points that significantly affect the 
evaporation rate. Before heating, argon gas was 
emitted into the furnace three times to ensure that all 
the air was completely displaced and discharged to 
prevent arsenic oxidation during heating. The sample 
was heated at a controlled rate of 10 K/min until the 
designated temperature was reached and stable, and 
the vacuum system was activated to achieve the 
desired pressure level. The system was then held at 
the set temperature and pressure until the mass 
change of the sample stabilized; this process ensured 
that equilibrium conditions were reached. The mass 
of the sample and the temperature and pressure of the 
system were recorded in real time, and the data 
collection frequency was 50 readings per second to 
capture the transient changes effectively. Each 
experiment was conducted for a maximum duration 
of 5 min at a stable target system temperature and 
pressure to ensure sufficient data collection for 
kinetic analysis. This real-time monitoring enabled 
the precise determination of the evaporation    
rates and ensured that all critical points in the 
volatilization process were accurately captured. 
After the distillation was completed, the system was 
gradually cooled under controlled conditions to 
prevent the diffusion of arsenic vapor, and the 
condensed arsenic was collected from the cooler 
surfaces. 
 
2.3 Experimental data analysis methods 

In the experiment, the evaporation rates were 
determined on the basis of the mass loss of arsenic 
over time, the data were measured at various 
temperatures and pressures, and the differential 
method was used to calculate the evaporation rate to 
determine the volatilization behavior of the sample 
at different pressures. Anomalies in the mass change 
were observed during the experiment; to ensure the 
reliability of the original data, a systematic statistical 
analysis was conducted. The recorded mass loss data 

were initially screened using boxplots to identify and 
remove the outliers caused by system instability, 
vacuum fluctuations, and measurement noise. The 
original data were divided into 50 intervals (5 s per 
interval). For each segment, the local slope (Δm/Δt) 
was calculated and used to determine the 
instantaneous evaporation rate using Eq. (1). For 
each temperature and pressure, the slope data were 
analyzed to calculate the mean and standard 
deviation after abnormal values were excluded. The 
95% confidence interval was used to assess the 
reliability and stability of the evaporation rate data. 
The Shapiro−Wilk and Kolmogorov−Smirnov tests 
were applied to verifying the normal distribution of 
the slope data. For data sets that did not meet the 
normality criteria, square root transformations were 
performed to ensure valid statistical evaluation. The 
slope value corresponding to the normalized mean 
served as the overall parameter estimate (∆m/∆t) to 
calculate accurate evaporation rate. 
 
3 Results and discussion 
 
3.1 Determination of evaporation rate of arsenic 

The mass loss of the arsenic samples is recorded 
at various temperatures and pressures during the 
vacuum distillation experiments, as shown in Fig. 2. 
The results clearly indicate a trend of mass reduction 
with time, and this trend shows significant variability 
contingent on the experimental conditions. At lower 
pressures and higher temperatures, the mass loss rate 
is substantially greater, indicating the increased 
volatility of arsenic under these conditions. 
Figures 2(a−d) show the variation in the arsenic 
mass over time at different pressures but at a  
constant temperature. On the basis of these results, 
lower pressures result in more pronounced mass 
reduction, indicating increased evaporation rates. At 
10 and 50 Pa, the mass of arsenic decreases at a 
significantly faster rate than at higher pressures, such 
as 5000 and 10000 Pa. These results indicate that 
lower pressures facilitate the evaporation of arsenic 
by reducing the resistance from the surrounding 
atmosphere, allowing arsenic atoms to transition 
more readily to the vapor phase. Additionally, the 
increase in temperature from 623 to 773 K 
accelerates this mass reduction, highlighting the 
importance of both temperature and pressure in 
controlling the evaporation rates. Similarly, 
Figures 3(e−j) present the mass variation of  
arsenic over time at a fixed pressure with varying 
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Fig. 2 Material mass variation over time at different temperatures and pressures: (a) 623 K; (b) 673 K; (c) 723 K;       
(d) 773 K; (e) 10 Pa; (f) 50 Pa; (g) 500 Pa; (h) 1000 Pa; (i) 5000 Pa; (j) 10000 Pa 
 

 
Fig. 3 (a−d) Box plots of material mass variation at different temperatures and pressures; (e−h) Box plots of evaporation 
rates at different temperatures and pressures 
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temperature. These findings reveal that the 
evaporation rate is significantly affected by 
temperature. Higher temperatures result in an 
increased rate of mass loss, and the sharpest decrease 
is observed at 773 K. This finding is attributed to  
the greater kinetic energy of the arsenic atoms at 
elevated temperatures, which facilitates their 
transition from the condensed phase to the vapor 
phase. A comparison of different temperatures at the 
same pressure clearly reveals that temperature plays 
a critical role in determining the efficiency of the 
distillation process. 

To ensure the accuracy of the data used      
to calculate the evaporation rate, mathematical 
statistics is used to filter and statistically analyze the 
experimental data shown in Fig. 2, and the results are 
shown in Figs. 3(a−d). The box plots at 623, 673, 723, 
and 773 K under various pressure conditions reveal 
the significant effect of temperature and pressure on 
the volatilization behavior of metals. The variation in 
different distillation temperatures results in a more 
dispersed mass distribution of arsenic, and low 
pressures (such as 10−500 Pa) result in a more 
significant decrease in mass. These results indicate 
that low pressure is beneficial for accelerating the 
volatilization of arsenic. Higher pressures (such as 
5000 and 10000 Pa) have inhibitory effects on 
volatilization. In addition, at lower temperatures, the 
data are more concentrated, indicating a stable 
volatilization process. At higher temperatures, the 
range of mass distribution increases significantly, 
and more outliers are observed, which indicates 
faster evaporation rates and greater process 
variability. After the filtered mass versus time data 
are obtained using box plots, the evaporation rate 
data points are segmented via Eq. (1), and a box plot 
of the evaporation rates at different temperatures and 
pressures is generated and plotted, as shown in 
Figs. 3(e−h). The evaporation rate decreases with 
increasing pressure across all temperatures, whereas 
higher temperatures significantly increase 
volatilization at low pressures. These factors result in 
increased mean values and broader distribution 
ranges. Overall, volatilization behavior is regulated 
by both temperature and pressure. At low pressure, 
temperature plays a dominant role, resulting in more 
intense volatilization. However, at high pressures, 
the suppression effect of pressure becomes 
predominant, and stable and negligible evaporation 
rates are attained. After the data are filtered, the 

actual evaporation rates of arsenic under different 
temperatures and pressures are calculated and given 
in Table 1. 
 
Table 1 Evaporation rates of arsenic at different 
temperatures and pressures (g·s−1·cm−2) 

Pressure/ 
Pa 

Temperature/K 

623 673 723 773 

10 4.10×10−3 4.22×10−3 1.13×10−2 1.32×10−2 

50 3.44×10−3 3.91×10−3 1.00×10−2 1.21×10−2 

500 3.12×10−3 3.55×10−3 9.73×10−3 1.11×10−2 

1000 1.41×10−3 1.83×10−3 3.17×10−3 5.29×10−3 

5000 2.30×10−4 4.38×10−4 1.17×10−3 2.25×10−3 

10000 5.04×10−5 1.99×10−5 4.143×10−4 5.44×10−4 

 
3.2 Relationship between evaporation rate of 

arsenic and temperature 
The actual evaporation rates of arsenic (ωAs) 

listed in Table 1 are plotted as ωAs vs T and ln ωAs vs 
1/T, as shown in Figs. 4(a, b), respectively. As shown 
in Fig. 4(a), ωAs exhibits notable regularity as it 
varies with temperature and system pressure, and ωAs 
exhibits a significant nonlinear dependence on 
temperature, with a rapid exponential increase as  
the temperature increases. Across all pressures, a 
consistent trend of increasing evaporation rates  
with increasing temperature is observed. This 
phenomenon can be attributed to the additional 
thermal energy supplied by elevated temperatures, 
and this thermal energy facilitates the volatilization 
of arsenic molecules. At lower pressures (such as 10 
and 50 Pa), the increase in the evaporation rate     
is particularly pronounced, especially within the 
temperature range from 673 to 723 K, where a rapid 
surge in volatility is observed. These results reveal 
the significant promoting effect of temperature on 
volatilization. As shown in Fig. 4(b), ln ωAs has a 
linear relationship with the reciprocal of the 
distillation temperature under constant pressure. 
This behavior indicates a thermally activated process 
that can be described by the Arrhenius equation: 
 
ln ωAs=ln A−Ea/(RT)                      (2) 
 
where A is the preexponential factor, 1/s; Ea is    
the activation energy, J/mol; T is the distilled 
temperature, K; R is the molar gas constant. The 
kinetic parameters A and Ea can be calculated by 
linearly fitting the slope and intercept at different  
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Fig. 4 (a) Plots of ωAs vs T at different system pressures, (b) plots of ln ωAs vs 1/T at different system pressures,         
(c) activation energy Ea at different pressures, and (d) preexponential factor A at different pressures 
 
pressures, as shown in Fig. 4(c). Ea clearly remains 
relatively stable within the range of 35−38 kJ/mol, 
whereas A ranges from 1.2 to 4.5 s−1 at low pressures 
of 10−1000 Pa. These results indicate that the 
evaporation process is governed predominantly   
by surface-controlled physical adsorption and 
desorption at low pressure. The individual arsenic 
molecules detach from the solid or liquid phase  
and enter the vapor phase; therefore, temperature   
is the primary driver of the evaporation rate. At  
high pressures in range of 5000−10000 Pa, the 
dependence of the evaporation rate on temperature 
deviates from linear Arrhenius behavior and reveals 
more complex kinetic characteristics. These results 
indicate that the volatilization process at high 
pressures is no longer dominated solely by surface 
desorption but is affected by additional factors, 
including nonideal gas behavior, increased 
intermolecular interactions, and increased diffusion 
resistance. The substantial increase in Ea at high 
pressures likely represents the additional energy 
needed to overcome the molecular clustering or 
attractive forces in the gas phase. However, the 
increase in A indicates a transition to more complex 
dynamic behavior, potentially involving changes in 
surface activity or multimolecular interactions. 
Overall, the volatilization mechanism of arsenic 

indicates a distinct transition between the low-
pressure regime and the high-pressure regime. At 
low pressures, the process is kinetically simple and 
surface controlled and is characterized by lower 
energy barriers. In contrast, high pressures result in 
significant complexities, where nonideal gas effects, 
diffusion limitations, and potential vapor-phase 
saturation collectively suppress the evaporation rate. 
 
3.3 Relationship between evaporation rate of 

arsenic and pressure 
The relationship between ωAs and system 

pressure is shown in Fig. 5(a). The overall trend of 
the arsenic evaporation rate clearly changes with 
temperature and pressure. ωAs increases as the 
system pressure decreases and as the distillation 
temperature increases. However, when the system 
pressure is reduced to a certain threshold, the 
evaporation rate reaches its maximum and remains 
nearly constant thereafter. In the low-pressure region 
(<100 Pa), the evaporation rate is highly dependent 
on temperature and nearly independent of pressure, 
exhibiting characteristics of the Langmuir surface 
reaction control mechanism. As the temperature 
increases, the evaporation rate rapidly increases, 
which indicates that the process in this region is 
primarily temperature driven and dominated by the 
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activation of surface reactions. In contrast, in the 
high-pressure region (>5000 Pa), the evaporation 
rate stabilizes, indicating a transition from surface 
reaction control to diffusion control. This result is 
consistent with the Fick diffusion mechanism. In this 
region, the evaporation rate becomes limited by gas-
phase mass transfer, and further increases in pressure 
have a minimal effect. The intermediate pressure 
range (500−5000 Pa) represents a transitional zone 
for volatilization kinetics. Within this range, the 
contour lines gradually separate, which indicates that 
the evaporation rate becomes sensitive to both 
temperature and pressure. This region represents the 
shift from surface reaction control to diffusion 
control and serves as a critical window for process 
optimization. This phenomenon is a common 
characteristic feature of metal evaporation under 

vacuum conditions and is observed for elements such 
as selenium, tellurium, lead, silver, and antimony. 
The evaporation rate curves can be described in 
Logistic model, as shown in Eq. (3): 

1 2
2

01 ( / )m
A A A

p p
ω −
= +

+
                        (3) 

 
where p is the system pressure, Pa; A1, A2, p0 and   
m are constants. For each function at different 
temperatures, the value of the squared correlation 
coefficient is large (R2 >0.980) and indicates a high 
degree of accuracy in the fitting parameters and 
standard curves, as listed in Table 2. At each 
temperature, the squared correlation coefficient 
(R2 >0.980) indicates an exceptional level of 
precision in the fitting parameters and the generated 
standard curves. The results highlight the robustness 

 

 
Fig. 5 (a) Plots of evaporation rate of As vs system pressure at different temperatures, (b) Logistic model of evaporation 
rate curves, (c) relative change in ωAs in different pressure ranges, and (d) heatmap of ωAs at various temperatures and 
pressures 
 
Table 2 Fitted values of A1, A2, p0 and m at different temperatures 

Temperature/K A1 A2 p0/Pa m Squared correlation coefficient, R2 

623 3.82×10−3 −1.85×10−4 3.744 6.643 0.987 

673 4.09×10−3 −2.58×10−4 3.936 7.057 0.980 

723 1.07×10−2 6.06×10−4 3.644 11.182 0.994 

773 1.28×10−2 2.16×10−4 3.825 6.958 0.987 
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and reliability of the Logistic model (Fig. 5(b)) in 
capturing the underlying evaporation behavior. 

To better elucidate the effect of pressure on the 
evaporation behavior of arsenic, the relative change 
in the evaporation rate (Δωrelative) is calculated for 
different pressure ranges and temperatures. The 
relative change was determined using Eq. (4):  

final initial
relative

initial

ω ω
ω

ω
−

∆ =                     (4) 
 
where ωfinal and ωinitial are the evaporation rates at the 
final pressure and initial pressure, respectively, of 
each pressure range. 

As shown in Fig. 5(c), the Δωrelative decreases 
significantly as the pressure increases, particularly in 
the low-pressure range (10−500 Pa), where the rate 
sharply decreases. At higher pressures (>1000 Pa), 
the relative change become less pronounced, 
indicating a transition in the controlling mechanism 
from surface reaction control to diffusion control. 
Furthermore, higher temperatures reduce the 
sensitivity of the evaporation rate to pressure 
changes, highlighting the dominant role of 
temperature in driving the volatilization process at 
high pressures. The increased volatility at lower 
pressures is likely caused by reduced collision 
frequencies among gas molecules, which minimizes 
the recondensation or collisional loss of arsenic 
vapor molecules during the volatilization process 
and allows a greater number of arsenic molecules to 
successfully transition into the gaseous phase. The 
heatmap in Fig. 5(d) shows the variation in arsenic 
evaporation rates as a function of system pressure 
and temperature. The dark blue areas indicate low 
evaporation rates and are distributed predominantly 
in the low-temperature (640−680 K) and high-
pressure (>5000 Pa) regions. In contrast, the light 
yellow areas indicate high evaporation rates and  
are concentrated in the high-temperature (>740 K) 
and low-pressure (<500 Pa) regions; these areas 
represent the optimal conditions for volatilization. In 
the intermediate pressure range of 100−500 Pa, the 
evaporation rate smoothly transitions from high to 
low, further confirming that this region is a critical 
point for the mechanism shift. 
 
3.4 Critical pressures, maximum evaporation 

rates and evaporation coefficients 
A common feature of the evaporation of metals 

under vacuum conditions is that the evaporation rate 
reaches a maximum and does not significantly 

change when the system pressure decreases to    
the critical pressure (pcrit). As shown in Fig. 5(b), 
arsenic also follows the same pattern. The 
volatilization of arsenic clearly transitions from 
surface reaction-controlled kinetics at low pressures 
to diffusion-controlled behavior at high pressures. 
This transition is characterized by critical pressure 
regions where both mechanisms interact. The critical 
pressures of arsenic at different distillation 
temperatures are plotted by the tangent drawing 
method and are shown in Fig. 5(b). The maximum 
evaporation rates of arsenic at different distillation 
temperatures are determined by calculating the limit 
of the logistic model, where A1 represents the actual 
maximum evaporation rate of arsenic (ωmax,actual), as 
shown in Eq. (5). Additionally, the theoretical 
maximum evaporation rate (ωmax,theo) is calculated 
using the Langmuir equation, as expressed in Eq. (6). 
In this equation, p* denotes the saturation vapor 
pressure of arsenic and is calculated via the 
Clausius−Clapeyron equation (Pa), M is the relative 
molecular mass of arsenic (75 g/mol), and T ′ 
represents the surface temperature of the melt (K). 
Notably, the theoretical maximum evaporation rate 
is several orders of magnitude higher than the 
experimentally observed value. This discrepancy is 
quantified by the evaporation coefficient (α) by 
Eq. (7). The results for the critical pressure, 
maximum evaporation rate, theoretical maximum 
evaporation rate and evaporation coefficient are 
summarized in Table 3. Table 3 shows that the 
theoretical maximum evaporation rate is several 
orders of magnitude higher than the experimental 
value due to various nonideal factors, including 
molecular size, intermolecular forces, vapor-phase 
molecular collisions, temperature gradients, and 
other kinetic limitations of the actual evaporation 
process.  

1 2
max,actual 2 10

0

lim
1 ( / )mp

A A A A
p p

ω
→

 −
= + = 

+ 
        (5) 

4 *
max,theo 4.37 10 /p M Tω − ′= ×               (6) 

max,actual

max,theo
=α
ω
ω

                              (7) 

To better highlight the unique volatilization 
characteristics of arsenic, a comparative summary of 
its kinetic parameters with those of Sb and Se is 
provided in Table 4. Compared with other elements, 
arsenic has a moderate critical pressure and 
evaporation rate but a relatively lower evaporation 
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Table 3 Critical pressure, actual maximum evaporation rate (ωmax,actual), theoretical maximum evaporation rate (ωmax,theo) 
and evaporation coefficient (α) of arsenic at different temperatures 

Temperature/K Critical pressure/Pa ωmax,actual/(g·s−1·cm−2) ωmax,theo/(g·s−1·cm−2) Evaporation coefficient, α 

623 281 3.82×10−3 171×10−2 0.223 

673 363 4.09×10−3 8.93×10−2 0.046 

723 403 1.07×10−2 3.70×10−1 0.029 

773 478 1.28×10−2 1.27 0.01 

 
Table 4 Comparison of volatilization parameters of As, Sb and Se 

Element Temperature range/K pcrit/Pa ωmax/(g·s−1·cm−2) α Source 

As 623−773 281−478 3.82×10−3−1.28×10−2 0.01−0.223 This work 

Sb 823−1023 17.54−61.68 0.52−2.81 0.14−0.8 Ref. [14] 

Se 523−723 5.34−37.06 2.955×10−4−1.18×10−2 0.0039−0.0363 Ref. [17] 
 
coefficient, indicating the combined effects of its 
molecular properties and stronger intermolecular 
interactions under vacuum conditions. 
 
4 Conclusions 
 

(1) The evaporation rate of arsenic is 
determined at 623−773 K and 10−10000 Pa, which 
significantly increases with increasing temperature 
and decreasing pressure. Surface reaction control 
dominates the volatilization process at low pressures 
(<100 Pa), whereas diffusion control becomes 
significant at high pressures (>5000 Pa). 

(2) An Arrhenius-type model is established to 
describe the temperature dependence, and a Logistic 
model is applied to representing the pressure 
dependence. The volatilization kinetics and critical 
parameters, including the activation energy, 
preexponential factor, critical pressure, maximum 
evaporation rate, and evaporation coefficient, are 
determined. 

(3) These findings elucidate the volatilization 
mechanism of arsenic quantitatively and provide 
theoretical guidance for optimizing industrial 
vacuum distillation processes at low pressures and 
high temperatures. 
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摘  要：研究了在 623~773 K 和 10~10000 Pa 条件下砷的挥发特性和动力学机制。结果表明，砷的蒸发速率随温

度升高和系统压力降低而增加。在低压条件下(<100 Pa)蒸发过程主要受表面反应控制，而在高压条件下(>5000 Pa)

扩散控制占主导地位。蒸发行为可分别通过温度依赖性的 Arrhenius 模型与压力依赖性的 Logistic 模型精确描

述。获得了临界压力、最大蒸发速率与蒸发系数关键动力学参数。其中，蒸发系数在 0.010~0.223 之间，临界压力

随温度在 281~478 Pa 范围内变化。 
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