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Abstract: This study reviews the research progress of the separation technology of 

aluminum-plastic composite materials at home and abroad, analyzes and compares 

the technological processes and basic principles of the solvent method, high-voltage 

electrostatic separation, argon electrolysis and other technologies, and points out the 

existing high-efficiency separation and reuse of aluminum-plastic composite materials 

issues and future research directions. 
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1. Introduction 

Paper-aluminum-plastic composite packaging materials have been widely used in food, 

medicine, daily necessities and other fields, and the amount of waste paper-aluminum-

plastic composite packaging materials has been increasing year by year. Take Tetra 

Pak (accounting for 87% of China's paper-aluminum-plastic packaging market) as an 

example. The remaining aluminum-plastic composite material after hydraulic pulping 

of waste Tetra Pak packages is as follows: polyethylene layer (PE), LDPE (adhesive 

layer), aluminum foil, EMAA (adhesive layer), polyethylene layer. Among them, 

polyethylene is selected from low-density polyethylene (LDPE) with no additives, 

excellent adhesion and sealing properties, and a relative density of 0.917 to 0.925. In 
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the production process of Tetra Pak, the polyethylene plastic layer is melted by the 

hot-pressing method, and then it is bonded with the aluminum oxide formed on the 

surface of the aluminum foil[1]. The resulting composite material has high bonding 

strength, stable physical properties, and separation More difficult. At present, due to 

the lack of scientific and effective recycling and separation technology and equipment, 

a large number of waste composite packaging materials are still burned or landfilled, 

and wood pulp fibers, high-quality plastics and industrial aluminum foils are not 

effectively recycled and are wasted. In recent years, environmental protection and 

resource recycling have been advocated, and the recycling technology of waste 

aluminum-plastic composite packaging materials has attracted widespread attention. 

 

2. Current Status of Solvent Aluminum-Plastic Separation in China 

In China, the separation of waste aluminum-plastic materials started late, but the 

development speed is fast, and some achievements have been made in some aspects. 

At present, there are dozens of reported waste aluminum-plastic separation 

technologies [2-6], but there are few large-scale production technologies. The process 

flow of typical semi-chemical and semi-mechanical waste aluminum-plastic separation 

technology is shown in Figure 1. The waste aluminum-plastic composite materials are 

transported by the wind power and enters the reaction tank with separating agent. 

After a certain reaction time, the aluminum and plastic are separated by two-stage 

separation screen and recycled respectively. 

In the solvent separation process, according to the selected separating agent, it can 

be divided into acid liquid soaking wet aluminum-plastic separation, alkali soaking wet 

aluminum-plastic separation and organic solvent soaking wet aluminum-plastic 

separation. 

 

Fig. 1 Typical domestic separation flow chart of aluminum-plastic composite 

materials 

2.1 Wet separation of aluminum-plastic by acid soaking 

Acid soaking and wet separation is to dissolve the aluminum oxide in the aluminum-

plastic film bonding layer through acid soaking to achieve the purpose of separating 

aluminum and plastic. 

After comparing the separation effects of various aluminum-plastic separators, Zhang 
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Jifei and others from the Chinese Academy of Environmental Sciences found that the 

separation rate of aluminum plastic can reach 100% when the separator is soaked in 

a weak acid configuration. This method usually uses weak acids such as formic acid 

or acetic acid [7]. It is believed that the weak acid is first ionized, as shown in formula 

(1) and formula (2), and then dissolves the aluminum oxide layer of the aluminum-

plastic film bonding layer, thereby making aluminum and plastic dissociation [8]: 

 

                              HCOOH→H+ + COOH-                                       (1) 
 

                          CH3COOH→H+ + CH3COO-                                        (2) 
The oxide Al2O3 between the aluminum foil and the plastic layer is an amphoteric oxide, 

which can accept the protons generated by acid ionization to generate water-soluble 

[A1(OH2)6]3+ (aq). The reaction process is as shown in formula (3). 

Weak acid solution+ Al2O3→[A1(OH2)6]3+ (aq) + Weak acid ion               (3) 
 

2.2 Wet separation of aluminum-plastic by alkali soaking  

The wet separation by alkali leaching is similar to acid separation. Because Al2O3 is an 

amphoteric oxide, it will also react with alkali [7], and the reaction is as follows: 

  

HCOOH→H+ + COOH-                                            (4) 
 

Al2O3+2NaOH+3H2O=2Na[Al(OH)4]                        (5) 
 

Guangdong Provincial Environmental Monitoring Center He Qunhua [9] used an alkali 

alcohol system to study the separation of aluminum and plastic in aluminum-plastic 

composite film. The influence of the concentration of NaOH and the ratio of industrial 

alcohol to water on the leaching rate of aluminum was investigated. The results show 

that under the condition of no stirring and leaching temperature of about 30°C, the 

concentration of NaOH is 70 g/L and the ratio of industrial alcohol to water is 1:2, the 

aluminum and plastic in the aluminum-plastic composite film Within 1.5 h, a good 

separation effect can be achieved. 

2.3 Wet separation of aluminum-plastic by organic solvent immersion  

The adhesive layer in the aluminum-plastic composite material uses high molecular 

polymers. According to the principle of similar compatibility, a certain solvent can 

dissolve high molecular substances, and the solubility parameters of the solvent and 

the dissolved high molecular materials should be similar to each other[10]. When the 

solubility parameter of the organic solvent is similar to the viscosity parameter of the 

adhesive used between the plastic and the aluminum sheet in the aluminum-plastic 

sheet, the organic solvent can be used to separate the aluminum-plastic composite 

material. Therefore, appropriate organic solvents can be used as aluminum-plastic 
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separating agents. Such separating agents include chloroform, propyl ether, ethyl 

ether and aromatic hydrocarbons such as benzene and toluene. They can effectively 

separate aluminum-plastics under certain reaction conditions. There are few reports 

on the separation of aluminum and plastics using organic solvents, and the relevant 

information about the specific ratio of the reagents used is not complete, so there is 

no systematic theory. During the experiment, the choice of separating agent is very 

important, and various factors should be considered comprehensively, such as 

aluminum-plastic separation effect, aluminum loss rate, required reaction time and 

temperature, etc. In addition, the price and chemical properties of the separating 

agent, such as thermal stability, recycling and reuse of separation waste liquid, are 

also within the scope of consideration. Based on these factors, the author’s research 

group conducted in-depth research on the separation of organic solvents. Using a 

mixture of benzene, ethanol, and water as a separating agent, the reaction effect is 

better. The solution after the reaction is statically separated and recovered separately, 

which greatly reduces the difficulty of recycling. 

 

3. Separation means and methods of aluminum-plastic in foreign countries 

Foreign countries pay more attention to the separation of waste aluminum-plastic 

composite materials, forming a series of scientific theories, some of which are similar 

to domestic research, and some of the research methods are more advanced, which 

are worth learning from. 

3.1 Foreign solvent separation technology  

As early as the late 1980s, the Riverside Paper Company of the United States and the 

Tagoura Sanyo Company of Japan had successfully used solvent extraction to process 

composite paper, milk cartons, etc. The wax and polyethylene resin were extracted 

while the fiber was recovered. The solvent used by Riverside Paper Company in the 

United States is trichloroethylene, and the solvent used by Tagonoura Sanyo in Japan 

is hexane. The extraction conditions are 900 kPa, 105°C, and 10 min[11]. This type of 

method uses organic solvents to dissolve and extract materials such as plastic films in 

the composite package to obtain recycled fibers. Although the fiber can be recycled, 

the plastic is dissolved and resources are wasted, and the lack of corresponding 

solvent recovery technology brings a greater burden to the environment. 

3.2 Technologies such as argon electrolysis or high temperature gasification 

separation 

Brazilian scientist Cristina MA Lopes discovered[12] that the aluminum-plastic interface 

is bonded by polyethylene and methacrylic acid copolymers, which makes the 

aluminum-plastic composite material more compatible than plastic alone and has good 

compatibility with other thermoplastic products. Mixed. This conclusion can well 
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explain that the physical properties of aluminum-plastic materials are stable and 

difficult to separate. In Brazil and Spain[13], PLASMA plasma technology is used to 

generate high temperature through the electrolysis of inert gas argon to vaporize 

aluminum and plastics, thereby obtaining high-purity aluminum ingots and paraffin 

wax. The process is as follows: the aluminum-plastic composite material is 

hydraulically disintegrated to form aluminum-plastic slag, and then electrolyzed with 

argon to generate a high temperature of 15000°C, so that the aluminum-plastic slag 

is gasified to obtain liquid aluminum and gas paraffin. Finally, it is condensed to form 

aluminum ingots and high-purity paraffin wax. 

3.3 High-voltage electrostatic separation technology 

In Italy, researcher Vincenzo Gente [13] used a separation technology called “high 

voltage static electricity” when separating medical “blister packs”. The main 

components of blister packaging are plastic film and aluminum foil composite. The 

separation process is shown in Figure 3. Use physical and mechanical methods to 

crush waste blister packages into granules. According to the electrical conductivity of 

aluminum and plastics, use electric fields to separate them. The separation process is: 

First, use a mill to crush the waste materials into particles of a certain size. (In order 

to prevent the high temperature from affecting the efficiency of plastics and aluminum, 

CO2 should be continuously filled during the grinding process or the material should 

be immersed in liquid nitrogen before the reaction). At this time, the shearing force 

provided by the mill separates the aluminum and plastic particles. Since aluminum is 

a good conductor, and plastic is not a conductor, when the mixed particles of 

aluminum and plastic fall into a rotating grounded roller, and a high-voltage electrode 

is fixed above the roller to provide a stable electric field for the crushed particles, 

aluminum It is polarized at the same time as the plastic particles. When they leave 

the electric field area, the aluminum particles lose their charge quickly, while the 

plastic particles still carry the charge. Under the action of centrifugal force and gravity, 

the aluminum particles are thrown out of the roller, and the plastic particles fall along 

the roller. 

 

4. Summary 

From the analysis of the research status at home and abroad, the above-mentioned 

research examples basically represent the current research level of aluminum-plastic 

separation technology, but due to the limitations of research methods, as well as 

insufficient understanding of the basic theories of aluminum-plastic separation and the 

lack of separation agents selection issues, these studies all have problems such as 

incomplete separation, large loss of aluminum-plastic materials, and high energy 

consumption to varying degrees. Regarding the research on the separation of 
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aluminum-plastic waste aseptic composite packaging materials, it is recommended to 

proceed from the following three aspects: 1 When using weak acids or weak bases as 

separating agents and organic solvents as separating agents, due to the different 

separation mechanism, the separation time of the former is longer. Longer, poorer 

separation efficiency, the latter has shorter separation time and better effect. 

Therefore, in the choice of aluminum-plastic separating agent, the use of organic 

solvents should be given priority. At the same time, attention should be paid to 

selecting solvents with low pollution and low cost, and the emphasis should be placed 

on the effective recovery and recycling of the remaining solvents after separation. 2 

On the basis of aluminum-plastic separation technology, the chemical reaction and 

dissociation behavior in the separation process are studied to achieve the purpose of 

controlling the reaction process. 3 Develop other new aluminum-plastic separation 

technologies to achieve high-efficiency separation of aluminum-plastics. The author 

believes that after comparing the separation effects of different organic solvents, 

selecting high-efficiency organic solvents as separation agents and optimizing the 

separation process on this basis will be the focus of research.  
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