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Abstract: As one of the important wastes, waste PET pollutes human living and natural 
environment seriously. PET is an important solid waste that needs to be recycled at present. The 
complete degradation of PET was realized at low temperature. The lipophilic hydrophobic 
membrane was formed on the surface of stainless steel mesh (SSM) by a simple dip coating method, 
and the oil-water separation material was successfully prepared. Due to the load of degradation 
products, the surface roughness of SSM increased from 19.09 μm increased to 62.33 μm. The surface 
changed from hydrophilic to hydrophobic, and the water contact angle increased to 123o. The oil-
water separation flux of modified SSM is 9825 L/(m2·h) and the separation efficiency is 98.99%. The 
modified SSM has good reuse performance. This hydrophobic modification method can also be used 
to modify other porous substrates, such as activated carbon, filter paper, foam, and other materials. 
In this study, the porous substrate modified by the degradation product of waste PET was used to 
prepare oil-water separation materials, which not only solved the problem of white pollution, but 
also reduced the dependence on non renewable resources in the conventional preparation methods 
of oil-water separation materials. The research provided new raw materials and methods for the 
industrial production of oil-water separation materials, and had important application prospects. 
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1. Introduction 

Polyethylene terephthalate (PET) is a linear polymer formed from the condensation of 
terephthalic acid and ethylene glycol, which has the advantages of high cost performance, creep 
resistance, friction resistance, fatigue resistance and other advantages [1]. The global consumption of 
polyester still maintains a growth rate of about 5%, and China has become the world's largest 
consumer of plastics and plastic products, plastics industry is an important pillar of the national 
economy. Most PET packaging materials are disposable and are discarded as garbage after one use 
[2–4]. The good thermal stability of PET makes it difficult to be degraded by microorganisms, 
resulting in more and more serious white pollution. Therefore, the recycling and utilization of PET 
polyester has become one of the hot issues to solve environmental pollution and the recycling and 
utilization of polymer materials [5–8].  

In general, in addition to being directly buried in landfills, PET waste can be recycled through 
direct combustion, physical recovery, chemical recovery and other ways [9,10]. Direct combustion is 
simple and easy, low cost, is the most extensive recovery method at present, but PET will emit a lot 
of greenhouse gas CO2 while recycling energy by incineration, which is not in line with the current 
dual-reduction policy, and indirectly pollute the environment. Physical recycling refers to the 
separation, cleaning, crushing and other pretreatment of waste PET to remove labels, dust and other 
pollutants, and then heating and melting to create particles, and finally processing into new PET 
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products. The recycled particles recovered by physical method are not suitable for manufacturing 
high-grade plastic products, and the mechanical properties and thermal stability of recycled plastics 
are greatly reduced compared with raw materials, and the application range of recycled plastics is 
narrow, so it is subject to certain restrictions [11,12]. At present, the chemical recovery methods of 
PET include hydrolysis method, glycol alcoholysis method, methanol alcoholysis method, ammonia 
hydrolysis method, etc [13,14]. Among them, hydrolysis is a very widely used method to recover PET 
[15,16]. Using the hydrolysis of the ester group, PET can be hydrolyzed and depolymerized under 
alkaline, acidic or neutral conditions to produce terephthalate or acid (TPA) and ethylene glycol (EG), 
TPA and EG are just the common raw materials for the production of primary PET, so as to achieve 
the chemical recycling of PET [17–19]. However, the defects of chemical monomer recovery at present 
are harsh reaction conditions, low product yield, and difficult separation and purification of the 
product. 

In this paper, waste PET was used as raw material, after swelling with ethanol, hydrolysis 
reaction was carried out with acetic acid at 80 oC for 3 h, and the degradation product was used as a 
hydrophobic modification agent to modify the stainless steel mesh, and the structure and oil-water 
separation performance of the modified stainless steel mesh were tested. At the same time, the 
hydrolysis reactions carried out in this paper do not add any catalyst, the purpose is not only to 
protect the environment and save costs, but also to reduce the reaction conditions and reduce the 
energy consumption of the whole process. The degradation products as hydrophobic modifiers 
enhance the recovery value of PET. 

2. Experiment 

2.1. Materials  

Ethanol (C2H5OH, analytically pure), purchased from Chengdu Colon Chemical Co., LTD., 
China; Acetic acid (C2H4O2, analytically pure), produced in Shanghai Titan Technology Co., LTD. 
Stainless Steel mesh (SSM) was purchased from Zilianzhong (Guangzhou) Stainless Steel Co., LTD. 
PET waste (Coca-Cola Company). Deionized water (DI) self-made. PET waste is Coca-Cola waste 
bottles. 

2.2. PET pretreatment 

The PET waste was washed with detergent, hot water and ethanol first, and then put it in the 
drying box to dry, and then cut it into pieces after drying, and crush it into 2.5*2.5 mm pieces with a 
grinder. 

2.3. PET swelling 

4 g PET particles were weighed and put into a 100 mL three-mouth flask, then 30 mL anhydrous 
ethanol was added, after that, the three-mouth flask was placed in a magnetic stirrer and swelled at 
70 oC for 5 h. After the reaction is completed, a suction filter bottle was used for filtration. The weight 
of S-PET after swelling is 8.6 g, and the swelling rate is 115%. 

2.4. PET degradation 

The swollen S-PET tablets and acetic acid were added to a 50 mL three-mouth flask and reacted 
in a magnetic stirrer. The reaction temperature is set at 80 oC and the reaction time is 3 h. After the 
reaction is complete, the reaction mixture is transparent and the reaction vessel is cooled to room 
temperature. 

2.5. Pre-processing of SSM 

SSM was put into 4 mol/L aqueous solution of HNO3 to remove the surface oxide, and then 
heated in a water bath at 60 oC for 4 h. Then wash with anhydrous ethanol for 3 min, dry and set 
aside. 
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2.6. SSM modification 

The modified SSM was obtained by immersing the pre-treated SSM in PET degradation solution, 
ultrasonic treatment for 20 min, natural drying, and then drying in 60 oC oven for 24 h. 

2.7. Characterization of modified SSM 

The surface morphology of the sample was observed and analyzed by SEM of Hitachi su8020, 
the acceleration voltage was 15 kV, and the components of the sample surface were analyzed by X-
ray energy dispersion spectrometer (EDX). Before observation, the sample was fixed on the sample 
table with conductive adhesive and treated with gold spraying. Contact Angle (CA) was measured 
by JC2000D2H contact Angle tester manufactured by Shanghai Zhongchen Technical Equipment Co., 
LTD. The surface roughness of the sample was determined by LEXT OLS4100 laser scanning confocal 
microscope of Shanghai Fulai Optical Technology Co., LTD. The resin was placed on the sample table 
at 25 oC and the contact Angle of water and chloroform was determined separately. The amounts of 
water and chloroform were both 3 μL, and the average values of 3 different monitoring points on the 
surface of the sample were obtained. 

3. Results and analysis 

3.1. Surface morphology analysis of modified SSM 

The effect of product modification on SSM surface morphology was observed by SEM, and the 
experimental results were shown in Figure 1. The surface of the unmodified SSM is smooth and the 
pore size is about 0.8 μm. After soaking in the solution, the product adheres to the screen of SSM, 
making the surface from smooth to rough, and the product "grows" along the stainless steel mesh. 

 
Figure 1. The SEM of (a) SSM and (b) modified SSM. 

In order to test the load and distribution of the product on the surface of SSM, EDX was used to 
test the element content on the surface of the sample. The mapping color of C, N and O in the original 
SSM was very light. Due to the existence of a very small amount of organic impurities on the surface 
of SSM, the content of C and N elements were 2.07% and 8.90% respectively. When SSM was soaked 
in the product, the color of C, N and O was deepened due to the load of the product. The EDX results 
showed that the content of C, N and O elements on the modified SSM surface increased, and the 
content of C and N elements on the modified SSM surface increased to 31.95% and 15.17%, 
respectively. 
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Figure 2. The EDX and mapping of (a) SSM and (b) modified SSM. 

The surface roughness of modified SSM was analyzed and measured by confocal laser scanning 
microscope, and the influence of the load of degradation products on the surface roughness of SSM 
was studied. The results are shown in Figure 3. The surface of the initial SSM was smooth with a 
roughness of 19.09 μm, which was consistent with the SEM observation results. After the 
modification of low concentration DEP, the coarse excess is slightly increased. After modified by PET 
degradation products, the roughness of SSM increased significantly to 62.33 μm. 

 
Figure 3. The laser confocal microscopy of (a) SSM and (b) modified SSM. 

3.2. Surface wettability analysis of modified SSM 

Wettability is an important index of oil-water separation materials, which can affect the oil-water 
separation effect of materials. Therefore, the water contact Angle (WCA) of PET degradation 
products before and after SSM modification was measured, and the experimental results are shown 
in Figure 4. After pretreatment, the surface of SSM is hydrophilic, and when the degradation products 
are loaded, SSM becomes hydrophobic, and the water contact angle is 123o. This is because the 
degradation products contain a large number of hydrophobic groups. 
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Figure 4. The water contact of (a) SSM and (b) modified SSM. 

3.3. Analysis of oil-water separation efficiency of modified SSM 

The experimental results of using modified materials to test oil-water separation performance 
are shown in Figure 5. The separation efficiency of the original SSM was only 10.3%. Under the action 
of its own gravity, the separation efficiency of the modified SSM reached 98.99% and the flux reached 

9825 L/(m2·h). SSM was modified by PET degradation products to achieve a good separation effect of 

oil and water, and at the same time, waste PET was degraded and recycled with high value. 

 
Figure 5. The flux and separation efficiency of SSM and modified SSM for water and oil. 

In order to verify the reusability of the modified SSM, the oil-water separation cycle experiment 
was carried out on the modified SSM, and the experimental results were shown in Figure 6. After 10 
cycles, the separation efficiency of modified SSM for emulsion remained between 95.7%-99.6%, and 

the flux remained above 7000 L/(m2 ·h). The test results show that the modified SSM has good 

recycling performance. 

 
Figure 6. The flux and separation efficiency of modified SSM during multi-cycles separation tests. 
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4. Conclusion 

In this experiment, PET was pretreated with ethanol for swelling, and then the waste plastic was 
completely degraded in acetic acid solution at 80 oC for 3 h. Hydrophobicity modification of porous 
substrates by degradation products was used to prepare oil-water separation materials. After the 
product was loaded on SSM, the surface roughness and water contact Angle were increased, the 

separation flux of oil-water mixture reached 9825 L/(m2·h), and the separation efficiency reached 

98.99%, and the separation efficiency did not decrease significantly after 10 times of repeated use. It 
not only solves the problem of waste thermosetting plastics, but also provides new raw materials for 
the preparation of oil-water separation materials and saves petrochemical resources. 
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