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Abstract: During injection molding of highly filled polymers it is necessary to avoid any inhomogeneities arising from high shear 

rates/stresses created in molded parts, because they lead to uneven shrinkage after molding, dimensional instabilities and even cracks and 

voids in the final parts. The testing mold design to intercept so called powder-binder separation has been upgraded to a 3D cube-like model 

and constructed. Investigation of a tendency to phase separation is however strongly affected by a material and a surface structure of a 

processing tool. Therefore, flowability of various filled materials in the flow channels designed from different construction materials were 

tested and compared within this contribution. 
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1. Introduction 

 Injection molding of filled polymers is still a challenging 

engineering task – especially in case of extremely highly filled 

compounds as those employed in powder injection molding, where 

any structural inhomogeneity introduced during injection molding 

step has a detrimental effect of the quality of the final parts. 

 Recently1 we put a lot of effort to design a testing mold to 

intercept so called powder-binder separation occurring during high 

shear rates and stresses generated during injection molding. It has 

been developed at the Tomas Bata University in Zlin in cooperation 

with Fraunhofer IFAM, Bremen and consists of four sections and 

each section is connected with the 1 mm long gate in the section 

profile. The inner side length of first three sections and the outer 

side length of the last section is 10 mm. The mold cavity contains 

the inner and outer corners, the radical thickness variations, the 

areas with the weld lines and very thin film part, which is 0.3 mm 

deep. Later, it has been upgraded to a 3D cube-like model and 

constructed2.  

On this geometry, the novel evaluation method based on a 

scanning electron microscopy with an energy dispersive X-ray 

(SEM/EDX) has been proposed3. In the methodology, the 

quantitative EDX mapping as the measure of separation was carried 

out. To convert qualitative grayscale maps into quantitative 

information, it was necessary to assign relative parameter, where 0 

% represents purely white area and 100 % completely dark spots. 

Then, the concentration EDX maps of the powder and/or the binder 

elements after injection molding have been analyzed 

mathematically to obtain the single value so called the variability 

parameter. This variability parameter represents the size of the 

powder or binder non-uniformity within the tested samples. To 

avoid inhomogeneities from local concentration imperfections, the 

EDX maps have been smoothed, when each pixel was considered as 

an average of (5 x 5) neighboring pixels. The whole process of 

quantitative analysis is visualized in Fig. 1. 

 

Fig. 1 Evaluation of powder/binder content based on SEM/EDX analysis3  

 

In the next step, the attention was given to both material and 

processing factors influencing the separation. First, the interactions 

among the polymers and fillers have been investigated using a 

unique method combining FTIR and calorimetry applied on the low 

molecular weight analogues4,5. Second, influence of the interactions 

of feedstocks to a mold surface has been considered6.  

According to the preliminary findings6, clearly not only the 

material composition of the processing tools (mold, flow channels) 

is of importance, but also their surface roughness. However, the 

complicating factor of its evaluation is a wear accompanying the 

molding, which makes the processing conditions unstable. The wear 

affects the roughness profile of mold cavities, and subsequently 

influences surface energy, and phase separation. Wear is also 

associated to a lifetime of molds and a cost of final products.  

In this paper we present the results of the flowability of various 

natural fiber reinforcing materials (called NFR) in a flow channels 

designed from different construction materials.  

2. Experimental 

2.1 Materials  

As testing materials the compounds with different filler type 

and content have been used. For thermoplastic matrices the most 

versatile polyolefin systems have been chosen, namely 

polypropylene (PP) and high-density polyethylene (HDPE). HDPE 

has been mixed with a disintegrated slate powder with fraction size 

lower than 0.4 mm and wood fibers, while PP compound contains 

talc powder.  

2.2 Processing Tools 

For the flowability tests of these NFR materials, the common 

mold designs with different coating have been used. Mold substrate 

was constructed from carbon tool steel 1.1730. This substrate 

material has been hardened and afterward immediately tempered to 

obtain hardness of 50 HRC. Subsequently, surface of the cavity has 

been coated with three different coatings: titanium diboride (TiB2), 

titanium carbonitride (TiCN) and amorphous hydrogenated carbon 

coating (a:C-H). Surface of the a:C-H coating has been grinded. 

Two variations of surface quality have been obtained - grinded and 

polished - for cavities with TiB2 and TiCN coatings. 

Table 1: Properties of the coatings 

 TiB2 TiCN a:C-H 

Microhardness HV 0.025 2500-3200 3000-4000 2000-4000 

Thickness [μm] 2-3 1-20 1-3 

Coefficient of friction 0.4-0.5 0.5-0.6 0.05-0.15 

 

Each coated mold insert with spiral cavity had a flat counterpart 

with the same coating and surface quality (Fig. 2). The width of 

flow domain was 6 mm and 1.3 mm in depth.  

  

Fig. 2 Coated spiral cavity insert and counterpart 
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The tests of the flowability have been done with injection 

molding machine Arburg 370 C. All compounds were processed 

with the same molding parameters, which are depicted in Table 2. 

 Table 2: Process parameters of injection molding 

Molding Parameter Value 

Injection pressure [bar] 1500 

Holding pressure [bar] 1200 

Holding time [s] 4 

Cycle time [s] 20 

Melt temperature [°C] 190 

Mold temperature [°C] 30 

 

3. Results 

Flowability of the tested NFR feedstocks varies with different 

coating systems. From Fig. 3 it can be seen that in case of TiB2 

coating, higher roughness of the mold surface negatively affects the 

flowability of all feedstocks. On the other hand, in terms of the 

flowability for TiCN surface, higher roughness of the grinded 

surface results in a better flow performance of the tested feedstocks. 

 

 

 

Fig. 3 Flowability results of different compounds and coatings 

 

As highly filled materials are injected into the mold, jetting flow 

may occur (Fig. 4). According to the spiral length of the wood fiber 

compound, the viscosity of system is much higher in comparison to 

mineral filled feedstocks. Jetting might be also problem of slip-stick 

effect due to its occurrence in polished cavities of TiCN and TiB2 

coatings. 

 

Fig. 4 Jetting phenomenon in polished cavities 

  

These findings should be taken into account, when simulating the 

molding; only then we can expect the enhancement in the efficiency 

of the processing of NFR materials. 
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