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Abstract: High pure tellurium was prepared from raw tellurium containing copper and selenium by chemical method containing 
oxidation with concentrated nitric acid, leaching with hydrochloric acid, reducing with sulfur dioxide and treating in hydrogen 
atmosphere at high temperature. Removal ratio of Cu in raw tellurium reaches 99% after raw tellurium is oxidized and leached with 
HNO3(69%) under the following conditions: 0.96 times stoichiometric quantity of concentrated nitric acid, 4:1 of ratio of liquid to 
solid, 20 °C of reaction temperature and 30 min of reaction time. Leaching ratio of Te reaches 99% after Te is leached with 
hydrochloric acid under the following conditions: 1.67 times stoichiometric quantity of hydrochloric acid, 4:1 of ratio of liquid to 
solid, 20 °C of reaction temperature and 30 min of reaction time. Tellurium powder(99.95%) is obtained when Te(IV) in leachate is 
reduced with sulfur dioxide. The purity of tellurium increases from 99.954% to 99.999 6% after tellurium(99.95%) is treated in 
hydrogen atmosphere at 723.15 K for 30 min. 
Key words: tellurium hydrogen selenide; arsenic; oxidation with nitric acid; leaching with hydrochloric acid; hydrogen reduction 
                                                                                                             
 
 
1 Introduction 
 

High pure tellurium is widely used in the fields such 
as solar cells[1−2], infrared detectors, imaging, optical 
modulators[3], fluorescent, gas sensor[4] and 
thermoelectric cooler[5]. Trace impurities have 
significant effect on physical and chemical properties of 
composite, and even impurities, whose contents are less 
than several mg/kg, play an adverse influence on 
properties of the electronic material[6]. High pure and 
ultra pure tellurium is normally prepared from tellurium 
with purity of 99.99% by such methods as vacuum 
distillation[7−9] and zone melting[10−12]. Vacuum 
distillation is mainly based on different boiling points of 
substances under vacuum condition[13]. It has been 
reported that it is difficult to remove Se, As, Na, K, Mg 
and S and other impurities by vacuum distillation[14]. 
Zone melting is mainly on the basis of different 
distribution coefficients between melted phase and solid 
phase. There are two intrinsic limits for zone refining. 
Firstly, it is difficult to separate impurities from eutectic 
compositions. Secondly, the infinite separation cannot be 
achieved since there is always a certain degree of 
distribution ratio in the two phases. Melting parameters, 

such as melting temperature, melting speed, zone length 
and melting times have significant influence on zone 
refining[10−11]. Therefore, it is difficult to prepare high 
pure tellurium from materials containing many 
impurities by zone refining. Up to the present, there are 
few reports on preparation of high pure tellurium from 
raw tellurium containing many impurities. In this work, 
high pure tellurium was prepared from raw tellurium, in 
which contents of impurities are high, by removing Cu 
with nitric acid, leaching Te with hydrochloric acid, 
reducing Te(IV) in leaching solution with sulfur dioxide, 
treating with hydrogen under high temperature. The 
technology has such advantages as simple appliance, low 
cost and large yield. 
 
2 Experimental 
 
2.1 Source and contents of raw tellurium 

Raw tellurium was prepared using the procedures 
described by ZHENG et al[15]. In brief: copper anode 
slime was mixed with concentrated sulfur acid and 
roasted at high temperature, and Cu, Te, Se and As were 
leached from copper anode slime. Then copper was 
recovered from leachate by evaporation and cooling 
crystallization. The mass concentration ranges of H2SO4, 
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Cu and Te in mother solution are 880−950, 7−10 and 
3−7 g/L, respectively. Te(IV) in the mother solution was 
reduced by SO2 at 85 °C to yield raw tellurium when Cl− 
was used as catalyst. The contents, SEM image and XRD 
patterns of raw tellurium are shown in Table 1, Fig.1 and 
Fig.2, respectively. Table 1 shows that contents of Cu 
and Se in raw tellurium are 22.18% (mass fraction) and  
 
Table 1 Contents of dried raw tellurium analyzed by X-ray 
fluorescence spectrometer (mass fraction, %) 

Te Cu Cl O Se S Ca 
62.75 22.18 10.40 2.10 1.48 0.79 0.17

Si As Pb Ag Fe Al 
0.32 0.20 0.11 0.10 0.03 0.03 

 

 
Fig.1 SEM image of raw tellurium containing Cu and Se 
 

 
Fig.2 XRD patterns of raw tellurium: (a) Wet sample; (b) Dried 
sample 

1.48% (mass fraction), respectively. Fig.2 shows that Cu 
existed in forms of Cu2Cl2 and CuClTe2, and Te existed 
in forms of elemental tellurium and CuClTe2. Due to 
SO4

2− and Cl− existing in solution, Pb and Ag and Ca 
existed in forms of PbSO4 and AgCl and CaSO4 in raw 
tellurium. Si existed in form of SiO2 and CaSiO3. 
Impurities such as PbSO4, AgCl,CaSO4, SiO2 and 
CaSiO3 were very difficult to dissolve in H2SO4, HNO3 
and HCl. 
 
2.2 Experimental method 

Main process of preparation of high pure tellurium 
was as follows (Fig.3): Cu(I) and elemental Te in raw 
tellurium were oxidized with nitric acid(AR, 69%) to 
form Cu(II) and TeO2, respectively. Cu(II) was separated 
from tellurium by leaching with water, and TeO2 was 
kept in the residue. TeO2 was leached using hydrochloric 
acid(AR) as leaching reagent. Te(IV) in leaching solution 
was reduced with SO2(99.95%) to yield raw tellurium 
powder. Finally, raw tellurium powder was treated in 
hydrogen atmosphere to remove oxygen, selenium and 
arsenic after raw tellurium powder was oxidized, leached 
and reduced again. The detailed procedure of removing 
oxygen, selenium and arsenic was described as follows. 
A quart boat and a long quart tube were cleaned 
previously. 50 g tellurium powders were put in a quartz 
boat, the quartz boat was put into a long quartz tube, 
which was in a horizontal tube furnace; both ends of the 
quartz tube were sealed. The long quart tube was heated 
after nitrogen(99.9995%) flowed into it for 30 min. 
Hydrogen(99.9995%) was flowed into the long quart 
tube at the flow rate of 400 mL/min instead of nitrogen 
and reacted with part impurities while temperature in the 
quart tube reached a set temperature. After reaction had 
been processed for 30 min, heat was cut off and nitrogen 
was flowed again instead of H2 until temperature in the 
quart tube decreased to 20 °C. 
 

 
Fig.3 Main process of preparation of high pure tellurium 
 
2.3 Analysis and detection 

The contents of raw tellurium and intermediate 
products were determined by X-ray fluorescence 
spectrometer(XRF, S4 pioneer) and mass concentrations 
of Te(IV) and Cu(II) in leaching solution were 
determined by inductively coupled plasma optical 
emission spectrometer(ICP-OES, Intrepid II XSP). The 
phases of products were analyzed by X-ray 
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diffractometer (XRD, D/max-TTRIII ） and the 
morphologies of  products were observed by scanning 
electron microscope(SEM，JSM−6360LV). Contents of 
impurities in high pure tellurium were finally determined 
by ICP-OES after tellurium was treated with 
concentrated nitric acid. 
 
3 Results and discussion 
 
3.1 Removal of copper with concentrated nitric acid 

Table 1 shows that copper is main impurity, 
therefore, copper must be firstly removed from raw 
tellurium. Standard reduction potentials of TeO2/Te, 
Cu2+/Cu2Cl2 and H2SeO3/Se are 0.529, 0.538, and 0.740 
V[16], respectively. They are less than that of 
NO3

2−/N2O4, which is 0.803 V[16], therefore, nitric acid 
is used as oxidant. 

Cu2Cl2 reacts with nitric acid, and the chemical 
reaction is as follows: 
 
Cu2Cl2+4HNO3=CuCl2+2NO2↑+Cu(NO3)2+2H2O  (1) 
 

Cu2Cl2 forms CuCl2 and Cu(NO3)2 after it is 
oxidized by nitric acid. At the same time, elemental 
tellurium and selenium formed TeO2 and SeO2, 
respectively. The chemical reactions are as follows: 
 
Te+4HNO3=TeO2+4NO2↑+2H2O               (2) 
 
Se+4HNO3=SeO2+2H2O+4NO2↑               (3) 
 

100 g raw tellurium is put into a 2 L-beaker in each 
experiment, and concentrated nitric acid is slowly 
dropped into the beaker. Then, Cu(II) is dissolved into 
aqueous solution and Te is kept in the residue. 
3.1.1 Effects of dosage of nitric acid on leaching rates of 

Cu and Te 
Concentrated nitric acid is slowly dropped into the 

beaker at 20 °C. After reacting with Cu(I) and Te, a part 
of nitric acid forms NO2, and surplus nitric acid 
combines with Cu(II) to form Cu(NO3)2.Then leaching 
process has been proceed for 30 min under 6:1 of ratio of 
liquid to solid. The stoichiometric quantity of nitric acid 
was calculated according to chemical reaction (1) and 
reaction (2). Effects of dosage of nitric acid on leaching 
rates of Cu and Te are shown in Fig.4. 

As shown in Fig.4, leaching rate of Cu increases 
with the increase of dosage of nitric acid. When the 
dosage of nitrate acid is 0.96 times the stoichiometric 
quantity, leaching rate of Cu is 98.50% and leaching rate 
of Te is approximately 3%. When the dosage of nitric 
acid increases from 0.96 times to 1.2 times, leaching rate 
of Te(IV) increases from 3% to 36%. 

Elemental tellurium forms TeO2 while Cu2Cl2 forms 
CuCl2 and Cu(NO3)2 in the process of oxidation. 

When the dosage of nitric acid excesses 0.96 times 
stoichiometric quantity, chemical reactions occur: 

 

 
Fig.4 Effects of dosage of nitric acid on leaching rates of Cu 
and Te 
 
CuCl2 +2HNO3=Cu(NO3)2 +2HCl               (4) 
 
TeO2 +4HCl=TeCl4 +2H2O                    (5) 
 
TeO2+2HNO3=TeO(NO3)2+H2O                (6) 
 

The more the surplus dosage of nitric acid is, the 
higher the leaching rate of Te is. In order to remove Cu 
to the utmost with the minimum leaching rate of Te, an 
appropriate dosage of nitric acid is determined as 0.96 
times stoichiometric quantity. 
3.1.2 Effects of leaching temperature on leaching rates of 

Cu and Te 
After raw tellurium has been oxidized with 0.96 

times stoichiometric quantity of nitric acid, 600 mL 
water was used to dissolve Cu. Effects of leaching 
temperature on leaching rates of Cu and Te were 
investigated, the results are shown in Fig.5. 
 

 
Fig.5 Effects of leaching temperature on leaching rates of Cu 
and Te 
 

As shown in Fig.5, leaching temperature has no 
obvious effect on leaching rate of Cu. When Cu2Cl2 in 
raw tellurium forms completely CuCl2 and Cu(NO3)2, 
temperature has no obvious effect on solubilities of 
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CuCl2 and Cu(NO3)2. However, leaching rate of Te 
increases from 2.5% to 4% when reaction temperature 
increases from 20 °C to 40 °C. The solubility of TeO2 
increases with the increase of leaching temperature when 
the acidity is constant. When leaching temperature 
increases from 40 °C to 100 °C, leaching rate of Te 
decreases gradually with the increase of leaching 
temperature. Evaporation of nitric acid was stimulated 
and the concentration of nitric acid in solution decreases 
with the increase of leaching temperature. Therefore 
leaching rate of Te at higher temperature is less than that 
at lower temperature. The appropriate reaction 
temperature for leaching of Cu is 20 °C. 
3.1.3 Effects of ratio of liquid to solid on leaching rates 

of Cu and Te 
Cu is separated from tellurium at 20 °C after 

oxidation. Effects of ratio of liquid to solid on leaching 
rates of Cu and Te are shown in Fig.6. 
 

 
Fig.6 Effects of ratio of liquid to solid on leaching rates of Cu 
and Te 
 

As shown in Fig.6, leaching rates of Cu and Te 
increase with the increase of ratio of liquid to solid. For 
instances, the leaching rate of Cu increases from 77.90% 
to 98.10% and the leaching rate of Te increases from 
0.51% to 3.02% when the ratio of liquid to solid 
increases from 1:1 to 8:1, which favors the dissolution of 
both of CuCl2 and Cu(NO3)2 to increase the ratio of 
liquid to solid. Thereby, the leaching rate of Cu increases. 
TeO2 is slightly soluble in water, loss of tellurium 
increases with the increase of the ratio of liquid to solid. 

Therefore, the appropriate ratio of liquid to solid is 
4:1 when Cu is removed from raw tellurium. 
3.1.4 Effects of leaching time on leaching rates of Cu and 

Te 
Effects of leaching time on leaching rates of Cu and 

Te were investigated under the conditions of 0.96 times 
the stoichiometric quantity of nitric acid, 4:1 of ratio of  
liquid to solid and 20 °C of leaching temperature, and 
results are shown in Fig.7. 

 

 
Fig.7 Effects of leaching time on leaching rates of Cu and Te 
 

As shown in Fig.7, the leaching rate of Cu is 
98.50% and that of Te is 2.01% when leaching has been
proceed for 30 min. It does not significantly affect their 
leaching rates to prolong leaching time. Therefore, the 
appropriate leaching time is 30 min. 

From the above results, appropriate conditions of 
removing Cu from raw tellurium are as follows: 0.96 
times stoichiometric quantity of nitric acid, 20 °C of 
leaching temperature, 30 min of leaching time and 4:1 of 
ratio of liquid to solid. 

1 000 g raw tellurium powders containing copper 
are oxidized and leached by concentrated nitric acid 
under the above appropriate conditions. The volume of 
leachate obtained is 4.2 L, the mass concentrations of Cu 
and Te in the leachate are 52.3 g/L and 0.75 g/L, 
respectively. It can be calculated that the leaching rate of 
Cu is up to 99.00% and the leaching rate of Te is only 
0.5% in the scale experiment in laboratory. After 
removing copper and drying the contents of product are 
listed in Table 2. The SEM image and XRD patterns of 
the product after removing copper with nitric acid are 
shown in Fig.8 and Fig.9, respectively. 

As listed in Table 2, the contents of Te and Cu in the 
intermediate product are 77% (mass fraction) and 0.52% 
(mass fraction). Copper can be effectively separated from 
tellurium by oxidizing with concentration nitric acid. It 
can be known from Fig.8 and Fig.9 that the morphology
 of the product has an obvious change and tellurium 
formed TeO2 after copper has been removed. 

 
Table 2 Contents of dried materials analyzed by XRF after 
removing copper with nitric acid (mass fraction, %) 

Te Cu Cl O Se S Ca 

77.0 0.52 0.49 19.30 1.93 0.28 0.13

Si As Pb Ag Fe Al 

0.42 0.311 0.12 0.11 0.04 0.09 
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Fig.8 SEM image of product after removing copper with HNO3 
 

 
Fig.9 XRD pattern of raw tellurium after removing copper with 
HNO3 
 

3.2 Leaching of Te with hydrochloric acid 
Since TeO2 is susceptible to dissolve in hydrochloric 

solution, hydrochloric acid is used as leaching reagent, 
following reaction (5). 

50 g raw tellurium, whose contents are listed in 
Table 2, reacts with hydrochloric acid at 20 °C for 30 
min under conditions of 4:1 of rate of liquid to solid in 
each experiment. Effect of concentration of hydrochloric 
on leaching rate of Te(IV) was investigated, and the 
result is shown in Fig.10. 

 

 
Fig.10 Effects of HCl concentration on leaching rate of Te 

As shown in Fig.10, the leaching rate of Te(IV) 
increases significantly with the increase of the 
concentration of hydrochloric. When hydrochloric 
concentration is 10 mol/L, the leaching rate of Te(IV) 
reaches 99.50%. At this point, the dosage of hydrochloric 
acid is 1.67 times stoichiometric quantity. According to 
the formula c=m×w(Te)/V, it can be calculated that the 
concentration of Te is approximately 190 g/L. However, 
higher concentration of Te(IV) can result in the 
hydrolysis  of  TeCl4  and the hydrolytic reaction of 
TeCl4 is as follows: 
 
TeCl4+2H2O=TeO2+4HCl                     (7) 
 

In order to avoid the hydrolysis of TeCl4, 
concentration of hydrochloric in a solution must be kept 
at a certain level. Therefore, appropriate hydrochloric 
dosage is 1.67 times stioichiometric quantity when 
hydrochloric acid is used as leaching reagent. 

Temperature has a significant effect on the volatility 
of hydrochloric. The higher the leaching temperature is, 
the faster the volatility rate of hydrochloric is, which will 
cause serious pollution of environment, corrosion of 
equipment, and lower utilization efficiency of 
hydrochloric. When the quantity of hydrochloric acid is 
enough, TeO2 can be completely leached at 20 °C in   
30 min. 
 
3.3 Preparation of Te powder by reducing with SO2 

TeCl4 solution is obtained after tellurium has been 
leached by hydrochloric acid. Concentrations of Te, Cu 
and Se in leaching solution are 67 g/L, 0.4 g/L and 48 
mg/L, respectively, after dilution. 

Elemental tellurium is prepared from 10 L solution 
containing tellurium mentioned above after Te(IV) has 
been reduced at 85 °C for 8 h by SO2 whose flow rate is 
60 L/h. The reduction rate of Te(IV) is 99%. The 
contents, SEM image and phase composition of the 
product after being washed and dried are shown in Table 
3, Fig.11 and Fig.12, respectively. 

From Table 3, it can be calculated that the purity of 
tellurium reaches 99.954%, and many impurities have 
been removed after leaching with nitric acid, dissolving 
with hydrochloric acid and reducing with SO2. But 
residual Se and As are up to 400 mg/kg and 30 mg/kg, 
respectively. As shown in Fig.11, the shape of product 
reduced is hexagonal prism. It can be known from Fig.12 
 
Table 3 Contents of impurities in tellurium powder (mg·kg−1) 

Sample Cu Pb Al Ag Fe As
Te powder 0.8 2 2 2 10 30 

Q/HX03−2000 ≤0.1 ≤0.5 ≤0.2 ≤0.2 ≤0.2 / 
Sample Cd Si Ni Se Sn Mg

Te powder 2 0.4 2 400 2 0.9
Q/HX03−2000 ≤0.2 ≤1 ≤0.5 ≤1 ≤0.2 ≤0.5
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Fig.11 SEM image of Te powder after first reduction by SO2 
 

 
Fig.12 XRD pattern of Te powder after first reduction by SO2 
 
that the product is elemental tellurium. 

An excess of impurities is related to residual 
leachate in the product after removing copper. These 
impurities such as Cu and As are dissolved into solution 
again when Te  is leached. The forms of Cu and As 
existing in the TeCl4 solution are CuCl2, SeCl4 and 
H2AsO4 in the solution, respectively. Although 
concentration of Se(IV) in leaching solution is very 
lower, due to the fact that the standard reduction 
potential Θ

+/SeSe4ϕ  (0.74 V)[16], is more than Θ
+/TeTe4ϕ , 

it is more easy for Se4+ to form elemental Se than Te4+ to 
form elemental tellurium. However, the concentration of 
Cu(II) is more than that of Se(IV), standard reduction 
potential of Cu2+/CuCl  is less than that of Te4+/Te. It is 
difficult for Cu(II) to form Cu2Cl2. Moreover, once 
Cu2Cl2 is formed, it can further combine quickly with Cl− 
to form [CuCl2]− [16] when concentration of Cl− is very 
higher. This is the reason that the content of Cu in the 
product is less than that of Se in the intermediate 
product. 

In order to remove impurities, the first tellurium 
powder is treated again under appropriate reaction 
conditions mentioned above. 

Contents, SEM image and XRD pattern of the 
second tellurium powder are shown in Table 4, Fig.13 
and Fig.14. 

As shown in Table 4, the purity of tellurium powder 

Table 4 Results by ICP−OES of tellurium powder after 
secondary treatment 

Content of impurity/(mg·kg−1) 
w(Te)/%

Cu Pb Al Ag Fe As Cd Si Ni Se Sn Mg
99.988 0.1 0.4 0.6 0.2 4 10 0.2 0.4 0.4 100 0 0.4

 
is 99.988% the contents of impurities including Cu, Pb, 
Ag, Cd, Ni, Sn and Mg are less than limited value 
required in Q/HX03—2000, but content of selenium is 
100 times limited value of  Se in Q/HX03—2000. It is 
necessary to seek for an effective way to remove 
selenium. 

As shown in Fig.13, the shape of tellurium powder 
does not change, but the size of tellurium power becomes 
bigger than that of tellurium prepared firstly. The XRD 
pattern shows that crystal form has no difference from 
that of tellurium powder prepared firstly. 
 

 
Fig.13 SEM image of Te powder after second reduction by SO2 
 

 
Fig.14 XRD pattern of Te powder after second reduction by 
SO2 
 
3.4 Treatment of tellurium powder with secondly 

reduced hydrogen 
In order to further decrease contents of impurities 

such as selenium and arsenic, tellurium powder had been 
treated in hydrogen for 30 min. Effects of reaction 
temperature on content of tellurium are considered in the 
present study, and the results are listed in Table 5. 
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Table 5 Effects of reaction temperature on content of tellurium 
Content of impurity/(mg·kg−1) Reaction 

temperature/K 
w(Te)/% 

Cu Pb Al Ag Fe As Cd Si Ni Se Sn Mg 
523.15 99.988 7 0.1 0.4 0.6 0.2 4 6 0.2 0.4 0.4 100 0 0.4 
573.15 99.990 7 0.1 0.4 0.4 0.2 0.4 2 0.2 0.4 0.4 88 0 0.4 
593.15 99.991 8 0.1 0.4 0.3 0.2 0.2 2 0.2 0.4 0.4 77 0 0.4 
623.15 99.995 4 0.1 0.4 0.3 0.2 0.1 1 0.2 0.4 0.4 43 0 0.4 
643.15 99.996 2 0.1 0.4 0.2 0.2 0.1 0.7 0.2 0.4 0.4 35 0 0.4 
723.15 99.999 6 0.1 0.3 0.2 0.2 0.1 0.7 0.2 0.4 0.4 0.5 0 0.4 

 
As listed in Table 5, contents of Se, As, Fe and Al in 

the tellurium gradually decrease with the increase of 
reaction temperature. The contents of selenium and 
arsenic decrease from 100 mg/kg to 0.5 mg/kg and from 
10 mg/kg to 0.7 mg/kg, respectively, when the reaction
temperature increases from 523.15 K to 723.15 K. 

Se exists in the forms of elemental Se in tellurium 
powder reduced. When reaction temperature is up to 
melting point of Se(490.15 K), elemental selenium is 
melted. The higher the reaction temperature is, the more 
the selenium becomes gas. When gaseous selenium 
meets H2, they react to product H2Se. The chemical 
reaction is as follows: 
 
Se+H2=H2Se                               (8) 
 

Tellurium is also possible to react with H2, chemical 
reaction is as follows: 
 
Te+H2=H2Te                                                (9) 
 

ΔGf values of substances under different reaction 
temperatures are listed in Table 6 and different Gibbs 
free energies of chemical reactions at different 
temperatures are listed in Table 7. 

 
Table 6 ΔGf values of materials at different reaction 
temperatures[17] 

ΔGf/(kJ·mol−1) 
T/K 

Se(l) Te(l) H2（g） SeH2(g) TeH2(g)
500 0 0 0 7.508 76.247
600 0 0 0 5.389 72.524
700 0 0 0 3.677 69.133
800 0 0 0 2.293 67.919

 
Table 7  ΔG of chemical reactions at different reaction 
temperatures 

ΔG/(kJ·mol−1) 
T/K 

Se(l)+H2＝H2Se Te(l)+H2＝H2Te 
500 7.508 76.247 
600 5.389 72.524 
700 3.677 69.133 
800 2.293 67.919 

 
When reaction (8) and reaction (9) reach chemical 

equilibrium state, there are the following formulas: 

))/(Δexp( Θ
SeH

total

SeH
2

2 RTG
p
p

−=                   (10) 

))/(Δexp( Θ
TeH

total

TeH
2

2 RTG
p
p

−=                   (11) 

According to data in Table 7 and Eqs.(10) and  (11) 
mentioned above, the equilibrium partial pressures of 
both H2Se and H2Te can be calculated. Their equilibrium 
partial pressures at different temperatures are listed in 
Table 8. 
 
Table 8 Equilibrium partial pressures of H2Se and H2Te in 
temperature range of 500−800 K 

Equilibrium partial pressure/Pa 
Sample

500 K 600 K 700 K 800 K 
H2Se 1.664 7×104 3.439 9×104 5.386 7×104 7.177 9×104

H2Te 1.094 3×10−3 4.914 3×10−2 0.702 2 3.718 6 
 

As shown in Table 8, equilibrium partial pressure of 
H2Se is very high and increases with the increase of 
reaction temperature. Because of the flow of hydrogen, 
partial pressure of H2Se in fact is far less than its 
equilibrium partial pressure, therefore Se can combine 
with H2 to form H2Se. Because the equilibrium partial 
pressure of H2Te in the range of 500−800 K is rather 
lower, elemental tellurium cannot combine with H2. 

The sublimation temperature of As2O3 is 466.15 K. 
As2O3 firstly sublimates because of its low sublimation 
temperature when tellurium powder is heated. The 
relationship between vapor pressure of arsenic trioxide 
and temperature is listed in Table 9. 
 
Table 9 Relationship between vapor pressure of arsenic 
trioxide and temperature[18] 

T/K 485.15 516.15 533.15 552.15 572.15
Vapor 

pressure/Pa
133.322 666.61 1333.22 2666.44 5332.88

T/K 583.15 606.15 643.15 685.15 730.15
Vapor 

pressure/Pa
7999.32 13332.2 26664.4 53328.8 101324.72

 
As listed in Table 9, arsenic troxide can be removed. 

According to Table 5, the appropriate temperature for 
removing As and Se is 723.15K. 
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4 Conclusions 
 

1) Cu is effectively separated from raw Te materials. 
Leaching rate of Cu reaches 99% and leaching rate of Te 
is less than 3% under the following conditions of 0.96 
times stoichiometric quantity of nitric acid, 4:1 of ratio 
of liquid to solid, 20 °C and 30 min. 

2) Cu2Cl2 forms CuCl2 and Cu(NO3)2 and elemental 
tellurium forms TeO2 after oxidation with nitric acid. 

3) TeO2 can be completely dissolved in hydrochloric 
acid. Leaching rate of Te reaches 99.50%  under the 
conditions of 10 mol/L HCl, 4:1 of ratio of liquid to solid, 
20 °C and 30 min. 

4) The purity of tellurium power prepared from 
TeCl4 solution is 99.954%. After oxidation, leaching and 
reduction again, the purity of tellurium reaches 99.988%. 

5) The purity of tellurium is 99.9996% after 
treatment with hydrogen at high temperature. Contents of 
Se and As in the tellurium are 0.5 mg/kg and 0.7 mg/kg 
when reaction temperature is 723.15K. 
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以含铜硒的粗碲为原料采用化学法制备高纯碲 
 

孙召明，郑雅杰 
 

中南大学 冶金科学与工程学院，长沙 410083 
 

摘  要：以含铜、硒的粗碲为原料，采用硝酸氧化、盐酸浸出、二氧化硫还原、氢气气氛高温处理的化学方法制

备高纯碲。在浓硝酸（69%）用量为化学计量的 0.96 倍、液固比为 4:1、反应温度为 20 °C、反应时间为 30 min

的条件下，用硝酸氧化粗碲，粗碲中铜的去除率达到 99%。粗碲氧化后用盐酸浸出，在浓盐酸用量为化学计量的

1.67 倍、液固比为 4:1、反应温度为 20 °C、反应时间为 30 min 的条件下，碲的浸出率为 99%。浸出液中 Te(IV)

经二氧化硫还原，碲粉纯度达到 99.95%。碲粉在反应温度为 730 K 的氢气中处理 30 min，其纯度由 99.95%上升

到 99.9995%。 

关键词：碲硒化氢；砷；硝酸氧化；盐酸浸出；氢气还原 
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