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Abstract: The material polyetherketoneketone (PEKK), belongs to the high-performance polymers family and has 
exceptional mechanical strength, thermal stability and chemical resistance. The material is used in the process of 
fused filament fabrication (FFF) and have been used in many applications for medical sector, automotive and 
aerospace. The scope of this study was to analyze the influence of the 3D printing parameters, the internal 
configuration type (honeycomb) and the infill density on the compressive strength of the 3D printed PEKK-SC 
specimens. Following the tests, it was concluded that the Fast Honeycomb pattern has higher compressive strength 
in comparation with the Full Honeycomb configuration. Infill density plays an important role when it comes to 3D 
printed products and the results related to this study suggests that the value of the compressive strength increases 
as the percentage of infill density goes up. The Shore D hardness of the material was determined and the 
microscopic analyze of FFF printed specimens was conducted as well.  
Keywords: PEKK filament, compression tests, 3D printing, microscopic analysis, hardness Shore D. 

 
1. INTRODUCTION  
 

Honeycomb configuration represents a 
structure similar to bee honeycomb, which has a 
hexagonal pattern, and have important 
applications related to the industry (aerospace, 
automotive, naval, constructions). Honeycomb 
configuration plays an important role when it 
comes to sandwich structures. It is one of the 
most important cellular cores. The honeycomb 
core can be manufactured from metallic 
materials, composites, aramids, plastics and 
presents the characteristics of low density, high 
rigidity, good stability, high energy absorption 
and high mechanical performances when 
compared with the foams [1, 2]. 

Honeycomb structures can be produced using 
classic procedures like expansion process and 
corrugated honeycomb manufacturing process 
[3, 4] or it can be produced using additive 
manufacturing [5, 6]. The additive manufacturing 
processes represents, in our days, one of the 
most common ways to obtain cellular structures, 
using materials like plastics, composites or even 

metals [7]. The additive manufacturing 
processes are diverse, fast and can use a wide 
range of materials (plastics, metals, ceramics, 
short fiber-reinforced composites, long fiber-
reinforced composites, high strength polymers), 
from which can result a prototype or a fully 
functional product.  

The honeycomb structure fabrication is well 
suited to the additive manufacturing process 
because the complex geometry models are made 
more cost-effective with a continuous 
improvement in the fabrication process in very 
short period of time due to the testing activities 
and topological optimizations of the model [8].  
The honeycomb configuration was recognized 
as one of the strongest structures in terms of 
mechanical strength [7, 9] and thus, most of the 
software systems dedicated to additive 
manufacturing preparations implemented this 
type of internal configuration [10], among other 
types of patterns specific to the 3D printing 
procedures (grid, triangle, cubic, zigzag, cross 
3D etc.). The major advantage of fused filament 
fabrication (FFF) is the capacity to produce 
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tridimensional cellular structures, with different 
internal configurations, in a short period of time 
whit the help of a digital model made beforehand 
[11].  

The development of cellular structures is a 
point of interest for both research an industry, so 
the honeycomb structures were modified, 
optimized and FEA analyzed in order to obtain 
high mechanical performances while being 
lightweight [12]. In this context [13], four 
structures (honeycomb, square honeycomb, 
quasi-square honeycomb, and re-entrant 
honeycomb) were 3D printed and tested to 
compression, thus resulting that the wall 
thickness, 3D printing sequence, geometry and 
the Poisson ratio of the cell have a significant 
impact on the mechanical performances. 
Previous studies on internal configuration for 3D 
printed specimens that were flexural, and 
compression tested, suggests that the 
honeycomb configuration have similar or better 
performances for compression tests [14] and 3 
points bending tests [15], compared to standard 
infill patterns.  

Another important parameter for the FFF 
process is infill density which is defined as 
quantity of 3D printed filament inside the model 
and has direct impact on the structural 
performances, mass and the amount of time 
needed for the part to be 3D printed [16]. 
Reports from several studies indicates that a 
higher infill density corresponds to a higher 
tensile [17], compression [18] and 3 point 
bending strength [19] for the 3D printed parts. 
For industrial applications which require 
dimensional stability at high temperatures, good 
chemical resistance and high mechanical 
performances in comparation to standard 
filaments, and which needs a good 
mass/resistance ratio, high performance 
polymers are recommended, materials like PEI, 
PEEK, PEEK-CF, PEKK, TPI, PA, PPSU [20]. 

Because high performance polymers were 
developed recently, most of the studies, [21, 22, 
23] focused on the defects analyses and the 
influence of 3D printing parameters on 
mechanical performances (tensile, compression, 
3 points bending). The scope of this study was to 
analyze the influence of internal configuration 
(honeycomb) and infill density on the 
compression characteristics of the parts 

manufactured through fused filament fabrication 
process using the filament PEKK-SC 
(PolyEtherKetoneKetone). 
 

2. MATERIALS AND METHODS 
  

Taking in consideration the D695-15 
standard [24], specific to plastic material testing, 
applied to the 3D printed parts, the specimens for 
plane strain compression tests analyzed in this 
study were designed using SolidWorks 2022 
software system. The cylindrical specimens 
tested for flatwise compression have the 
following characteristics: diameter 12.7 mm and 
a height of 25.4 mm (Figure 1). 
  

 
Fig. 1. The CAD model of the compression  

tested specimen. 
 
In this study, the compression tested 

specimens, with honeycomb configuration, were 
produced using the FFF process with the 
MiniFactory Ultra 3D printing system, using 
Kimya PEKK-SC filament (Figure 2).  

 

 
Fig. 2. The compression specimens manufactured with 

MiniFactory Ultra system. 
 
The PEKK-SC filament [25] is a semi-

crystalline thermoplastic polymer which has: 
heigh temperature resistance (up to 260 °C), 
excellent mechanical properties, certified for the 
aerospace domain FAR 25.853. The properties 
and the mechanical performances of PEKK-SC 
filament [25], were presented in Table 1 and 
Table 2. 
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Table 1 

PEKK-SC filament properties [25]. 

Properties Test methods  Values 

Diameter  INS-6712 1.75 mm 

Density ISO 1183-1 1.27 g/cm3 

Moisture rate  INS-6711  < 1 % 

Heat distortion 
temperature 
(HDT) (1.8 

MPa) 

ISO 75f 172°C 

Glass Transition 
temperature  

(Tg) 

ISO 11357-1 DSC 
(10°C/min - 20-410 

°C) 

161 °C 

Melting 
Temperature 

(Tm) 

ISO 11357-1 DSC 
(10 °C/min – 20-410 

°C) 

332 °C 

 
Table 2 

The mechanical properties of the 3D printed parts 

from PEKK-SC filament [25]. 

Properties Test 
methods 

XZ 
direction 

 ZX 
direction 

Tensile 
strength 

ISO 527 64.1 MPa 32.4 MPa 

Tensile 
modulus 

ISO 527 2.448 GPa 2.784 GPa 

Flexural 
strength 

ISO 178 79.3 MPa 61.6 MPa 

Flexural 
modulus 

ISO 178 1.918 GPa 1.705 GPa 

Charpy impact 
resistance 

ISO 179 5.35 kJ/m² 1.9 kJ/m² 

 
The manufacturing parameters of the 

compression specimens, produced with FFF 
process, was presented Tabel 3. 

Table 3 
The manufacturing parameters of the FFF process 

for the compression-tested specimens made from 

PEKK-SC filament. 

FFF parameters Value 

Layer height  0.25 mm 

Top/ Bottom solid layers 5 

Outline perimeters 3 

Infill density 25%, 50%, 75%, 100% 

Internal infill pattern Full Honeycomb, Fast 
Honeycomb 

Extrusion temperature  375°C 

Heated bed 160°C 

Heated chamber 150°C 

Printing speed 50 mm/sec 

 

The preparation for the 3D printing process 
of the specimens was carried out using the 
Simplify3D 5.1.1 software. To determine the 
compressive performance of the 3D-printed 
parts, made from PEKK-SC, the infill 
configuration (Full Honeycomb and Fast 
Honeycomb) and the infill density (25%, 50%, 
75%, 100%) were varied. 

Using Simplify3D software, the parts were 
manufactured in three steps: in the first step 
(Figure 3), parts with the Full Honeycomb infill 
pattern were printed at three different infill 
densities (25%, 50%, 75%); in the second step 
(Figure 4), parts with the Fast Honeycomb infill 
pattern were printed at the same three infill 
densities (25%, 50%, 75%); and in the final step, 
the parts with 100% infill density were 
produced. 

    

 
Fig. 3. The 3D printed parts with the Full Honeycomb 

configuration at different infill densities. 
 

 
Fig. 4. The 3D printed parts with the Fast Honeycomb 

configuration at different infill densities. 
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The compression testes of the specimens 
were carried out using the WDW-150S testing 
machine, with a crosshead speed of 10 mm/min 
(Figure 5). For the compression tests, five 
specimens were manufactured for each of the 
two internal configurations (Full Honeycomb 
and Fast Honeycomb) at three infill densities 
(25%, 50%, 75%), resulting in a total of 30 
specimens. Additionally, the last type of 3D 
printed specimens was produced with a 100% 
infill density. 

 

 
Fig. 5. Compression test for the specimen manufactured 

using the FFF process. 
 

To determine the hardness, seven 
measurements were performed for each 
specimen using the Shore D durometer (Figure 
6). The hardness value was determined in seven 
points following the path described in Figure 7. 

 

 
 

Fig. 6. The Shore D durometer used for the hardness 
testing of the 3D printed parts. 

 
For microscopic analysis and hardness tests 

(Figure 7), the specimens were cut in a vertical 
section (parallel to the build direction) and a 

horizontal section (perpendicular to the build 
direction). 

 
Fig. 7. The sectioning method of 3D printed parts for 

microscopic analysis and hardness determination. 
 

 The 3D printed samples were embedded in 
epoxy resin and polished with abrasive paper 
(Figure 7) of progressively finer grit size (600, 
1200, 1500, 2000, and 2500) using the Buehler 
Phoenix Beta Grinder equipment (Figure 8). 
Finally, they were polished on alumina felt. 

 

 
Fig. 8. The sample preparation equipment for the 

analysis of 3D printed parts. 
 

The microscopic analysis of the 3D printed 
parts was performed using the Leica Emspira 3 
optical microscope (Figure 9). 
 

 
Fig. 9. The optical microscope used for the microscopic 

analysis of 3D printed parts. 
 

3. RESULTS AND DISCUSSIONS 

 
3.1 The compression tests of 3D printed 

specimens 
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Compression tests are used to determine the 
compressive performance: compressive 
strength, compressive modulus of elasticity, and 
Stress-Strain curves of 3D printed PEKK-SC 
parts. 

In this study, five specimens with a 
honeycomb pattern (Fast Honeycomb - hereafter 
referred to as H-Fast-Infill density, and Full 
Honeycomb - hereafter referred to as H-Full-
Infill density), manufactured thru FFF process, 
were flatwise compression tested. Using the 
WDW-150S testing machine and its integrated 
software system, the Stress-Strain curves and the 
mechanical properties (compressive strength 
and compressive modulus of elasticity) of the 
3D printed PEKK-SC parts were determined 
(Figure 10). 

The compressive mechanical performances 
of the 3D printed parts were analyzed from two 
perspectives: infill density (varying from 25%, 
50%, 75%, to 100%) and infill configuration 
(Full Honeycomb and Fast Honeycomb). For the 
3D printed PEKK-SC specimens, the mean 
values of compressive strength and compressive 
modulus of elasticity were determined based on 
the performed tests (5 at number). From Figure 
10, it can be observed that, in terms of internal 
configuration, the compression test results 
indicates that the Fast Honeycomb structure 
exhibits higher performance by a boundary of 
2% to 4% (for the 75% infill density) compared 
to the Full Honeycomb structure. 

This difference between the two internal 
configurations can primarily be attributed to the 
higher density of the hexagon-type topologies in 
the Fast Honeycomb configuration. In addition, 
the second contributing factor is the layer 
deposition pattern, which ensures a better 
coverage of the entire infill area of the 
cylindrical specimens (Figure 4). 

For the Full Honeycomb pattern, the average 
compressive strength values range from 49 MPa 
(Full Honeycomb - 25% infill density) to 68.3 
MPa (Full Honeycomb - 75% infill density). For 
the Fast Honeycomb configuration, the 
compressive strength varies between 49.8 MPa 
(Fast Honeycomb - 25% infill density) and 71.5 
MPa (Fast Honeycomb - 75% infill density). The 
average value of the modulus of elasticity for 
both internal configurations maintained 

approximately the same differences as those 
observed in compressive strength. 

Analyzing the results in terms of infill 
density, it can be stated that infill density 
significantly influences the compressive 
behavior of parts manufactured using the FFF 
process. The specimens manufactured using the 
FFF process with the lowest infill density (25%) 
failed under the lowest applied load 
(approximately 6 kN), consequently exhibiting 
the lowest compressive strength of 49 MPa 
(Figure 10). 

Doubling the infill density to 50% led to a 
25% increase in compressive strength for 
specimens with both internal configurations. 
Increasing the infill density to 75% resulted in a 
44% higher compressive strength compared to 
the specimens with a 25% infill density and a 
15% increase compared to those with a 50% 
infill density. As was expected, the 3D printed 
PEKK-SC specimens with 100% infill density 
withstand the highest compressive force (13.5 
kN), exhibiting a maximum compressive 
strength of 109 MPa. 

   

 
Fig. 10. The results of the compression tests for 3D 

printed PEKK-SC parts. 
 

The compressive strength of specimens with 
100% infill density is 118% higher compared to 
those with 25% infill density, a fact that has been 
highlighted in other studies as well [26, 27]. 
However, the 3D printing with 100% infill 
density also has disadvantages [28, 29]: high 
consumption of extruded material, increased 
costs of printed parts, especially when using 
high-performance polymer filaments, longer 
manufacturing time, and increased part weight.  

The behavior of the specimens, in terms of 
the Stress-Strain relationship (Figure 11), for the 
Full Honeycomb pattern (with three different 
infill densities) and the 100% infill density 
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specimens tested for compression, indicates a 
linear Stress-Strain relationship followed by a 
decrease in compressive strength at the failure 
point of the 3D printed parts. 

The plastic deformation of the 3D printed 
specimens with a 25% infill density was the 
longest, whereas the specimens with a 100% 
infill density exhibited the shortest plastic 
deformation. Lower-density parts deform more 
easily under compressive loads, while higher-
density parts are more resistant [30,31] and 
exhibit lower deformations (Figure 11).  

 

 
Fig. 11. Stress-Strain curves for 3D printed parts with the 

Full Honeycomb configuration at different infill 
densities. 

 
For the 3D printed specimens with the Fast 

Honeycomb configuration, the elastic 
deformation interval was identified, where stress 
increased with strain. In the plastic deformation 
stage, after reaching the maximum compressive 
strength, stress either decreased or fluctuated 
slightly as strain increased (Figure 12). 
 

 
Fig. 12. Stress–Strain curves for 3D printed parts with 
the Fast Honeycomb configuration at different infill 

densities. 

 
 The main statistical indicators of the 
specimens manufactured using the FFF process 
from PEKK-SC filament were determined for 
the 35 specimens tested for compression.  

Table 4 
Statistical indicators determined from the 

compression tests of 3D printed parts – compressive 

strength [MPa]. 

Specimen type Mean 

 

Standard 
deviation 

Coefficient 
of variation 

H-Fast-25% - 
Compressive 

Strength [MPa] 
49.8 1.1 2.2 

H-Fast - 50% - 
Compressive 

Strength [MPa] 
62.3 1.5 2.4 

H-Fast - 75% - 
Compressive 

Strength [MPa] 
71.5 1.5 2.1 

H- Full - 25%- 
Compressive 

Strength [MPa] 
49 1.22 2.5 

H- Full - 50% - 
Compressive 

Strength [MPa] 
61.5 1.14 1.85 

H- Full - 75% - 
Compressive 

Strength [MPa] 
68.3 1.14 1.67 

Solid 100% - 
Compressive 

Strength [MPa] 
109 1.58 1.45 

 
 

The statistical indicators (mean, standard 
deviation, and the coefficient of variation) were 
determined for the 3D printed PEKK-SC parts 
manufactured using the FFF process. These 
indicators were calculated for the two internal 
configurations (Full Honeycomb and Fast 
Honeycomb) and the four infill density types 
(25%, 50%, 75%, 100%), following the 
statistical relationships outlined in the D695-15 
standard for each data series (compressive 
strength and compressive modulus). 

In the analysis of compressive strength, when 
the coefficient of variation (CV) is close to zero 
(CV < 30%), the data obtained from 
compression testing (the coefficient of variation 
value ranges between 1.67% and 2.5%) are 
considered homogeneous and the calculated 
mean is representative [32] for these datasets 
(Table 4). The coefficient of variation provides 
a clear indication of the homogeneity of the 
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obtained data from the compression tests of 3D 
printed parts. 

As shown in Table 5, the coefficient of 
variation [33] ranges from 0.67% to 2.82% 
(compressive modulus of elasticity). Therefore, 
it can be concluded that the mean values are 
representative of all seven data sets obtained 
from the compression tests. 

Table 5 
Statistical indicators determined from the 

compression tests of 3D printed parts - compressive 

modulus of elasticity [GPa]. 

Specimen type Mean Standard 
deviation 

Coefficient 
of variation 

H-Fast - 25% - 
Compressive 

Modulus [GPa] 
0.99 0.02 2.08 

H-Fast - 50%- 
Compressive 

Modulus [GPa] 
1.13 0.02 1.98 

H-Fast - 75% - 
Compressive 

Modulus [GPa] 
1.33 0.01 0.67 

H- Full - 25% - 
Compressive 

Modulus [GPa] 
0.98 0.03 2.82 

H- Full - 50% - 
Compressive 

Modulus [GPa] 
1.09 0.02 1.59 

H- Full - 75%- 
Compressive 

Modulus [GPa] 
1.23 0.02 1.78 

Solid 100% - 
Compressive 

Modulus [GPa] 
2.04 0.03 1.23 

 

3.2 The hardness tests of 3D printed parts  
 Shore hardness is used to evaluate the 
hardness of various materials, serving as a 
critical factor in determining if a material is 
suitable for practical applications, recently 
studied for 3D printed materials as well [34, 35]. 
For the hardness test of 3D-printed parts, four 
surfaces were examined according to Figure 7 
(top surface, bottom surface, side surface, 
central line). Using a durometer, seven 
measurements were performed on each of the 
four surfaces of 3D printed parts with 100% 
infill density, and the average Shore hardness 
values were presented in Figure 13. The 
measurements revealed that the central line 
exhibited the highest hardness value (86.1 D), 
while the hardness values varied between the 
upper and lower surfaces of the 3D-printed parts 

(Figure 13). A possible explanation for the 
higher hardness on the lower surface could be 
attributed to the repeated heating cycles of the 
extruded layers, as well as the constant build 
platform temperature (160 °C), to which the 
lower region was exposed during the FFF 
process. 
 

 
Fig. 13. Hardness measurements of 3D printed parts. 

 

3.3 Microscopic analysis of 3D printed parts  
For the compression tested specimens, 

similar failure patterns were identified, 
exhibiting local buckling of the outer walls, 
along with densification of the extruded material 
layers, which contributes to the barreling effect 
of the parts. 

The barreling effect causes deformation of 
the tested specimen (Figure 14) under an axial 
compressive force and is associated with the 
phenomenon of local buckling. 
 

 
Fig. 14. Local buckling of outer surfaces after 

compression tests. 
  

 Regarding the vertical section (Figure 15), 
typical 3D printing defects [36], such as 
triangular voids, were observed, especially in the 
three outer walls of the parts. In the horizontal 
section (Figure 16), the three walls and a 
homogeneous infill with minimal defects can be 
seen in the 3D printed PEKK-SC parts. 
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Fig. 15. Triangular voids in the Vertical Section of 3D 

Printed Parts. 
 

 
Fig. 16. Horizontal Section of 3D Printed Parts. 

 

4. CONCLUSION  
 

 The fused filament fabrication (FFF) process 
enables the production of adjacent hexagonal 
cells at low costs, in a short period of time by 
utilizing the infill density parameter. The 
analysis conducted in this study leads to the 
following conclusions: 
•  The Fast Honeycomb internal configuration 

exhibited 2%-4% higher compressive 
strength compared to the Full Honeycomb 
configuration; 

• Compressive strength increases 
proportionally with the infill density of 3D 
printed parts; 

• The mean compressive strength of a 3D 
printed part made from PEKK-SC filament 
with 100% infill density was 109 MPa; 

• The mean maximum Shore D hardness for 
specimens with 100% infill density was 86.1; 

• The hardness showed higher values in the 
lower part of the part, closer to the 3D 
printing platform; 

• The specimens exhibited common 3D 
printing defects, such as triangular voids and 
gaps between extruded layers of material. 
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Efectul parametrilor de proces asupra comportamentului de compresiune al pieselor din 

PEKK realizate prin fabricație aditivă cu extrudare de material 
 

Materialul Polietercetonecetona (PEKK), face parte din familia polimerilor de înaltă rezistență având performanțe 
mecanice, termice și chimice excepționale și este utilizat în procedeul de fabricație cu filament fuzibil (FFF), având 
aplicații avansate în domeniul aviației, auto și medical. În cadrul acestui studiu s-a analizat influența parametrilor de 
fabricație, configurația internă de tip honeycomb și densitatea de umplere, asupra performanțelor la compresiune a 
specimenelor printate 3D din filamentul PEKK. În urma testelor la compresiune s-a evidențiat că tipul de configurație 
internă Fast Honeycomb a prezentat proprietăți la compresiune superioare în comparație cu configurația Full 
Honeycomb. Densitate de umplere joacă un rol important în printarea 3D a produselor, iar rezultatele acestui studiu au 
indicat o creștere a rezistenței la compresiune odată cu creșterea densității de umplere. De asemenea, s-a determinat 
duritate Shore D și au fost analizate microscopic specimenelor fabricate prin procedeul FFF. 
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