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Abstract: The paper presents research on the physical processing properties and morphology of recycled plastics. The scope of work 

includes conducting the processing of primary PVC and recycled PVC and testing Melt Flow Index and structural  investigation of the 

morphology of materials. In the studies polyvinyl chloride (PVC) Alfavinyl GFM/4-31, was used in the study. This plastic has density of 1230 

kg/m3 and hardness of 80 Sh° A. In the experiments, various types of chemical blowing agents were used: Expancel 950 MB80 manufactured 

by Akzo Nobel. Expancel is a mixture that contains  65 % microspheres in  the copolymer of ethylene and vinyl acetate (EVA). The 

decomposition products of the applied blowing agents mainly include carbon dioxide CO2,  a small amount of water H2O and nitrogen N2. 

The technology for producing the recycled composition is based on the extrusion and compression technology of the compositions obtained. 

The study of selected physical properties was produced. The research on the structure of manufactured materials, melt flow index MFI, and 

macroscopic structure are presented. 
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1. Introduction 

A growing interest in cellular plastics and the methods of their 

manufacture has led to the development of a new processing 

method of cellular extrusion and injection molding [1-5]. Cellular 

extrusion consists in introducing into a polymer plastic a blowing 

agent, which, under appropriate pressure and temperature 

conditions, decomposes, emitting gas [1, 3, 4, 6-8]. This gas 

dissolves in the polymer. Next, after the pressure drops, the gas 

begins to evolve from the polymer producing cellular structure, 

which has to be solidified by cooling the cellular product [8 -12].  A 

blowing agent   (porophor) can be gaseous, solid or liquid. Gases 

and liquids are introduced into the input polymer under appropriate 

conditions – under pressure, using special devices which deliver 

them to the feed section of the plasticating system. Blowing agents 

used in the extrusion process can be divided into physical and 

chemical, however this classification is traditional and not exactly 

accurate [1, 3, 11-18]. Physical blowing agents (physical porophors) 

comprise substances which do not change their chemical structure 

during the extrusion process; they only change their state of 

aggregation [4, 5, 6, 12, 17-23]. Chemical blowing agents (chemical 

porophors) act similarly as physical porophors, yet gaseous 

products generated as a result of their decomposition and causing 

the cellular extrusion effect, remain inside the plastic material. Inert 

gases and low-boiling liquids are introduced under pressure by 

means of special dispensing devices directly into the feeding zone 

of the plasticizing unit of the extrusion machines during the 

extrusion process. The emerging cells may be filled with air or with 

any other gases, for instance CO2 and N2, yet later they are replaced 

by air as a result of diffusion [1, 3, 5, 7, 8, 24-29]. Research on the 

cellular extrusion of thermoplastics focuses on the process where 

product properties are modified by changing the conditions of 

extrusion and the properties of the processing line structural 

elements. The extrusion of products with the use of blowing agents 

results in new, modified physical and technological properties of 

cellular products. 

The aim of the study is to analyze the physical processing 

properties and morphology of recycled plastics. The scope of work 

includes conducting the processing of primary PVC and recycled 

PVC. The scope of work also includes shrinkage testing of primary 

compacts and structural  investigation of the morphology of 

materials. 

2. Materials and methods 

In the studies polyvinyl chloride (PVC) manufactured by Alfa 

sp.z.o.o. (Poland), Alfavinyl GFM/4-31, was used in the study on 

cellular extrusion process. This plastic has density of 1230 kg/m3 

and hardness of 80 Sh° A. PVC foams are distingnished from most 

other types of plastic foams by a broad range of unique 

characteristics. In the experiments described in the present paper, 

one type of blowing agents were used. Chemical blowing agents are 

modifiers that generate gases through chemical reactions at elevated 

temperatures and the decomposition of organic or non-organic 

bonds, in effect producing a cellular structure due to affinity for 

polymer. In the experiments, various types of chemical blowing 

agents were used: Expancel 950 MB80 manufactured by Akzo 

Nobel. Expancel 950 MB80 is a blowing agent that has the form of 

spherical thermoplastic polymer capsules (microspheres) that 

contain a hydrocarbon gas. This is an endothermic blowing agent. 

Expancel microspheres do not bond because the capsules retain 

their blocking properties, which prevents release of the constrained 

gas.  Expancel 950 MB 80 is a mixture that contains  65 % 

microspheres in  the copolymer of ethylene and vinyl acetate 

(EVA). The decomposition products of the applied blowing agents 

mainly include carbon dioxide CO2,  a small amount of water H2O 

and nitrogen N2.  

The polymer processing was carried out with the use of a 

single-screw extruder, type W-25 with the screw diameter of D=25 

mm. The plasticizing unit was equipped with four heating zones. 

The process line was composed of the extrusion coating head, 

vacuum calibrator, the cooling bath and the remaining process line 

components.  
 

   

Fig. 1 View of the extruded rod and fragments of the produced samples. 

The process of grinding previously extruded samples was 

carried out on the Xiecheng XC-GP230 mill. It is a mill specially 

designed for grinding plastics materials with a capacity of 4 kW. 
 

      

Fig. 2 Appearance of the shredder knives and PVC recyclate. 

The process of secondary extrusion of shredded PVC was 

carried out on the EHP 2x20 Sline twin screw extruder, the 

manufacturer of which is Zamak Mercator.  
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The extrusion line consists of the following elements: co-

rotating extruder EHP 2x20 Sline, single-screw volumetric feeder, 

twin-screw volumetric feeder, extruder head, cooling bath, digital 

line control system.  

Based on the adopted research program, the polymeric material 

for polymer processing molding modifed in such a way that the 

blowing agents were fed into it during the mechanical mixing 

process.. The blowing agents used in the polymer processing were 

fed into the polymers being processed in the following quantities: 

0.5%, 1.0% and 2.0% by mass (w/w). In order to obtain high 

process efficiency for the above blowing agents, the processing 

temperature range was 170-210°C.  

   
Fig. 3 View of   technological line section for recycled plastics. 

They are usually fed into the plasticizing unit using gravimetric or 

volumetric feeders. The polymer and blowing agent mixture then 

undergoes processing in the plasticizing unit and forming. In order 

to produce a favourable structure with small cells, the product 

should be cooled and solidified as quickly as possible. 

3. Results and Discussion 

The Melt Flow Index (MFI) is a measure of the ease of flow of the 

melt of a thermoplastic polymer. It is defined as the mass of 

polymer, in grams, flowing in ten minutes through a capillary of a 

specific diameter and length by a pressure applied via prescribed 

alternative gravimetric weights for alternative prescribed 

temperatures. The method is described in the similar standards 

ASTM D1238 and ISO 1133. MFI tests were carried out on the test 

stand equipped with a Ceast weight plastometer type 6542.00 with 

additional equipment and a laboratory balance. 
 

  
Fig. 4 View of   MFI instrument, Ceast 6542.0 and  selected measurement 

samples 

The result of the measurements carried out was the receipt of 

the MFI mass flow rate value for a PVC extrudate modified with a 

blowing agent. The range of obtained readings is from 2.27 g/10 

min at 0% mass content of the blowing agent to 4.55 g / 10 min at 

1.5% mass content of the blowing agent. For the MFI secondary 

tape test, results were found in the range of 0.64 g / 10 min at 0% 

mass content of the blowing agent to 1.70 g/10min at 1.0% mass 

content of the blowing agent in recycled material. The value of 

average values for individual materials with an indication of the 

content of the blowing agent was: 0.68; 1.28; 1.67; 1.37. The 

relationship of these values is presented in the chart below. 

 

  

Fig. 5 Block diagrams illustrating the dependence of MFI on the blowing 

agent type and its content in primary and recycled PVC. 

The investigation and analysis of the porous structure of the 

produced parts were conducted using an confocal microscope, type 

Nikon Eclipse LV100ND and copyright position of image analysis 

of porous structure and the author’s stand for porous structure 

image analysis. The morphology shows are porous in whole cross 

section area. There is no solid outer layer visible, as in the case of 

injection molded samples. Obtained pores have different size and 

shape.  

Microscopic studies show the effect of secondary extrusion on 

the structure of porous poly (vinyl chloride) depending on the 

amount of blowing agent added, which was added in primary 

extrusion in the amounts: 0%, 0.5%, 1.0% and 2.0% by mass in 

relation to the weight of the processed material.  

Based on the obtained microscopic images, we can observe that 

after re-extrusion of porous PVC, pores still occur in the structure of 

the material, but their size has decreased and the quantity has 

decreased to such an extent that the extrudate no longer has a 

porous structure. The change in the number of pores and their 

surface quantity in the cross section of the molded parts can also 

depend on cooling intensity. Fast cooling hampers the occurrence 

and growth of the pores, especially of those located closer to the 

surface layer (Figs. 6-9). 

   

Fig. 6 Fragment of the cross section of the PVC and recycled PVC without 

microspheres. 

   

Fig. 7 Fragment of the cross section of the PVC and recycled PVC with 

0.5% microspheres. 

In the case of the porous parts produced using the blowing agent 

with the endothermic decomposition characteristics, the gas release 

in the course of processing comes to an end once the energy supply 
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is stopped. The obtained porous structure is uniform; the pores have 

a spherical or quasi spherical shape. The pores have similar sizes, 

irrespective of their location in the product. 

   

Fig. 8 Fragment of the cross section of the PVC and recycled PVC with 

1.0% microspheres. 

   

Fig. 9 Fragment of the cross section of the PVC and recycled PVC with 

2.0% microspheres. 

The difference between the structure of primary PVC and 

recycled PVC, where a blowing agent was added during the porous 

processing, is significant. Secondary extruded poly (vinyl chloride) 

samples have a solid structure with single pores appearing in sizes 

much smaller than in the case of primary samples. It is noticeable 

that the number of pores of the secondary samples depends on the 

amount of blowing agent added during the primary extrusion 

process. Namely, the smallest number of pores occurs when the 

blowing agent in the primary extrusion was added in an amount of 

0.5% by mass based on the weight of the processed material, and 

the largest number of pores occurs when the blowing agent was 

added in the amount of 2.0% by weight based on the weight 

recycled plastic. 

4. Conclusions 

Appropriate selection of methods and technological lines allows 

the processing of secondary plastics with high efficiency and good 

quality of secondary products. The purpose of secondary plastics 

processing is to obtain products with repeatable technological 

properties. After testing for selected strength indicators, it results 

that in the case of PVC without the content of blowing agent, its 

value significantly decreases, for secondary plastics, compared to 

primary plastics. 

The porous structure is an advantage of plastics parts produced 

in the cellular processing, as it results in a decreased amount of the 

polymeric composite needed in their production. Owing to the use 

of chemical blowing agents, porous parts have, among others, lower 

weight, enhanced damping properties, and lower processing 

shrinkage.  The cellularity determines the gaseous phase content in 

a cellular product, determining at the same time the density 

decrease value of this product. Such content of the blowing agent in 

the polymer determines both the coating continuity over the whole 

cross section and the uniform distribution of pores and their similar 

sizes.  
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