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A B S T R A C T 

The use of plastics has a very important role in the packaging of medical products. The choice of 
material and packaging process is important for the sustainability of the medical product quality, 
which has a direct impact on the user health. For the purpose of protection, depending on the type 
of medical product or the degree of risk to human health, the medical product packaging process is 
given a particular importance. Standard methods have been defined for performing the packaging 
process. In order to achieve the satisfactory quality of the packaging, and following the experimental 
analysis of the influence of thermoforming process parameters on the packaging design, the paper 
provides their optimum values. Minitab software was used for the analysis and optimization of the 
parameters.   
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1.  INTRODUCTION  

Interest in the application of plastic products is increasing 
every day. It is well-known that plastic masses up to 35% 
are applied in industrial processes of packaging food, 
medical and other products, due to the basic characteristics 
of plastic materials that can be modified by any method for 
surface modification and/or material structure. A large 
number of published publications contain the results of 
testing parameters relevant to the structure and durability 
of plastic materials, including newer published 
publications based on a study on polymer nanocomposites 
[1]. Various types of plastic materials are used for the 
manufacture and packaging of medical products. The 
packaging process is performed depending on the type and 
classification of the medical product. Packing of medical 
products implies packaging production by thermoforming 
process, then placing products in packaging and sealing of 
finished packaging. The material used for packing medical 
products can be completely of polymeric origin or partly 
covered with porous medical paper. Research and analyses 
in the field are often focused on ecological protection of 
the environment. Goals and initiatives for contributing to 
the plastics industry by the European plastics industry also 

imply finding new solutions in packaging processes. New 
solutions are aimed at increasing re-use and plastic 
recycling up to 60% for the period up to 2030 [2]. In 
addition, research in this area has resulted in the 
introduction of appropriate important standards for the 
process of packing medical products and the quality control 
of the integrity of the packaged compound. Authors [3-5] 
have published the analyses of the methods for quality 
control of medical packaging. The paper by [6] lists the 
aspects of quality assurance in the production of medical 
products. Authors [7, 8] have published the analysis of the 
influence of process parameters in the packaging of 
medical products, modelling and optimization using the 
method of classical mathematical analysis and software 
analysis in Matlab and Minitab. Standard test methods for 
seal strength of flexible barrier materials were published by 
American Society for Testing and Materials (ASTM), 
under the designation F 88-07 [9]. The quality of the 
packaging depends directly on the properties of the 
material (foil) and the characteristics of the packaging 
process (thermoforming and sealing). This paper describes 
the process of thermoforming a medical foil package, 
which begins by heating the foil to a certain temperature, 
after which the air pressure forms the shape of the packing 
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defined by the shape of the medical device. The influence 
of thermoforming process parameters was analysed 
separately for two phases (heating and forming). The 
Minitab software package was used for the analysis and 
optimization of the process parameters.  

2.  THE PROCESS OF THERMOFORMING OF MEDICAL 

PACKAGING  

The packing of the medical product includes the process of 
film thermoforming into the packaging and closing the 
packaging after the medical product packing process. The 
packaging is performed on the machine of the Italian 
manufacturer AL.MA [10]. The starting material for the 
production of medical packaging is polypropylene / 
polyamide / polyethylene (PP /PA/PE), a co-extruded 
seven-layer film suitable for sterilization of ethylene oxide 
(EO). Typical film sizes, Steriking® ML P 80, have a 
specific weight of 78 g/m2 and a thickness df = 0.08 mm. 
The packaging for a medical product is created by a 
thermal molding process according to a defined form in 
two phases: the film heating phase and the film forming 
phase. According to the recommendation of the film 
manufacturer, the temperature of the thermoforming 
process ranges from 80-120 �. Test methods for ensuring 
the quality of thermoforming film products are described 
in Standard ASTM F88-07.    

3. MEASUREMENT AND OPTIMIZATION OF PROCESS   

PARAMETERS 

Selection of Design of Experiments (DoE) options for the 
thermoforming process (two phases: heating and forming) 
was performed in the Minitab software package. 

3.1  Defining thermoforming process parameters 

Thermoformingprocess parameters for the first and the 
second phase are given in the Table 1.  

Table 1 –Thermoforming process parameters  

Thermoforming process parameters 

Process 
phases 
(I, II) 

Process input parameters 
Th, Tf, (°C) 

Th, tf (s) 
pf (MPa) 

Process 
output 

parameters 
dfm (µm) 

(I) 
 
Foil 
heating 

Heating 
temperature 

Thmin 85  
 

 
Average foil 
thickness of 
the formed 
medical 
packaging 
 

 

Thmax 115 

Heating 
 time 

Thmin  1 

Thmax  2  

(II) 
 
Foil 
forming 

Forming 
temperature 

Tfmin  85 

Tfmax  115 

Forming 
 time 

tfmin   1  

tfmax   2  

Forming 
pressure 

pfmin  1.50 · 10-1  

pfmax  3.50 ·10-1  

Fig. 1(a) shows a part of the machine where thermoforming 
process and parameter measures as per process stages is 
conducted, according to the measuring positions, Fig. 1 (b). 
The temperature value T of the first heating stage, 
represents the temperature of 10°C, which is performed 
with the purpose of preheating the foil. In the analysis of 
the influence parameters, its value is viewed as T=const, 
because it depends on the heating temperature Th defined 
by the thermoforming process. 

 

Fig. 1 Part of the machine for thermoforming process (a); sample with 
measuring positions. (b) 

3.1.1 Measuring results and analysis during the foil 
 thermoforming process 

Planned measurements during the thermoforming process 
of the foil were performed separately for the foil heating 
phase (I) and the foil forming phase (II), as well as the 
analysis of the obtained results. The analysis of influential 
parameters and measurement results was performed in the 
Minitab software package, whose tools are based on 
statistical data processing. The test methodology is 
described by ASTM F2251-13 [9]. Measurement of the 
average foil thickness in the heating phase was performed 
for 16 experiments. During the test, the foil heating was 
conducted simultaneously for 4 samples (packaging). Four 
measuring points were defined on each of the samples, Fig. 
1(b). The measurement results of the average foil thickness 
in the heating phase are given in Fig. 2. 

 

 

Fig. 2 The measurement results of the average foil thickness in the 
heating phase (a) average foil thickness in relation to temperature;  

(b) average foil thickness in relation to time. 
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The significance of the influence of the process input 
parameters on the average foil thickness during the 
thermoforming process-heating phase is given in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.  3  Significance of the influence of process parameters during 
thermoforming-foil heating phase. 

The Pareto diagram shows the significance of the influence 
of the input parameters on the average film thickness. The 
analysis of the obtained results, Fig. 3, indicates that the 
most influential input parameter during the foil heating 
phase is temperature (A). Another important parameter is 
the interactive effect of temperature and heating time (AB). 
Measurement of the average foil thickness in the forming 
phase was conducted on 12 experiments. Each of the 
experiments contains 4 samples (packaging), with 4 
defined measuring points, Fig. 1(b). The number of input 
parameters at this stage of thermoforming is 3 
(temperature, time and pressure). The results of measuring 
the average foil thickness in the packaging forming phase 
are given in Fig. 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Average foil thickness in the packaging forming phase in relation 
to a) temperature; (b) time and pressure. 

The significance of the influence of the process input 
parameters on the average foil thickness in the forming 
phase is given in Fig. 5. 
 

 

 

 

 

 
 

 

Fig. 5 Significance of the influence of process parameters during 
thermoforming-foil forming phase. 

The significance of the influence of input parameters on the 
average foil thickness, Fig. 5, is less than expected, 
although the data of interactive air flow under pressure and 
the time should not be ignored. 

3.1.2 Optimization of the thermoforming process 
parameters 

The sizes corresponding to the maximum value of the 
average film thickness and the minimum deviation value 
were selected for the objective function. Fig. 6 shows 
diagrams of the influence of the input optimal sizes on the 
implementation of a given objective function. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

Fig. 6   Diagrams of the influence of the input optimal 
sizes. 

 
The first part of the diagram (Composite Desirability) 
refers to the optimization of both output sizes (deviation 
and average film thickness) in relation to the input 
parameters of the heating phase (temperature and time). 
The second part of the diagram (Deviation Minimum) 
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refers to the optimization of deviation depending on the 
input parameters (temperature and time), whereas the third 
part of the diagram (Average Maximum) refers to the 
maximum value of the average film thickness in relation to 
the input parameters (temperature and time). 
According to the first diagram, the dependence of the 
output sizes on the process input parameters is about 71.20 
%, while the deviation for the same input parameter 
interval is 2.15. 
Optimization of the thermoforming process parameters 
was performed for the defined objective function dfm→max 
(µm), given in Table 2. 

Table 2 – Optimum values of thermoforming  process parameters                   

Thermoforming process parameters 

Process 

Optimum values 
of input parameters 

Thop (°C) 
thop (s) 

 

Objective  function 
 

dfm→max (µm) 
 

(Average foil thickness) 
 

Thermo- 
forming  
foil  
heating  
phase 

Thop 87 

dfmax  19.50 
thop 2 

4. CONCLUSIONS 

The course and manner of conducting the medical product 
packaging process are defined by appropriate standards. 
There are several different ways of modelling and 
optimization to determine the optimum values of process 
parameters. By using Minitab software, we have obtained 
optimum values of process parameter in the size range 
defined by the appropriate standards. The optimum 
temperature for thermoforming-the foil heating phase is 
Thopt=87°C, while the standard defined foil heating 
temperature is Th =80°C-120°C. The optimum heating time 
is topt=2 s, whereas the standard defined time interval is 1-
2 seconds. 
The aim of this analysis and process parameter 
optimization is to maintain the reliable operation of the 
medical device packaging process by applying optimal 
process parameter values that, in addition to technological 
and economic justification, affect the quality of the medical 
device packaging. The technical and economic benefits of 
applying optimal parameter values are related to the 
following: 

 Higher productivity, 
 Savings in heating energy consumption, 
 Material savings, and  
 Greater stability of the thermoforming systems. 

In addition to the above mentioned advantages, the 
production of packaging for medical products under 
optimal operating conditions has an impact on a higher 
level of environment protection. 
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