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Abstract: The theoretical calculation of energy band structure, density of states, Mulliken overlap population and 

electron density difference of GaAs was carried out by density functional theory (DFT). The dynamics simulations of 

GaAs about the process of thermal decomposition were performed. The calculated results show that a part of Ga As 

bonds are broken, and Ga and As2 are produced. Ga As bonds are broken step by step with prolonging time. Meanwhile, 

the thermal decomposition experiment was carried out by using GaAs scraps as raw material. The effects of distillation 

temperature and distillation time on the separation of Ga and As were investigated. The experiment results show that the 

metallic gallium obtained is good and the content of which is larger than 99.99% at 1273 K for 3 h when the system 

pressure is 3�8 Pa. And arsenic obtained exists in the form of simple substance which has little damage. The calculated 

results are in good agreement with the theoretical analysis and experiment results. 
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Fig. 1  Relationship between Gibbs free energy and 

temperature for reactions (1)�(4) at normal pressure 
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Fig. 2  Relationship between Gibbs free energy and 

temperature for reactions (1)�(4) at 10 Pa 
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Fig. 3  Ga-As binary phase diagram[19] 

 

 
4  Ga-As [20] 

Fig. 4  Pressure�temperature relationship for Ga-As system[20] 
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1  Ga—As  

Table 1  Bond length and bond population of optimized structure and dynamics simulation structure of Ga As 

Optimized structure Dynamic simulation structure 
Bond 

Bond length/Å Bond population Bond length/Å Bond population 

Ga(27) As(29) 2.39 0.54 2.71 0.17 

Ga(19) As(29)   2.68 0.08 

Ga(4) As(24)   2.64 0.08 

Ga(18) As(8)   2.54 0.11 

 

2  Ga As  

Table 2  Bond length and bond population of optimized structure and dynamics simulation structure of Ga As 

Optimized structure Dynamic simulation structure 
Bond 

Bond length/Å Bond population Bond length/Å Bond population 

Ga(20) As(14) 2.39 0.54 2.37 0.60 

Ga(18) As(24)   2.32 0.54 

Ga(11) As(13)   2.32 0.48 

Ga(26) As(32)   2.43 0.47 

 

3  As2  

Table 3  Bond length and bond population of dynamics simulation structure of As2 produced 

Optimized structure Dynamic simulation structure 
Bond 

Bond length/Å Bond population Bond length/Å Bond population 

As(21) As(31) Null Null 2.08 1.12 

As(13) As(29)   2.31 0.56 

As(5) As(15)   2.50 0.12 

As(8) As(30)   2.33 �0.50 

 

 
5  GaAs  

Fig. 5  Supercell of GaAs after structure optimization 
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Fig. 6  Final configuration of GaAs after dynamic simulation 
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7  As2  

Fig. 7  Difference electron density of As2 in final structure 
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8  GaAs PDOS  

Fig. 8  PDOS of optimized structure of GaAs 

 

 

9  GaAs PDOS  

Fig. 9  PDOS of GaAs structure after dynamics simulation 
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3.2  GaAs  
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4   

Table 4  Chemical composition of semiconductor scraps 

(mass fraction, %) 

Ga As Zn Cu Fe Si Others

48.20 49.82 1.0 0.3 0.03 0.1 Bal. 
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Fig. 10  Schematic diagram of vacuum furnace: 1

Adjustment knob; 2 Cooling water outlet; 3 Water cooled 

walls; 4 Graphite condensing system; 5 Thermal insulating 

layer; 6 Graphite heater; 7 Vacuum pump; 8 Steel 

condensing system; 9 Reaction crucible; 10 Cooling water 

inlet; 11 Thermocouple 
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3.3  GaAs  

GaAs  

5  Ga GDMS  

Table 5  GDMS test results of Ga in residues (mass fraction, 

10�6) 

Na Mg Al Si Ca Ti V 

0.07 0.002 0.22 3.6 0.62 0.49 0.3

Cr Mn Fe1) Ni Cu Zn Ge 

0.03 0.8 70 0.007 0.009 0.02 0.03

In Cd Sn Hg Pb Bi  

0.003 1 0.01 0.04 0.006 0.003  

1) Disturbance may be present. 
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11  GaAs TG�DTG  

Fig. 11  TG�DTG curves of GaAs scraps 
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