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Abstract: The paper presents the influence of the injection pressure during the processing of the acrylonitrile butadiene 
styrene (ABS), the polypropylene (PP), and polyethersulfone (PES) on certain mechanical features when obtaining 
technical items made for various industries. The ABS samples were obtained at the following injection pressures: 400 
bar, 500 bar, 600 bar, 700 bar, and 800 bar. The PP samples were obtained at the following injection pressures: 200 
bar, 300 bar, 400 bar, 500 bar, and 600, and the PES samples were obtained at the following injection pressures: 650 
bar, 750 bar, 850 bar, 950 bar, and 1050 bar. Determining the mechanical properties was made using determining 
methods of tensile properties of Izod impact test, and of Shore Durometer hardness test. It was observed in the case of 
the three analysed polymers that increasing the injection pressure in the case of polypropylene (PP) leads to a slight 
increase in hardness, whereas in the case of the acrylonitrile butadiene styrene (ABS) and polyethersulfone (PES), an 
increase in the injection pressure leads to a decrease in the hardness of the two materials. The Izod shock resistance for 
the three tested materials decreases along with the increase of the injection pressure. The tensile strength at break by 
traction is influenced by the injection pressure. An increase in the injection pressure in the case of ABS and PP leads to 
an increase in the resistance of the tensile strength at break by traction whereas in the case of PES, an increase in the 
injection pressure leads to a decrease in the tensile strength at break by traction. 
 
Key words: acrylonitrile butadiene styrene, polypropylene, polyethersulfone, tensile tests, Izod impact test, Shore 
Durometer hardness test 
 
1. INTRODUCTION 
 

The chemical industry, aeronautic industry, packaging 
industry, automotive industry, electrotechnics and 
electronics industry, stationery industry, household 
articles industry, household appliances industry, gaming 
and toys, cosmetics industry, gardening products, textile 
industry, sporting goods industry, medical equipment, etc. 
are some of the greatest consumers of plastic. The techno-
polymers frequently used in the production of the 
technical items from various industries are: 
polypropylene, acrylonitrile butadiene styrene, 
polycarbonates, polyamides, thermoplastic polyurethanes, 
polyoxymethylenes, polymethyl methacrylate, 
polyethylene, cellulose acetate, polyvinyl chloride, 
polyethersulfone, etc. The most frequently used 
processing technology for these polymers is injection. 
Polypropylene is a thermoplastic polymer pertaining to 
the polyolefin class in form of transparent, opaque 
granules, in various colours. It is characterised by low 
density, is easily processed by injection, is an excellent 
electrical insulator, has great resistance towards acids and 
weak bases, has good properties when bent repeatedly and 
it can be sterilised [1]. Usage: household articles (bowls, 
buckets, cups), pipes for water circulation and transport, 
toys, swimming pools, automotive industry (bumpers, 
protection rubber on the sides), electrotechnics and 

electronics industry, medical equipment, cosmetics 
(hairbrushes, combs, make-up wrappers), gardening 
products (chairs, chaises, tables, benches, flower pots), 
textile industry (reels, shoe laces, wear and tear items), 
packaging industry (wrappers for foodstuff and liquids), 
sporting goods industry (ski boots, tents, roller skates), 
etc. [2]. 
Acrylonitrile butadiene styrene is found in form of 
cylindrical opaque granules; they are rigid, resistant to 
shock and can be easily processed by injection. It has a 
good dimensional stability in a wide temperature interval 
(-300C/+1150C). It has a good resistance towards weak 
acids, weak bases, most aliphatic solvents, oils and fats. It 
has no resistance towards oxidizing acids (nitric acid and 
sulphuric acid), organic acids (acetic acid and formic 
acid), ketones, aromatic hydrocarbons (benzene and 
toluene), etc. Usage: automotive industry (dashboard 
equipment, binnacle pieces), household appliances 
(refrigerators, hair dryers, coffee percolators, kitchen 
robots), electrotechnics and electronics industry (PC 
cases, monitor cases, TV cases, cassette decks, audio 
systems), optical cameras, medical equipment, toys, 
packaging, etc. [1,3]. 
Polyethersulfone is an amorphous thermoplastic polymer 
pertaining to the class of aromatic polysulfones which are 
distinguished by their superior mechanical and thermal 
properties [4]. It comes in form of cylindrical granules, 
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transparent or opaque, in various colours. It is a rigid 
polymer, resistant to stress, whose mechanical properties 
are not affected until nearing the vitrification temperature 
(210-2200C). It is highly waterproof and resistant to 
liquids, to organic and inorganic acids, bases, aliphatic 
hydrocarbons, alcohols, oils, and fats. It is attacked by 
ketones and aromatic hydrocarbons. Usage: 
electrotechnics and electronics industry (switches, coil 
bodies, condensers, TV components, racks for integrated 
circuits, electrical safety devices), automotive industry 
(various components which come into contact with petrol 
or Diesel oil), medical equipment (equipment which can 
be sterilised, racks for lighting items in operating rooms), 
household appliances (hair dryers, kitchen containers, 
racks for the dishes introduced in the microwave oven). 
Processing by injection is a process in which the polymer 
melt must flow through a closed, cold cavity of one’s 
desired shape, which allows a solidification of the 
material under pressure. The process is influenced by 
many parameters. The main factors that determine the 
forming process of the thermoplastic materials are: 
chemical and physical properties, properties with regards 
to fluidity in specific conditions of the injection process, 
temperature regime, pressure regime, necessary duration 
for the forming of the object [5-9]. Melting the 
thermoplastic material is done by transferring the heat 
from the wall of the cylinder to the material and by 
transformation through friction of the mechanical energy 
into thermal energy. The pressure done by the injection 
moulding transports the plastic in liquid form from the 
barrel, through the nozzle and the mould channels until it 
fills the mould cavity. The pressure from the mould 
reaches maximum values at the end of its course and 
depends on the force done by the reciprocating screw, 
polymer's viscosity and the course's hydraulic resistance. 
The pressure from the mould reaches maximum values at 
the end of its course and depends on the force done by the 
reciprocating screw, polymer's viscosity and the course's 
hydraulic resistance. In recent years, there has been a lot 
of research regarding the mechanical behaviour of 
different types of polymers in different conditions [10-
16]. 
This paper proposes to analyse the variation of some 
mechanical properties depending on the injection 
pressure, using determining methods of tensile properties, 
of Izod impact test, and Shore Durometer hardness test, 
for the acrylonitrile butadiene styrene type Cevian®-V 
770, for the polypropylene type Borealis PP BC545MO, 
and for the polyethersulfone type LNP™ 
COLORCOMP™ JX91550 compound. 
 
2. EXPERIMENTAL 
 
The following materials have been used in manufacturing 
the specimens: the acrylonitrile butadiene styrene type 
Cevian®-V 770, the polypropylene type Borealis PP 
BC545MO, and the polyethersulfone type LNP™ 
COLORCOMP™ JX91550 compound, using an injection 
machine, KRAUSS MAFFEI KM65-160C1, made in 
2001 (Figure 1). 
The ABS samples were obtained at the following 
injection pressures: 400 bar, 500 bar, 600 bar, 700 bar, 
and 800 bar. The PP samples were obtained at the 

following injection pressures: 200 bar, 300 bar, 400 bar, 
500 bar, and 600 bar, and the PES samples were obtained 
at the following injection pressures: 650 bar, 750 bar, 850 
bar, 950 bar, and 1050 bar. 
 

 
 
Fig.1. Injection machine KRAUSS MAFFEI KM65-160C1 

 
During the injection of the ABS, PP, and PES specimens, 
all parameters that influence the cycles of injection were 
kept constant, altering only the injection pressure. 
Injection of ABS specimens was done by keeping the 
following injection parameters constant: injection 
temperature 240°C, mould temperature of 50°C, cooling 
time of 10 seconds, and injection cycle of 30 seconds. 
Injection of PP specimens was done by keeping the 
following injection parameters constant: injection 
temperature 250°C, mould temperature of 30°C, cooling 
time of 22 seconds, and injection cycle of 40 seconds. 
Injection of PES specimens was done by keeping the 
following injection parameters constant: injection 
temperature 360°C, mould temperature of 140°C, cooling 
time of 25 seconds, and injection cycle of 45 seconds. 
All injected specimens underwent the following types of 
mechanical determinations: determining hardness by 
penetration with a Shore Durometer, determining Izod 
shock properties on notched specimens and determining 
tensile strength at break and traction. All tests were done 
at room temperature. 
Determining hardness by penetration with a Shore type D 
Durometer 
The testing of the injected specimens for the three 
materials was done by determining the hardness by 
penetration with Shore type D method, with a type D 
Durometer, SAUTER HB/Germany model (Figure 2). 
 

 
 
 

Fig.2. Shore type D Durometer, SAUTER HB/Germany 
model 
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The hardness of all specimens was determined by the 
method that allows the measurement of the initial 
penetration and by the instantaneous reading of the values 
shown by the device (the reading of the values on the 
device was done in maximum 1s after being pressed). 
Testing was done in accordance with European norms - 
SR EN ISO 868:2003 [17] - on specimen models with 
forms and sizes such as those in Figure 3. For each 
specimen there was a number of 25 tests, and the result 
was expressed as the value of the arithmetic average of 
the total of tests. 

 
 

Fig.3. Specimen model for hardness tests 
 

Determining Izod shock properties 
Determining Izod shock properties was done on notched 
specimens on all three tested materials (Figure 4). 

 

 
Fig.4. Notched specimen model for Izod shock properties 

testing 
 
Testing was done in accordance with European norms - 
SR EN ISO 180 [18] - using a pendulum tester, 
PENDOLO P400 model, manufactured by HAMMEL, 
England (Figure 5). 
 

 
 

Fig.5. Device for determining Izod shock properties, 
PENDOLO P400 model, HAMMEL/England 

According to the user manual, the initial potential energy 
of the pendulum is 7.5 J and the initial angle of the 
pendulum arm is 150°C. According to SR EN ISO 180, 
the Izod impact test on notched and unnotched specimens 

( iUa ) is based on the following equation: 

310



bh

E
a c

iU   /  kJ/m²                  (1) 

where 
Ec – the energy (in J) absorbed when the specimen breaks 
h – the specimen thickness (in mm)  
b – the specimen width (in mm)  
In the case of PENDOLO P400, its software 
automatically displays the values of the energy absorbed 
when the specimens break. The specimens were fixed in 
parallel mode. Ten specimens were tested for each sample 
and the result was expressed as arithmetic average. 
Determining the tensile strength at break 
The tests for the three materials were conducted on the 
WPM – VEB Thuringer Industrie werk, Ranenstein gerat 
R 37, Typ 2092 tensile testing machine (Figure 6). 
 

 
 

Fig.6. WPM – VEB Thuringer Industrie werk, Ranenstein 
gerat R 37, Typ 2092 tensile testing machine 

 
Testing was done in accordance with the European 
Standard SR EN ISO 527-1:2000 [19] and SR EN ISO 
527-2:2000 [20] on specimens such as those illustrated in 
Figure 7. 
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Fig.7. Specimen model for tensile strength at break testing 
 

The test speed for all samples was 200mm/min. Ten 
specimens were tested for each sample and the result was 
expressed as arithmetic average. The tensile strength at 
break or at traction during the specimen’s break was 
calculated using the following equation: 
 

A
F  / MPa      (2) 

 

where  
F – the force (in N) measured at the break point of the 
specimen 
A – the initial cross-sectional area (in mm2) of the 
specimen 
 

3. RESULTS AND DISCUSSION 
 

After testing ABS samples, the following results for 
hardness by penetration with a Shore type D Durometer 
were obtained (Table 1). 
It is observed that by increasing the injection pressure of 
ABS from 400 bar to 800 bar leads to a slight decrease in 
hardness. Maximum ABS hardness is recorded at the 
injection pressure of 400 and it is 74,400 N/mm², and the 
minimum hardness is recorded at the injection pressure of 
800 N/mm² and is 73,700 N/mm². 
After testing PP samples, the following results for 
hardness by penetration with a Shore type D Durometer 
were obtained (Table 2). 
It is observed that by increasing the injection pressure of 
PP from 200 bar to 600 bar leads to a slight increase in 
hardness. Minimum PP hardness is recorded at the 
injection pressure of 200 and it is 66,102 N/mm², and the 
maximum hardness is recorded at the injection pressure of 
600 bar and is 66,544 N/mm². 
After testing PES samples, the following results for 
hardness by penetration with a Shore type D Durometer 
were obtained (Table 3). 
It is observed that by increasing the injection pressure of 
PES from 650 bar to 1050 bar leads to a decrease in 
hardness from 86,100 N/mm² to 85,650 N/mm². 
As a conclusion, it is observed that an increase in the 
injection pressure leads to a decrease in hardness in the 
case of PES and ABS, but leads to a slight increase in the 
case of PP. 
After the shock testing of the ABS, PP, and PES 
specimens, these are the following findings in terms of the 

absorbed energy on breaking of the specimens ( cE ) and 

on Izod shock resistance (Table 4). 

In the case of ABS, an increase in the injection pressure 
from 400 bar to 800 bar leads to a decrease in shock 
resistance from 14,206 kJ/m² to 12,900 kJ/m². 
In the case of PP, an increase in the injection pressure 
from 200 bar to 600 bar leads to a decrease in shock 
resistance from 11,025 kJ/m² to 8,250 kJ/m². 
In the case of PES, an increase in the injection pressure 
from 650 bar to 1050 bar leads to a decrease in shock 
resistance from 4,344 kJ/m² to 3,260 kJ/m². 
As a result of testing at traction of ABS, PP, and PES, the 
following results of the force needed to break the 
specimen (F) and resistance at break by traction (σ) 
(Table 5). 
In the case of ABS, an increase in the injection pressure 
from 400 bar to 800 bar leads to an increase in the 
necessary force needed to break the sample from 1616 N 
to 1640 N. It is the same for PP. An increase in the 
injection pressure from 200 bar to 600 bar leads to an 
increase in the necessary force needed to break the sample 
from 1008 N to 1044 N. In the case of PES, an increase in 
the injection pressure from 650 bar to 1050 bar leads to a 
decrease in the necessary force needed to break the 
sample from 2132 N to 1612 N. 
 

4. TABLES 
 

Table 1. The hardness of injected ABS specimens of 
Cevian®-V 770 processed by injection depending on the 
injection pressure 
 

Injection pressure of ABS 
Cevian®-V 770  [bar] 

Shore type D 
hardness 
[N/mm²] 

400 74,400 
500 74,225 
600 74,064 
700 73,870 
800 73,700 

 
Table 2. The hardness of injected PP specimens of 
Borealis PP BC545MO processed by injection depending 
on the injection pressure 
 

Injection pressure of PP 
Borealis PP BC545MO  

[bar] 

Shore type D hardness 
[N/mm²] 

200 66,102 
300 66.220 
400 66,304 
500 66,440 
600 66,544 

 
Table 3. The hardness of injected PES specimens of PES 
LNP™ COLORCOMP™ JX91550 compound processed 
by injection depending on the injection pressure 
 

Injection pressure of PES 
LNP™ COLORCOMP™ 
JX91550 compound  [bar] 

Shore type D 
hardness 
[N/mm²] 

650 86,100 
750 85,915 
850 85,700 
950 85,650 

1050 85,650 



Gheorghe Radu Emil MĂRIEŞ:  Study on the Influence of the Injection Pressure on Certain Mechanical Features of Acrylonitril Butadiene Styrene 
(ABS), Of Polypropylene (PP), and of Polyethersulfone (PES), by Determining...; Machine Design, Vol.7(2015) No.2, ISSN 1821-1259; pp. 61-66 

 

 65

Table 4. Variation of the absorbed energy on breaking of the specimens and on Izod shock resistance for ABS Cevian®-
V 770, PP Borealis PP BC545MO, and PES LNP™ COLORCOMP™ JX91550 compound, in terms of injection 
pressure 
 

Materials 

ABS Cevian®-V 770 PP Borealis PP BC545MO 
PES LNP™ COLORCOMP™ 

JX91550 compound 
Injection 
pressure 

[bar] 
cE  [J] iUa  

[kJ/m²] 

Injection 
pressure 

[bar] 
cE  [J] iUa  

[kJ/m²] 

Injection 
pressure 

[bar] 
cE  [J] iUa  

[kJ/m²] 

400 0,454 14,206 200 0,352 11,025 650 0,139 4,344 
500 0,448 14,000 300 0,323 10,112 750 0,128 4,020 
600 0,440 13,770 400 0,298 9,332 850 0,120 3,772 
700 0,426 13,332 500 0,281 8,800 950 0,112 3,500 
800 0,412 12,900 600 0,264 8,250 1050 0,104 3,260 

 
Table 5.Variation of the necessary force for breaking of the specimens by traction (F) and of resistance at break by 
traction for ABS Cevian®-V 770, PP Borealis PP BC545MO, and PES LNP™ COLORCOMP™ JX91550 compound, 
in terms of injection pressure 
 

Materials 

ABS Cevian®-V 770 PP Borealis PP BC545MO 
PES LNP™ COLORCOMP™ 

JX91550 compound 
Injection 
pressure 

[bar] 
F [N] σ [MPa] 

Injection 
pressure 

[bar] 
F [N] σ [MPa] 

Injection 
pressure 

[bar] 
F [N] σ [MPa] 

400 1616 40,40 200 1008 25,20 650 2132 53,30 
500 1620 40,50 300 1020 25,50 750 2002 50,05 
600 1628 40,70 400 1028 25,70 850 1832 45,80 
700 1636 40,90 500 1036 25,90 950 1700 42,50 
800 1640 41,00 600 1044 26,10 1050 1612 40,30 

 
5. CONCLUSIONS 
 
Variations in the mechanical properties of ABS Cevian®-
V 770, PP Borealis PP BC545MO, and PES LNP™ 
COLORCOMP™ JX91550 compound, polymers which 
are used in the manufacturing of various items in their 
respective industries, have been studied depending on the 
injection pressure. The ABS samples were obtained at the 
following injection pressures: 400 bar, 500 bar, 600 bar, 
700 bar, and 800 bar. The PP samples were obtained at 
the following injection pressures: 200 bar, 300 bar, 400 
bar, 500 bar, and 600 bar, and PES samples were obtained 
at the following injection pressures: 650 bar, 750 bar, 850 
bar, 950 bar, and 1050 bar. The samples were injected 
with an injection machine - KRAUSS MAFFEI KM65-
160C1. 
After carrying out a Shore Type D hardness test, using a 
type D SAUTER HB/Germany Durometer, it was 
observed that in the case of the three analysed polymers, 
an increase in the injection pressure leads to slight 
increase of hardness in the case of polypropylene, 
whereas in the cases of acrylonitrile butadiene styrene and 
polyethersulfone, an increase in the injection pressure 
leads to a decrease in hardness. 
The Izod impact tests were performed on notched 
specimens. A pendulum impact tester, Model PENDOLO 
P400, manufactured by HAMMEL, England, was used. It 
has been observed that the shock resistance decreases 
along with the increase in the injection pressure in all 
three cases. 

 
 

Determining the resistance of the tensile strength at break 
by traction for the three materials was done with a WPM 
– VEB Thuringer Industrie werk, Ranenstein gerat R 37, 
Typ 2092. The resistance of the tensile strength at break 
by traction is influenced by the injection pressure. An 
increase in the injection pressure in the case of ABS and 
PP leads to an increase in the resistance of tensile strength 
at break by traction, whereas in the case of PES, an 
increase in the injection pressure leads to a decrease in the 
resistance of tensile strength at break by traction. 
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