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ABSTRACT

Purpose: The intention of this research was to test, if injection moulded polyoxymethylene parts, manufactured in 

different cavities of the multicavity injection mould with geometrically balanced runners, differ in crystallinity degree.

Design/methodology/approach: The values of crystallinity degree were calculated on the basis of DSC 

(Dynamic Scanning Calorimetry) testing method results (DSC curves).

Findings: It was found that there are differences in crystallinity degree for parts from particular mould cavities. 

The reason of this is the difference in thermal conditions, specific for each cavity.

Research limitations/implications: It is supposed that the parts from each multicavity injection mould 

would have differences in properties. However, it is always dependent on cavities and runners’ layout. Since in this 

research a particular injection mould was used, the conclusions can not be directly extrapolated to other moulds. 

Each case requires its own analysis. Higher crystallinity degree will occur in parts obtained from areas of higher 

mould temperature.

Practical implications: The results of this investigation are important for mould designers, especially when 

moulds are used for precision injection moulding. It was proved here that differences in parts’ properties can occur 

for multicavity injection moulds. In order to avoid this it is required to minimize the temperature differences in 

the mould.

Originality/value: Geometrically balanced runners in the mould were supposed to assure the equal filling of all 

cavities. The results obtained lately by other researchers have shown that this is not always true. That investigation 

was mostly focused on filling imbalance that leads for example to difference in weight of parts from different 

cavities. In this paper it was shown that not only weight of parts can differ but also other properties.
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MATERIALS MANUFACTURING AND PROCESSING

1. Introduction 

Crystallinity degree of polymer is the percentage of 
crystalline phase in a sample of semi-crystalline polymer. It is 
dependent on thermal conditions during crystallization. In case of 
injection moulded parts melted polymer is injected from plasticizing 
unit into the injection mould where is then cooled and became solid. 
During the solidification the crystallization process occurs. The 
crystallinity degree of polymer in the moulded part is dependent on 

mould temperature and melt temperature. Both temperature values 
determine the cooling rate which is directly the reason of differences 
in crystalline structure. If the cooling rate is rapid, the conditions are 
not convenient for crystallization and more amorphous phase is 
formed. In case of slow cooling the time of keeping polymer in 
temperature required for crystallization is longer and this results in 
better formed crystalline structure. 

As the consequence – the crystallinity of injection moulded 

parts can be influenced by processing conditions like mould 

temperature or melt temperature. 

1.  Introduction



54 54

T. Jaruga, E. Boci¹ga

Archives of Materials Science and Engineering 

When the mould temperature is higher the crystallinity degree of 

moulded parts is also higher. This causes also higher density of 

parts. The heat treatment of moulded parts, which is sometimes 

used to improve their properties, is also the way of increasing the 

crystallinity degree. This feature of injection moulded parts 

influences directly their mechanical properties – parts of higher 

crystallinity degree have higher values of hardness, tensile 

strength, wear resistance and better dimension stability. 
There are publications that deal with the influence of mould 

temperature on the crystallinity degree of injection moulded parts 
or their other properties [1]. However, usually they are focused on 
parts from single-cavity moulds. It is supposed that in multicavity 
moulds all parts have the same crystallinity, but, as it was proved 
in some publications, it can differ significantly across one part, for 
example being dependent on the distance from the gate (injection 
point). Considering this a question can be asked if the cavity 
location in the mould can impact crystallinity degree of parts. 
In multi-cavity injection mould all cavities should be filled at the 
same time. If not, the time of crystallization for different cavities 
would be different. The runner system plays a very important role 
in injection mould, especially during mould filling phase [2]. It is 
always a big effort made by mould designers to balance the flow 
in runners – it means that all cavities are filled simultaneously. 
The runner system should be optimized [3]. 

Among runner systems in injection moulds two main kinds of 
balanced runners can be distinguished: 

 artificially balanced runners, 

 geometrically (naturally) balanced runners. 
In artificially balanced runners the flow balance is achieved by 
design of runners cross-section. Since the flow length to the 
cavities is different, the runners leading to closer cavities should 
have smaller cross-section. In this way melt reaches all cavities at 
the same time. In some cases it is possible to design only different 
cross-section of gates. 

Geometrically balanced runners are designed so that the 
summary length of runners leading to each cavity is the same. 
This solution does not require different cross-section of runners, 
but has also disadvantage: more scrap in case of cold-runner 
moulds – the total volume of material solidified in runners is 
significantly bigger [4]. In the past the geometrically balanced 
runners were supposed to be a good solution considering the flow 
balance. However, some research works from the last decade 
proved that even in this solution some problems with achieving 
the flow balance can occur [5-[12]. The works were focused on 
flow imbalance and its counteraction rather than on the 
consequences, that are the differences in parts properties. The 
investigation of the influence of cavity filling imbalance on 
injection moulded parts’ properties is needed. It will allow to 
estimate if differences between parts are so significant that 
correction of the mould is required. 

In practise, filling phase in injection moulding takes only a while 
– usually a fraction of a second up to several seconds. Thus the filling 
imbalance has little influence on crystallization. More important can 
be the difference in mould temperature across the cavity. 

In this paper the injection mould with geometrically balances 
runners was tested. As it was shown in previous papers, the 
geometrical balance did not assure the real balance during cavity 
filling [13]. The flow imbalance together with the differences in 
mould temperature contributed to differences in parts’ properties, 
like the structure and dynamic mechanical properties [13],[14]. In 
this paper the focus was on difference in crystallinity between 
parts from particular cavities. 

2. Experimental 

For this investigation a multicavity injection mould was used. It 
was also used for investigation of other parts properties, as it was 
described in previous publications [13],[14]. Polyoxymethylene (POM) 
was injected into the mould and the crystallinity degree of parts from 
different cavities was calculated on the basis of DSC curves. 

2.1. Material 

Polyoxymethylene (POM) was used for investigation. The 
grade was Sniatal M8 from Nyltech, Italy, with MFR = 48 g/10 
min (2.16 kg, 190ºC). 

2.2. Machine 

The mould was fixed in the injection moulding machine 
KRAUSS MAFFEI KM 65/160/C1 of the maximum clamping 
force 650 kN and the plasticizing unit with the screw of 30 mm 
diameter. 

2.3. Injection mould 

The moulded parts were manufactured in the experimental 16-
cavity injection mould, described in earlier papers [13]-[18]. The 
parts are small plates (10.0x20.0x2.2mm) grouped in 4 sections, 
marked A, B, C and D. The layout of runners and cavities is 
shown in Fig. 1 on the example of short shots result, presented in 
previous publications. It was found that despite geometrically 
balanced runner system the cavities are not filled at the same time. 
The cavities placed around the sprue (numbered with “1”) are 
filled first. This area is exposed to higher local mould 
temperature, as it was proved in [16]. The sequence of cavities
filling in each section is shown in Fig. 1 by numbers 1-4. 

Fig. 1. Short shots into the multicavity mould – inequality of 
cavities’ filling; A-D: cavity sections; 1-4: filling sequence 

2.  Experimental

2.1.  Material

2.2.  Machine

2.3.  Injection mould
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2.4. Processing conditions 

The processing conditions used for injection moulding are as 

follows:

 melt temperature: Tinj = 210 ºC 

 mould temperature: Tm = 35, 65 and 95 ºC 

 injection velocity:  v = 32 mm/s 

 holding pressure: pH=30 MPa 

2.5. DSC tests 

DSC test were carried out with the NETZSCH Phox DSC 200P 

apparatus.  
The small pieces of material were cut out of the parts like it is 

shown in Fig. 2. The samples were taken to DSC measurements 
with the skin-layer so the results present the average crystallinity 
across the part thickness, together with this layer. The mass of 
parts was 20 ± 2 mg. The parts were taken from one section of the 
mould. Fig. 2 shows the numeration of cavities in this section 
according the sequence of their filling (1-4). Five samples from 
each cavity were taken for DSC tests. 

Fig. 2. Cutting out of samples from injection moulded parts 

During DSC tests the temperature was increased with the rate 

of 10°C/min. After obtaining the DSC curves the crystallinity 

degree Sk was calculated. It was defined as below: 
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where

pH!  - melt enthalpy of tested polymer [J/g] 

cH!  - melt enthalpy of fully crystalline material (reference) [J/g] 

3. Results and discussion 

3.1. DSC curves 

The obtained curves were similar for samples coming from parts 
from the same cavity. Three exemplary DSC curves of samples from 
part no. A1 are presented in Fig. 3. The melt enthalpy for each curve 
was calculated using the NETZSCH DSC software. 

Fig. 3. Exemplary DSC curves 

3.2. Crystallinity degree 

The results of crystallinity degree calculation for parts 
obtained at different mould temperature are presented in Fig. 4. 
Beyond discussion is that for each cavity the mould temperature, 
that was adjusted at values: 35, 65 and 95°C (measured and 
controlled in one point), has significant influence on this property. 
The local mould temperature impact is also visible. The 
crystallinity degree values are the highest for cavities no. 1, 
exposed to higher local mould temperature. 

Fig. 4. Crystallinity degree for samples from different cavities 

4. Conclusions 

Polyoxymethylene parts from a multicavity injection mould with 
geometrically balanced runner differ in crystallinity degree. The main 
reason of it is different mould temperature for the particular cavities.  

2.4.  Processing conditions

2.5.  DSC tests

3.  Results and discussion

3.1.  DSC curves

3.2.  Crystallinity degree

4.  Conclusions
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It is important to place the cavities in the way that each part is 
under the same cooling conditions. Otherwise the problems in parts 
quality can occur like different shrinkage, warpage and other 
properties. Such a problem is caused by particular cavities layout that 
determines exposition of some cavities for higher temperature coming 
from heated sprue. When small tolerance of injection moulded parts’ 
properties is required, another runner system configuration in the 
mould should be used or local cooling conditions should be improved 
by cooling channels redesign. 
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