
Vacuum casting 

Vacuum casting is a casting process in which metals are melted, poured and crystallized in a 

vacuum chamber. Vacuum casting can minimize the gas content in metal and prevent metal 

oxidation. Special alloy steel castings with high requirements and titanium alloy castings with high 

oxidation resistance can be produced by this method. The cost of vacuum casting is high. It is usually 

used to smelt alloys and high-quality castings with high vapor pressure and easy volatilization loss. The 

mold should not contain volatiles. 

Classification of vacuum casting 

Vacuum casting is generally divided into vacuum suction casting and vacuum die casting[ 2] 

Vacuum suction casting 

Vacuum suction casting is a kind of casting method, in which the mold gate (or riser) is inserted into 

the liquid metal, and then the mold is vacuumized to make the negative pressure in the mold cavity. 

Under the negative pressure, the liquid metal rises along the gate (or riser) and fills the mold, solidifies 

and forms, so as to obtain the casting[ 3] 

Process principle 

 

Fig. 1 principle of vacuum suction casting process 

The process principle of vacuum suction casting is shown in Figure 1. The investment shell is placed 

in the sealing chamber, the sealing chamber is lowered, the sprue is immersed in liquid metal, and then 

the vacuum pump is started to pump the sealing chamber into vacuum, and the liquid is suction cast at 

the same time. After solidification of the casting in the shell, the vacuum state is released, and the 

residual metal liquid in the runner flows back to the furnace, and the vacuum suction casting casting is 

obtained by sand cleaning[ 4] 
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Process classification 

According to the different pressure difference of vacuum suction casting process, vacuum suction 

casting can be divided into direct suction casting method and special vacuum suction casting method. 

(1) Direct suction casting 

Taking CLA method as an example, firstly, the shell made by common investment casting process is 

placed in the seal chamber, the seal chamber is lowered, and the sprue is inserted with liquid 

metal. Start the vacuum pump to vacuum the sealing chamber and fill the mold with liquid metal at the 

same time. After the liquid metal in the mold is solidified, the sealing chamber is connected to the 

atmosphere to eliminate the vacuum, and the liquid metal that has not yet solidified in the runner flows 

back to the crucible. Finally, the mold shell is taken out for sand cleaning to obtain the casting. In addition 

to CLA method, there is also tilting inversion vacuum suction casting, that is, after the completion of 

vacuum suction casting, the mold is inverted, and the remaining liquid metal in the sprue provides 

feeding for the solidification of the casting. This method is easy to realize continuous production and has 

high production efficiency. 

(2) Special vacuum suction casting method 

 

Figure 2 

This kind of vacuum suction casting method mainly adds some special operations to the vacuum 

suction casting process according to the casting process requirements or alloy types. For example, in 

order to enhance the feeding capacity of vacuum suction casting. Vacuumize the upper seal chamber 

after completion (see Fig. 2a); After the molten metal fills the mold cavity, the lower seal chamber is filled 

with compressed gas to increase the pressure difference between the upper and lower seal chambers 

(see Fig. 2b), so as to enhance the feeding ability of molten metal during the solidification of casting. The 
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process diagram is shown in Figure 2. There is also vacuum suction casting with inert gas protection. 

This method is mainly used for vacuum melting and casting of superalloys and easily oxidized alloys 

(also known as CLV method). This method is to melt the metal in vacuum, inject inert gas into the 

vacuum melting chamber and suction casting chamber at the same time, and make them maintain the 

same pressure. The shell runner or riser is inserted into the liquid metal, and then the pressure of suction 

casting chamber is reduced to carry out suction casting. After holding for a certain time, the molten metal 

in the sprue flows back to the crucible after pressure relief[ 3] 

Process characteristics 

(1) The results show that the product rate is high, the casting quality is good, the filling of liquid 

metal is stable, the oxidation slag and spatter are less, the defects such as porosity and slag inclusion 

are reduced, and the product rate is improved. In addition, a lower pouring temperature can be used to 

refine the grain size and improve the mechanical properties. 

(2) Good filling performance. In suction casting, the back pressure in the cavity is small and the 

filling speed is adjustable, so the filling ability is strong. The thinnest part of the casting can reach 0.3mm. 

(3) The utilization rate and process yield of liquid metal are greatly improved. 

(4) Simplify the process and reduce the cost. 

(5) It is easy to realize mechanization and high labor productivity. Compared with the conventional 

investment casting process, each module can be assembled with more wax patterns, which can increase 

the production by 85% - 135%[ 3] 

Scope of application 

Vacuum suction casting is suitable for investment casting, ceramic mold casting, shell mold casting, 

gypsum mold casting, graphite mold casting and sand mold casting. It can be used to produce complex 

thin-walled castings with average wall thickness less than 5mm, such as aluminum alloy, magnesium 

alloy, titanium alloy, stainless steel and high temperature heat-resistant alloy, and castings with single 

casting weight less than 100kg[ 3] 

Vacuum die casting 

Vacuum die casting is a process of die casting after a certain vacuum degree is established in the 

die casting cavity. The vacuum degree is generally in the range of 50 ~ 80kPa[ 5] 

Process principle 

The vacuum die casting device is shown in Figure 3. There are two main methods of vacuum die 



casting. 

 

Figure 3 

(1) The whole die casting die is sealed by vacuum cover. As shown in Figure 4. When closing the 

die, the whole die-casting die is closed by the vacuum cover. After the liquid metal is poured into the 

pressure chamber, the pressure chamber is sealed by the injection punch, and then the vacuum valve is 

opened to extract the air from the vacuum cover. When the vacuum degree meets the requirements, the 

die-casting can be carried out. This method is not suitable for the mould with hydraulic core pulling 

mechanism[ 5] 

 

Figure 4 

(2) With the help of parting surface vacuum. In this method, the exhaust groove of die casting die is 

led into the total exhaust groove with larger cross-sectional area, and the total exhaust groove is 

connected with the vacuum system, as shown in Fig. 5. During die casting, when the injection punch 
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seals the gate, the travel switch 6 will automatically open the vacuum valve 5 for vacuum pumping, and 

the die casting will be carried out when the vacuum degree meets the requirements. The function of 

hydraulic cylinder 4 is to close the main exhaust slot and prevent the alloy liquid from entering the 

vacuum system. This method is simple and easy to operate, less air extraction, and easy to make and 

maintain the mold[ 5] 

 

Figure 5 

Process characteristics 

(1) The results show that the porosity defects are eliminated or significantly reduced, the density of 

microstructure is increased, the mechanical properties are enhanced and the surface quality is improved. 

(2) The casting can be heat treated to obtain better microstructure and mechanical properties. 

(3) The results show that the filling back pressure is significantly reduced, and the wall thickness of 

the die casting is smaller. For example, the average wall thickness is 1.5mm and the minimum wall 

thickness is 0.8mm for ordinary die casting zinc alloy, while the average wall thickness is 0.8mm and the 

minimum wall thickness is 0.5mm for vacuum die casting zinc alloy. 

(4) The gating system and overflow system can be reduced to save alloy materials. 

(5) The sealing structure is complex, the manufacturing and installation is difficult, and the cost is 

high[ 5] 
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microstructure is increased, the mechanical properties are enhanced and the surface quality is improved. 

(2) The casting can be heat treated to obtain better microstructure and mechanical properties. 

(3) The results show that the filling back pressure is significantly reduced, and the wall thickness of 

the die casting is smaller. For example, the average wall thickness is 1.5mm and the minimum wall 

thickness is 0.8mm for ordinary die casting zinc alloy, while the average wall thickness is 0.8mm and the 

minimum wall thickness is 0.5mm for vacuum die casting zinc alloy. 

(4) The gating system and overflow system can be reduced to save alloy materials. 

(5) The sealing structure is complex, the manufacturing and installation is difficult, and the cost is 

high[ 5] 

 


