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Abstract 

High density polyethylene (HDPE) and polyvinyl alcohol (PVA) are blended with maleic anhydride grafted 

amorphous-alpha olefin copolymer as the compatibilizer. The effects of different raw material ratio and the content 

of compatibilizer and foaming agent on the mechanical properties of the material are studied. It is found that the 

increasing content of PVA added to HDPE has a negative effect on the properties of the composites. The 

compatibility and mechanical properties are improved after adding MAH-g-APAO and the most appropriate addition 

amount is 4%. Foaming agent can make the material lightweight but will decrease the mechanical properties of the 

material. The composites have a good effect on the removal of methylene blue (MB). Through the experiment, it is 

found that the initial concentration of MB and adsorption time will also influence the adsorption. The experiment to 

explore the influence of pH value and temperature of solution on the removal efficiency shows that alkaline 

environment and high temperature can promote the removal of MB. At 343.15 K, the adsorption capacity (qe) 

reaches 2.08 mg·g-1. Using the composites to remove dye has the advantages of environmental protection, simple 

operation and easy recycling. It has broad application prospects in the field of dye wastewater treatment. 
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Introduction 

High density polyethylene (HDPE) is a high-yield material with compact structure, high crystallinity and fine 

mechanical properties [1-5]. Moreover, it has replaced materials such as metal and wood which are expensive or hard 

to be formed. It now is widely used to make pipes due to its characteristics of heat resistance, cold resistance and high 

stability. Its good electrical insulation is often used as the insulation layer and sheath of wires and cables [6-7]. 

Polyvinyl alcohol (PVA) is a material with high surface activity, high biocompatibility and film-forming ability 

[8-10]. In addition, it is non-toxic and harmless and can be degraded by specific microorganisms [11-12]. PVA has 

broad application prospects under the social background of green development [13]. However, a large number of 

H-bonds within and between PVA molecules lead to its high melting point. When PVA is melted, part of it has been 

decomposed, which makes it difficult to melt process PVA [14-15]. HDPE is inserted between PVA molecular chains 

as a plasticizer when we blend them two. Nonpolar HDPE molecules block PVA and avoid the formation of H-bonds 

between PVA molecular chains. This weakens the force between PVA molecular chains, reduces the crystallinity and 

increases the mobility of molecules. The melting temperature of PVA is decreased and then PVA can be processed by 

melting [16-19]. Meanwhile Maleic anhydride grafted amorphous α-olefin copolymer (MAH-g-APAO) was used as 

the compatibilizer to improve the blending effect. The mechanism of plasticization and compatibilization is shown in 

Fig. 1. 

Methylene blue (MB) is a solid powder at room temperature, which is a commonly used cationic dye for cotton, 

wool textiles and silk [20]. But MB is toxic and difficult to biodegrade, and will even cause poisoning or death to 

aquatic organisms when its concentration increases to a certain level in water [21-22]. Years recently, due to the rapid 

development of the textile industry and the printing or dyeing industry, dye wastewater discharged by the dye 

factories has increased day by day, and the destruction to the environment has become increasingly serious. 

Therefore, the research on the wastewater treatment of MB has become increasingly important [23]. For the time 

being, the main methods of wastewater treatment are adsorption, oxidation, membrane separation and flocculation 

precipitation method. Among them, adsorption is widely used because of its low cost, simple operation, 

eco-friendliness and easy recovery [24-25]. Polymer foaming materials have great potency in the removal of dye due 

to their porous internal structure and large specific surface area [26]. As shown in Fig. 2, PVA brings a large amount 

of hydroxyl to form H-bonds between the nitrogen atoms [27]. At the same time, MAH-g-APAO dehydrates and 

condenses with PVA, forming the C=O which can link with the π electronic in the form of n-π interaction on aromatic 

rings of MB [28-29], which also makes contribution to the removal of MB. In this paper, HDPE/PVA composites was 



used to investigate the effects of various factors on MB removal by changing the initial dye concentration, pH value 

and temperature. 

  



Experimental 

Materials 

PVA was produced by Sinopec Shanghai Petrochemical Co., Ltd, HDPE was from PetroChina Co., Ltd, 

foaming agent was from Foshan Ouxi Chemical Co., Ltd, MAH -g-APAO was prepared in the laboratory, MB was 

from Tianjin Beichenfangzheng Reagent Factory.  

preparation of HDPE/PVA 

HDPE and PVA were blended with foaming agent and compatibilizer at 160 ℃ in the mixer (SU-70C, 

Changzhou SuYan Technology Co., Ltd). By changing the ratio of HDPE to PVA, the content of the compatibilizer 

and foaming agent, the influence of various factors on mechanical properties of materials were explored, the 

formulas are as shown in Tab. 1, Tab. 2 and Tab. 3. After granulation, HDPE/PVA composites foaming material was 

prepared by plate vulcanizing machine (XLB-DY, Qingdao Huabo Machinery Technology Co., Ltd) at 160 ℃.  

Tab.1. Formulas with different ratio of HDPE to PVA 

Mixture ID HDPE/PVA Foaming agent(%) Compatibilizer agent (%) 

1-1 10/0 6 6 

1-2 9.5/0.5 6 6 

1-3 9/1 6 6 

1-4 8/2 6 6 

1-5 7/3 6 6 

 

Tab.2. Formulas with different content of compatibilizer agent 

Mixture ID HDPE/PVA Foaming agent (%) Compatibilizer agent (%) 

2-1 7/3 6 0 

2-2 7/3 6 1 

2-3 7/3 6 2 

2-4 7/3 6 3 

2-5 7/3 6 4 

2-6 7/3 6 5 

2-7 7/3 6 6 

 

Tab.3. Formulas with different content of foaming agent 

Mixture ID HDPE/PVA Foaming agent (%) Compatibilizer agent (%) 

3-1 7/3 2 4 

3-2 7/3 4 4 

3-3 7/3 6 4 



3-4 7/3 8 4 

3-5 7/3 10 4 

 

 

Characterization 

The tensile and bending properties of samples were tested by the electronic universal testing machine (CMT, 

Shenzhen Nss Laboratory Equipment Co., Ltd). The tensile rate was set to 1 mm/min, the bending rate was set to 2 

mm/min. Each sample was tested for three times and the average was taken as the tensile strength and bending 

strength of the sample.  

The functional groups and chemical bonds of the samples were determined by Fourier transform infrared 

spectrometer (FT-IR) (TENSOR Ⅱ, Bruker, Germany). The scanning range was from 500 cm−1 to 4000 cm−1. 

MB solution of different concentrations were prepared, and the absorbance was tested by ultraviolet visible 

spectrophotometer (UV-2600, Shimadzu (Suzhou) Co., Ltd) to draw the concentration curve of MB solution. Taking 

the absorbance of MB solution into the concentration curve, the concentration of MB can be obtained.  

The samples were cut into squares with side length of 5 mm. Weigh 0.15 g of them as a group, and put one 

group into MB solution to test its removal efficiency. The calculation formula is as follows: 

η=
C0-Ct

C0
×100% 

where η is the removal efficiency, C0 (g·L-1) is the initial concentration of MB in water after adsorption.  

Six groups of samples cut into squares (0.15 g for each group) were added into 30 mL MB solution with 

concentrations of 0.01 g·L-1, 0.02 g·L-1, 0.03 g·L-1, 0.04 g·L-1, 0.05 g·L-1 and 0.06 g·L-1 respectively. The removal 

efficiency after adsorption saturation was tested to explore the influence of the initial concentration of MB on the 

adsorption effect. 

Put one group of samples cut into squares (0.15 g for each group) into 30 mL MB solution with the 

concentration of 0.02 g·L-1. The absorbance was tested every 2 h until it was saturated. The removal efficiency was 

calculated and then the curve of removal rate and contact time was drawn.  

Five groups of samples cut into squares (0.15 g for each group) were selected and put into five groups of 30 mL 

MB solution with different pH value. The pH of MB solution was regulated to 5, 7, 9, 11, 13 respectively. The 

removal efficiency was calculated after adsorption saturation. The influence of pH value was studied. 

Five groups of 30 mL MB solution with the concentration of 0.01 g·L-1 were prepared. Adjusted their 



temperatures to 30 ℃, 40 ℃, 50 ℃, 60 ℃ and 70 ℃ respectively. Then put one group of samples into each one. 

Tested the absorbance after adsorption saturation, and the influence of temperature on the removal efficiency of MB 

was obtained. 

Results and discussion 

Analysis of mechanical properties 

It can be perceived from Fig. 3 (a) and Fig. 3 (b) that the tensile strength and bending strength both showed a 

downward trend with the increase of PVA content in the composites. The tensile strength decreased to 2.605 MPa 

from 10.606 MPa when the ratio of HDPE and PVA was 7/3. As for the bending strength, it decreased to 6.113 MPa 

from 14.505 MPa at the same change of ratio. This indicated that they have poor phase interface adhesion due to their 

different polarities of PVA and HDPE, which causes the poor compatibility between them. When the mechanical 

properties are tested, the interface becomes the concentrated stress point and breaks first, which leads to poor 

mechanical properties of the composites. The more phase interface formed between PVA and HDPE, the poorer the 

mechanical properties are. 

Fig. 4 (a) showed that the overall trend of tensile strength of composites rose first and then fell with the increase 

of compatibilizer content. The tensile strength reached the highest point when the mass proportion of compatibilizer 

is 4%, which is 4.367 MPa. As shown in Fig. 4 (b), the bending strength appeared an extremely similar trend with the 

tensile strength, it also reached the highest point for 8.562 MPa when the compatibilizer is 4%. This showed that 

when the compatibilizer content was low, the compatibility between HDPE and PVA was improved under the 

influence of compatibilizer content, the adhesion at the interface increased, so the mechanical properties increased. 

When the compatibilizer exceeded the required content, the compatibilizer became an additional phase, resulting in 

phase separation and reducing the mechanical properties of the composites. 

Fig. 5 (a) and Fig. 5 (b) showed the influence of the content of foaming agent on the mechanical properties of 

the composites. Obviously, the foaming agent will weaken the mechanical properties of the composites.  With the 

increase of foaming agent content, more bubbles were formed inside the composites, and the air pressure in the 

bubble hole kept increasing. The bubble wall was destroyed when the air pressure exceeded the bearing capacity of 

the bubble wall. Then the bubbles interconnected with other bubbles adjoining, resulting in the decrease of 

mechanical properties of the composites. 



Analysis of FT-IR 

From Fig. 6, 3312 cm-1 is the absorption peak of -OH in PVA, 2914 cm-1 and 2847 cm-1 are the symmetrical 

stretching vibration peaks of -CH2 in HDPE, and 1738 cm-1 is the C=O brought by the MAH-g-APAO and the C=O 

of vinyl acetate residue in PVA production process. 

Analysis of adsorption behavior of MB 

In the light of Lambert-Beer law： 

A=εbc=lg
1
T 

it is obvious that the absorbance (A) is proportional to the concentration (C) when the absorption coefficient (ε) and 

the thickness of the absorption layer (b) are fixed. Therefore, the concentration of MB in the solution can be 

calculated by the measured absorbance with the help of the concentration curve drawn. MB solution with different 

concentrations was prepared and its absorbance was tested. MB solution concentration curve is drawn as Fig. 7. 

Fig. 7 indicated that the measured concentration curve is not a straight line. This is because when the solution 

concentration gets to a high level, the average distance between the absorption particles decreases. The refractive 

index will also change due to the rising of concentration, which will affect the absorption coefficient ε. Influenced by 

the refractive index and the interaction of the charge distribution between particles, their absorption coefficient ε 

changes, resulting in the nonlinear relationship between the solution concentration and the absorbance Meanwhile, 

the light stability of MB at high concentration is poor, which leads to the light degradation of MB [30-31]. The 

concentration equation fitted is as follows: 

A=-534.61×C2+66.69×C+0.03 

where A is the absorbance, C is the concentration MB. R2 is 0.9988, which shows that there is still a great correlation 

between the absorbance and concentration of MB even if MB solution is at a high concentration. 

(1) Influence of initial MB concentrations on adsorption of MB 

The removal Aefficiency of MB by the composites decreases as an overall trend with the increasing 

concentration of MB solution as shown in Fig. 8. When the concentration rose from 0.01 g·L-1 to 0.02 g·L-1, the 

removal efficiency increased slightly. This shows that under the prerequisite of keeping composites dosage 

changeless, appropriately increasing the dye concentration can improve the concentration gradient which is the 

driving force to promote MB molecules in solution to approach the composites and can make MB molecules have 



more opportunities to contact with the active adsorption sites inside the foaming composites, so the removal 

efficiency increased. But the adsorption of MB attached to the composites gets to be saturated when the dye 

concentration increases to a certain level, resulting in a decrease trend when the concentration of MB keeps rising. 

(2) Influence of contact time on adsorption of MB 

From Fig. 9, we see that the removal efficiency of MB increased rapidly at the beginning of adsorption. This is 

because there were many adsorption sites in the composites at the beginning. Then the pace of adsorption slowed 

down at the late stage of adsorption. Obviously as the contact time went on, the adsorption sites were gradually 

occupied, the active adsorption sites became scarce, and at last the rates of desorption and adsorption got to be equal 

and the adsorption capacity increased no more. In addition, after the active sites on the surface of the composites 

were all occupied, the left MB molecules waiting to be adsorbed needed to break through the resistance to contact 

with the active sites inside the composites. It is harder than the adsorption on the surface, which also leaded to the 

slowing down growth at the last of adsorption. 

(3) Influence of pH value on adsorption of MB 

Fig. 10 demonstrated that the increasing pH value led to an increasing trend for the removal efficiency of MB. 

As the concentration of H+ in the acid solution is high, H+ will compete with MB for active adsorption sites [32]. The 

concentration of H+ in the solution decreased with the pH value increased, the more active sites were free for MB. 

(4) Influence of temperature on adsorption of MB 

The influence of temperature on adsorption of MB was explored. Fig. 11 (a) shows the cross-section of the 

composites before and after adsorption at different temperatures. Fig. 11 (b) shows the color change of MB solution 

before and after adsorption. It can be demonstrated that with temperature rising, more MB molecules were tied to the 

composites, and the solution color became lighter, which means that hyperthermia may have a positive effect on the 

adsorption of MB. Noteworthily, the composites have a porous structure and MB molecules will not get too much 

resistance to get into the inside of the foaming composites. 

Calculation equation of equilibrium adsorption quantity: 

𝑞𝑒=
C0-Cem ×V 

where qe (mg·g-1) is the quantity of equilibrium adsorption of MB, C0 (mg·L-1) is the initial concentration, Ce 

(mg·L-1) is the concentration at equilibrium, m (g) is the addition quantity of the composites, and V (L) is the 

solution volume. 

Fig. 12 (a) was the equilibrium adsorption quantity at different temperatures, while Fig. 12 (b) was the removal 



efficiency at different temperatures. 

It was clear in Fig. 12 that the equilibrium adsorption quantity and removal efficiency were both positively 

affected by raising temperature. The equilibrium adsorption quantity reached 2.08 mg·g-1 and the removal efficiency 

reached 94.7% when it was set for 70 ℃. 

The adsorption equilibrium constant kd at each temperature was calculated by: Kd= qe
Ce

. Fig. 13 was drawn with 

ln Kd and 1/T. 

Thermodynamic parameters are calculated as follows, 

ln Kd =-
∆H0

RT +
∆S0

R  

ΔH0 is calculated to be 57.22 kJ·mol-1 by putting the slope of the fitted curve into the equation, indicating that 

the process is endothermic, and hyperthermia does benefit to the process. ΔS0 is calculated to be 157.02 J·mol-1·K-1 

by putting the intercede of the fitted curve into the equation, indicating that the reaction is an entropy increase 

process. Before the MB was adsorbed by the composites, a large number of water molecules were attached to the 

surface of the composites. -MB molecule requires desorbing several water molecules, resulting in that the increased 

entropy caused by the desorption of water molecules exceeded the decreased entropy caused by the adsorption of 

MB, which made the entropy negative on the whole. 

Conclusion 

In this work, PVA and HDPE were blended to prepare the composites. However, due to the problem of 

compatibility, the mechanical properties of the composites decrease with the addition of PVA. The compatibility 

between PVA and HDPE can be enhanced by adding an appropriate amount of compatibilizer, and the mechanical 

properties of the composites can be enhanced to a certain extent.  

In the respect of the adsorption of MB by the composites, the experimental data showed that low concentration 

MB was easier to be adsorbed than high concentration MB. As the contact time went on, the rising of removal 

efficiency was fast at the beginning and slowed down when it was about to reach adsorption equilibrium. The study 

on the influence of pH value showed that the composites had a better efficiency in alkaline environment. Set the 

adsorption progress of MB at 5, it is found that hyperthermia is positive to the adsorption. When it rose to 343.15 K, 

the adsorption capacity reaches 2.08 mg·g-1. Differing from conventional dye wastewater purification methods, 

taking foaming composites to adsorb dye wastewater has a simpler process and is easier to be recycled. There is great 

potential for foaming composites in MB wastewater treatment. 
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