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Dear Editor,  

 

The authors would like to submit for review and publication to the Materials and Design 

Journal, the article entitled “High Temperature Laser Sintering (HT-LS): An investigation into 

mechanical properties and shrinkage characteristics of Poly Ether Ketone (PEK) structures”  
 

This study reports on the mechanical strength and shrinkage of PEK parts built in X, Y and Z 

directions, using a bespoke high temperature selective laser sintering system EOSINT P800 

using polyether ketones.  The paper identifies also a 6% difference in crystallinity between the 

core and surface of the manufactured parts which relates to the colour changes noticed and it is 

believed to be the result of a thermo-oxidative effect.  

 

The paper is original, unpublished and is not being considered for publication elsewhere. 
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Abstract 
This paper presents an investigation into the properties of Poly Ether Ketone (PEK) 

components using the commercial high temperature laser sintering system, EOSINT P800.  

The shrinkage and the mechanical performance of components across the entire build 

chamber have been tested and a non-linear shrinkage profile has been obtained.  The middle 

of the build chamber recorded the highest degree of shrinkage and the shrinkage in Z 

direction had the largest variation. The laser sintered components built in X and Y directions 

recorded a 10% lower tensile strength than the injection moulded samples of the same 

material where those built in the Z direction showed an approximately 50% decrease in 

strength in comparison with the injection moulded test specimens.  The crystallinity between 

the skin and the core of the sintered samples was different; varied with the position within the 

build chamber and coincided with noticeable sample colour changes.   
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1. Introduction  
The Additive Manufacturing (AM) field has grown rapidly since its inception over two 

decades ago. The technological advances made in this field are pushing its application from 

prototype building to production of real parts. AM processes are now increasingly used by 

manufacturers especially for custom and short-run part production [1].  AM technologies 

offer many significant advantages when compared to traditional manufacturing methods such 

as the ability to produce complex freeform shapes, individually customised parts and 

significant reductions in material waste. Many of the polymeric materials available today on 

the market have reached their peak when it comes to possible applications and improved 

performance.  The low glass transition temperature and melting temperature of most 

thermoplastic is a major limiting factor, which cannot be overcome by the addition of various 

reinforcements such as glass bead particulates [2], multi wall carbon nanotubes (MWCNTs) 

[3], silicon carbide [4], or aluminium [5].  Several attempts to use new, high temperature and 

high performance polymers have been tried in the past, with some degree of success.  Most 

studies have focused on the process and equipment rather than the material and parts 

properties. The importance of a stable preheating temperature of 343 – 357°C has been 

highlighted by some of these studies [6], [7] as the equipment employed originated from a 

standard, low temperature, polyamide system and could not provide or maintain the high 

temperatures required for good sintering of PEEK.   

Pohle et al., [6] decided to laser sinter PEEK by modifying an EOSINT P380 and application 

of a subsystem (“heating dome”) able to preheat well the newly applied PEEK powder layers.  

The study did not comment on the new laser sintering process or the mechanical performance 

of the parts, focusing entirely on the cell vitality and proliferation.   

Schmidt et al., [7] concluded that although the process is controllable within a wide range of 

laser energy applied, the preheating temperature range is rather small and the system requires 

a good protection of the hardware and good stability of the preheating temperature.   

Tan et al., [8], investigated the quality of the PEEK-hydroxyapatite (HA) structures, using 

two bed temperatures (110 and 140°C) and a wide range of laser powers (9 to 28W) in a 

commercial laser sintering system.  The authors noticed that higher bed temperature improves 

the quality of the sintering process, although delamination seems to affect many of the 

samples.  Higher laser powers increased the degree of melting but the samples built at top 

laser power (28W) appeared charred.  In order to achieve good integrity of the part it was 

proposed that the composition of PEEK-HA should be kept at 40% HA and sintered at 140°C 

bed temperature and 16W laser power.  
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Only one previous study [10] carried out by our group, focused on the physico-chemical 

behaviour of the material in high temperature laser sintering using the EOSINT P800 system 

[11].  Virgin and used HP3 PEK powders were thoroughly investigated in relation with the 

high temperature laser sintering process, the mechanical performance of HT-LS PEK parts 

was analysed as well as the levels of HP3 PEK powder reuse.   

The poly-aryl-ether-ketone (PAEK) polymer family possesses excellent material properties 

including high stiffness and tensile strength, low weight, chemical and flame resistance and 

bio-compatibility, therefore making this range of polymers and their composites ideal for 

automotive, aerospace and medical applications.   Traditional materials such as titanium and 

ceramics are being replaced by implantable PEEK polymer in a wide variety of components 

spinal fusion, hip replacement, cranio-facial and dental implants [12].  Use of PEEK polymer 

for metal replacement parts in the automotive industry and space applications, is becoming 

increasingly popular [13].  The high temperature stability and high continuous service 

temperature makes PEEK and their composites attractive bearing materials for wear 

applications [14].   

The high temperature polymers are traditionally processed using extruders, injection 

moulding and compression moulding machines that operate at a temperature range of 371-

400°C [15]. Conventional manufacturing techniques are normally suitable and economical 

for mass production purposes where the component design is relatively simple and can be 

accommodated by the injection moulding or compression moulding tool complexity.  

However, additive manufacturing technologies provide a degree of design freedom with the 

possibility of significant component weight reduction that is a key requirement for almost any 

new automotive or aerospace component.   AM also enables the manufacturing of 

individually customized parts such as medical implants that would be both prohibitively 

expensive and time consuming using standard techniques.  The combination of material 

properties and design freedom given by laser sintering makes this study highly interesting 

and inciting as it opens opportunities for new lightweight structures with complex designs.  

Currently, polymers that can be processed at lower temperatures (less than 200°C) such as 

polyamide are widely used for the laser sintering purposes. A great deal of research has been 

conducted to examine the effects of the processing parameters of laser sintering on the 

resulting part properties of the polyamide parts including investigations into mechanical 

anisotropy due to part orientation and positioning [16], [17], 18], inconsistencies in the part 

properties due to the uneven thermal distribution in the build chamber [19], [20], and non-

uniform shrinkage characteristics [21], [22]. For example, Gibson and Shi, [16], clearly 
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showed through experimental data that material properties (such as glass transition 

temperature and melting temperatures of powders and powder blends) are key factors in 

defining fabrication parameters and influence strongly the mechanical properties of laser 

sintered components.  In addition to the materials properties and processing parameters, 

Gibson and Shi concluded also that orientation and build height levels can influence the 

mechanical properties of parts.   

The use of a thermal imaging system by Wegner and Witt, [19], provided valuable insights 

into the temperature distribution during parts manufacturing which should be further explored 

to understand the relationship between material properties, part properties and processing 

parameters.  The measurement of the melt temperature with identification of a sharp border 

between the molten area and the surrounding, un-molten powder is an important detail when 

trying to understand the shrinkage, crystallinity and mechanical properties of the laser 

sintered parts.   

Soe et al., 2013, [22], carried out a thorough investigation of the shrinkage profile of test 

specimens and parts build in an EOS P700 system in Z direction.  Clear trends were noticed 

and discussed in relation with the build height, size of the parts and repeat builds.   

As a result of continued process improvements, some of the resulting mechanical properties 

of the laser sintered polyamide parts such tensile strength and modulus of elasticity are now 

comparable to injection moulded parts [23].  Some of these learnings will be transferable to 

the high temperature laser sintering systems.   

The EOSINT P800 high temperature laser sintering system is capable of processing up to a 

temperature of 385 °C using EOS HP3 PEK (polyether ketone) material.  Although the 

system has been available for few years, very little research has been carried out to map the 

EOSINT P800 system, and understand the effects of the high temperature laser sintering 

process on the resulting part properties [10], [24]. The objective of this research work is to 

investigate the HT-LS process using HP3 PEK powder with an aim to highlight the 

mechanical properties and shrinkage characteristics of the sintered parts.  

 

2. Manufacturing of samples 

2.1 Material 

The material used for investigation is virgin EOS HP3 PEK powder [25].  Particle size 

analysis of the HP3 PEK powder has been presented elsewhere [10].  The powder particle 

distribution was as expected for laser sintering powders varying between 1 and 125µm with 
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the highest frequency between 37.5 and 63µm.  Previous thermal studies of HP3 PEK powder 

[10] identified two melting peaks at 323.6°C and 372.5°C and 41.6% crystallinity, based on 

differential scanning calorimetry (DSC) measurements.   

2.2 Design of build configuration 

The goal of the test build was to provide data on key mechanical properties and dimensional 

variation in X Y and Z direction.  The geometries chosen to form the build configuration 

were the ISO standard test sample geometries [26] for tensile testing. The bed had a 

maximum build volume of 700 mm × 380 mm × 580 mm. 

Insert Figure 1 

Figure 1 shows the distribution of the samples within the build chamber. A total of 162 

specimens were built and tested.  The samples were evenly distributed though out the three 

dimensional build area. This was motivated by the desire to evaluate variations of across the 

entire build chamber.  In order to investigate further the shrinkage profile across the depth of 

the bed, samples in X direction were built at four depth levels: Z = 22, 54, 84 and 116 mm 

and in Y direction at two depth levels: Z=11 and 42 mm.  In both cases, Z=0 mm represents 

the bottom of the build chamber.  

Each sample was labelled with a unique code to identify it after removal from the powder bed 

once complete. This process is preferable to labelling the samples after part removal and 

reduces the risk of error.  

The rear, right quarter of the available 3 dimensional build envelope was not used for 

building specimens as it is expected that there is symmetry within the build chamber in terms 

of thermal gradients and behaviour and therefore the samples built within the three quarters 

of the build chamber will suffice to provide a clear overview of the full build chamber 

profile.   

The configuration of the build set-up was created using Materialise Magics RP v16 software. 

This is one of the most widely used software packages used in the additive manufacturing 

industry to manipulate STL files into grouped build configurations. The EOSINT P800 uses 

.SLI files to created 3 dimensional components directly from CAD data. The group of .STL 

files was sliced into 120µm layers using the standard EOS method and software [25]. 

2.3 EOS scaling components used for calculating shrinkage in the XY direction 
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The common method for addressing shrinkage in Laser Sintering is to apply a percentage 

increase in the X, Y and Z dimensions of the STL models prior to laser sintering. The method 

of calculating the correct values for xyz shrinkage compensation requires the laser sintering 

of test samples with no shrinkage compensation which are then analysed for dimensional 

accuracy against the original CAD model dimensions. 

This method is commonly used by service engineers during system commissioning, and 

components manufactured by laser sintering are routinely measured against the original CAD 

data to monitor consistency and quality. This method can be used either by manually 

applying scaling factors to the component STL files during the job preparation, or by using a 

material dependent scaling factor set in the control software of the EOS laser sintering 

system, PSW3.5 

The shrinkage compensation value calculated using the method described above was applied 

in MagicsRP to enable specific part placement and part collision avoidance. When applying a 

scaling factor to an STL model using MagicsRP, the change is applied from the geometric 

centre of the CAD model.  When a scaling factor is applied as a material specific value in the 

EOS PSW control software, the change is applied from the software defined origin.  Using 

PSW applied shrinkage compensation can lead to geometries overlapping in the build 

configuration, unless each layer of the build process is visually checked in the PSW software. 

This can ultimately result in co-joined components. For the purpose of this test procedure, 

applying the shrinkage compensation in MagicsRP allowed for the automatic collision 

detection function to be employed.  The positional information of each component can also 

be exported from MagicsRP to allow accurate analysis of a large number of samples. The 

pre-applied scaling increase was set up at 4.95% in X direction, 5.07% in the Y direction and 

4.5% in the Z direction.   

2.4 Temperature calibration 

The EOS P800 process chamber temperature is controlled through four infrared heating 

elements mounted at the upper front, back, left and right areas respectively. Temperature 

feedback is provided by a pyrometer that reads the powder surface temperature in the process 

chamber. 

The removable frame temperature and building platform temperature are controlled by 

heating elements built into the removable frame. These are controlled independently of the 
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process chamber and are typically set at a lower temperature than the processing temperature 

in the laser sintering process. 

Calibration of the heating of the process chamber is required to ensure uniform heating across 

the whole powder bed. It is already established that the power of the lamps and their 

positioning has a direct effect on the temperature uniformity of the powder bed surface [22].  

The current method of calibration requires manual observation of the surface during the laser 

sintering of test crosses distributed across the build chamber. Typically the process chamber 

temperature is set to 10 °C below the manufacturers guidelines at the start of the calibration 

process. Once the layer upon which the test geometries is reached, the build process is paused 

after each layer. The freshly sintered cross sections show evidence of curling upwards when 

the powder bed temperature is too low. By incremental increases in the process temperature 

in between layers, the lower process temperature can be established. Observation of the test 

crosses also identifies colder zones in the process chamber, which can be compensated for by 

changes to the infrared heater configuration. 

Once the lower processing temperature for successful laser sintering has been established, the 

temperature is further increased incrementally until visible discolouration of the powder bed 

is noted. This indicates that the upper processing temperature has been reached. The process 

temperature is then incrementally decreased until 9 °C below this point [22, 25]. An 

additional calibration procedure employed by EOS involves the use of an inline pyroscan 

device to scan the surface temperature of the powder bed. Variations in temperature are 

visible as different coloured regions in the pyroscan output images. Currently, the pyroscan 

hardware is not suitable for use with the elevated temperatures of the EOSINT P800. 

The process chamber temperature was 365 °C, the build platform temperature was set up at 

340°C and removable frame temperature was 345 °C.   

2.5 Exposure settings and set up temperatures  

The system manufacturer EOS has developed a new staged warm up phase of the automatic 

job start building process, to ensure a stable building process. The warm up cycle increases 

the temperatures in the process chamber and removable frame incrementally, allowing for 

temperatures to stabilise at each set point. During the automatic warm up phase, the recoating 

mechanism spreads several layers of new powder across the build chamber as the mechanism 

is moved from side to side. The operator can also specify a number of additional layers 
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before the building process commences. In this case, the removable frame upper position was 

set to 2.5 mm below the building plane and the automatic warm up process typically added 

1.5 mm of powder.  

The exposure strategy employed had a pre-contour of 8.5 W at 1000 mm x s-1 and an 

alternating hatch pattern of 15 W at 2550 mm x s-1 with a beam offset of 0.16 mm, and a 

hatching distance of 0.2 mm.  The part exposure strategy across the build chamber was 

established by the PSW software replicating a non-structured part manufacturing setup, 

whereby the exposure order is not re-ordered after loading into the PSW software. The 

exposure strategies used were provided by EOS based on their internal optimisation process.    

The post sintering was set to 12 seconds duration after exposure, as specified by EOS in the 

P800 operational manual [25].  The post sintering stage allows “the sintered powder grains to 

flow to form a homogeneous molten film” [25].  The energy applied during the standard 

sintering process may be insufficient to form a homogenous molten film with the material 

EOS PEEK HP3, hence the post sintering time at build temperature. 

During the building process, the maximum layer time did not exceed the EOS recommended 

90 second layer time [25].  The P800 standard cooling phase was used with 36h of nitrogen 

purge. The build chamber was allowed to cool down to room temperature before removal 

from the P800 and the build chamber transferred to the breakout station.  The parts were 

manually removed from build chamber in a standard operating procedure and the samples 

stored at room temperature prior to testing. 

3. Manufacturing of Injection moulding samples  

The material used for injection moulding was VICTREX® HT G22, PEK injection moulding 

grade. HT G22, represents the PEK equivalent for injection moulding.  PEK pellets were 

dried for 5 hours at 120 °C.  Dog bone samples were manufactured as per manufacturer 

specifications.  The nozzle temperature was 400 °C, injection hydraulic pressure was 900 

bars for 2 seconds, the holding hydraulic pressure was 900 bars;   injection speed was 60 cm3 

x s-1 and cooling time was 15 seconds.   

 

4. Experimental Methods 

4.1 Shrinkage measurements  
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All 162 samples were measured along their length with a Mitutoyo digimatic calliper in the 

X, Y or Z direction to find variation in shrinkage across the build bed. The tensile test 

specimens were built at 150 mm length.  The shrinkage values were calculated using equation 

1: 

% shrinkage = ((Sample length – Model length) / Model length) x 100           (1) 

The calculated values were used to create a robust shrinkage map across the build bed.   

Injection moulded samples were not measured as the main interest in this study was to 

determine the shrinkage variation in the HT-LS process across the X, Y and Z directions.   

4.2 Tensile testing  

Tensile testing of the 162 sintered ISO 527-2-1A geometries [26] was carried out using a 

LLOYD instruments EZ20 mechanical testing machine at ambient temperature (20°C).  

Testing speed for all samples was 10 mm x min-1 breaking speed and gauge length 30 mm.  

48 samples were tested for the X direction, 24 for Y direction and 90 samples in the Z 

direction. 20 injection moulded samples (40 x 5.5 x 2.0 mm) with a 25 mm gauge length were 

tested in a similar manner.   

4.3. Colour observations  

It was noticed that depending on the position of the samples in the build chamber the parts 

experience a significant change in colour.  Optical images were taken using a Sony camera.  

Six samples were taken from Z direction located in the centre, X axis edge and Y axis edge of 

the build chamber as shown in figure 2. The two ends of the dog bone samples, with larger 

areas and often different surface colours had been used for analysis. All samples were 

polished on one side of the samples to expose the core area and to allow the analysis of the 

core of the sample.  The surface of the selected samples was also analysed. Measurements 

from the surface of the specimens will be referred to as samples 1S to 6S; and measurements 

taken from the core of the sample will be referred to as samples 1C to 6C.  

Insert Figure 2 

4.4 X Ray Diffraction measurements  

The samples selected in figure 2, had been further investigated using X-Ray diffraction.   The 

technique measured the crystallinity changes incurred across the sample and identified any 
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correlation with the colour differences.  X-ray diffraction analysis (XRD) was performed on 

the sintered parts directly using a Bruker D8 Advance X-Ray Diffractometer with a LynxEye 

detector, operating at 40kV voltage and 40mA current using CuKα radiation (λ=0.1542nm) in 

the 2θ= 5°-50° range in 0.05° increments.   

4.5 Thermogravimetric Analysis (TGA)  

The darker skin was separated (“shaved off”) from the core of a sintered sample and its 

degradation behaviour has been investigated using a Mettler-Toledo TGA/DSC 1 system 

(LF1100 furnace type) equipped with a UMX5 balance.  A blank calibration test was carried 

out prior to testing the sample.  The samples were heated from 30 to 680 °C at 10 °C x min-1. 

Following the same procedure as for the skin sample, core samples were also tested.   

5. Results and discussion 

5.1. Shrinkage measurements 

Figure 3 shows sample average shrinkage for X, Y and Z directions across entire build 

chamber. It can be seen that the mean values for all three directions are lower than the model 

value of 150mm indicating that the correction shrinkage factor applied was underestimated.  

The largest variation in length was found in the Z samples. Figure 4 shows the Z shrinkage 

variation as a robust shrinkage map for samples across the entire bed.   

For clarity, figure 4 presents the dimensional changes uncorrected (without application of the 

Z correction factor).  Sample shrinkage can be seen to be largest in the centre and lowest 

around the outer walls of the build chamber, with a variation of 2.5% across the entire build 

chamber. Considering that the 4.5% is the pre-scaling factor applied for this build, the data 

plotted in figure 4 shows that the middle region of the build requires application of a higher 

pre-scaling factor, as currently, the parts are shrinking an extra 1.5%, where the edge samples 

are approximately 1% larger than they should be.   Higher shrinkage means larger changes in 

the specific volume of the material as a function of processing temperature.  In this case, the 

bed build temperature has a significant role in the shrinkage behaviour, the system building 

up higher thermal energy in the middle of the bed than on the edges.  The region mapped in 

figure 4 represents approximately a quarter of the total build volume in Z direction.  It is 

envisaged that the thermal variation will continue further within the depth of the bed, the 

thermal gradient possibly being the largest in the middle of the bed based on the additional X 

and Y maps produced at different Z depth.   
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Figure 5 and figure 6 show the shrinkage maps of the samples build in X and Y directions at 

different depth levels.  Similar to figure 4, figure 5 and figure 6 presents the dimensional 

changes uncorrected (without application of the X and Y correction factors).  The number of 

X and Y samples for each layer was relatively small in comparison with the samples built in 

the Z direction. Due to the process constrains (minimum space required between samples) 

and the design requirements for such a large build (presence of samples in all three directions 

uniformly distributed across entire bed chamber) it was not possible to accommodate larger 

number of samples at the selected depth levels.   

In addition to the high thermal energy concentration noticed in the middle of the bed in 

relation to the X and Y coordinates, a higher shrinkage effect equivalent to a high thermal 

energy is noticed also across the depth of the bed at approximately 80-90mm from the bottom 

of the bed (see figure 5).  As it can be also seen in figure 5, the bottom of the bed (Z = 22 

mm) has the smallest shrinkage variation, where the top of build chamber (Z = 110-120 mm) 

retains some of the thermal energy accumulated from the top heaters during building and 

spreading of the last layers of powders.    

Variation in part shrinkage across the build chamber in commercial laser sintering systems 

has been noted before by Shen et al., [27] and it was attributed to an uneven temperature 

distributions and cooling rates. Previous research on EOS P700 has found shrinkage values to 

vary by up to 2.5% with nylon 12 material depending on the depth of the build and the builds 

repeatability [20].   

Insert Figures 3-6 

5.2. Tensile testing  

Figure 7 and 8 shows the variation in ultimate tensile strength and elongation to break of the 

samples for X, Y and Z directions. The Z direction samples show up to a 45% decrease in 

tensile strength and a 55% decrease in elongation to break when compared to the X and Y 

directions. The X and Y samples fractured at a tensile strength 10% lower than expected 

values. This anisotropy is commonly seen in ALM parts [28], although at a smaller extent, in 

general a decrease of up 20% in Z direction has been previously reported in nylon materials 

[17].   

Insert Figure 7 & Figure 8 
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All samples tested failed in a brittle manner with the X and Y samples showing crack 

propagation from the skin of the sample and Z samples fracturing across the layer boundary.  

As it can be seen in figure 8, the elongation at break is significantly lower in the case of laser 

sintered samples in comparison with the injection moulded values.  This is a known feature of 

standard laser sintering manufacturing process, which shows a similar trend in high 

temperature laser sintering.   

In this study, the experiments were carried out using standard processing parameters as 

proposed by the machine manufacturer.  However, further optimisation is clearly required to 

allow good layer to layer bonding.  It has been shown previously [18] that the energy density 

can influence the mechanical performance of the sintered parts, higher energy density leading 

to higher mechanical performance except for the highest energy density level which possibly 

leads to material degradation and therefore drop in mechanical performance.   

5.3 Colour observations 

Figure 9a shows the surface of the selected samples.  An image of the cross section of a dog 

bone was also taken (see figure 9c) and a dark contour was noticed at the exterior of the 

sample, almost like a “crust” on the surface of the sample.    

Insert Figure 9 

5.4 X- Ray Diffraction (XRD) measurements  

Table 1 presents the crystallinity results obtained from the XRD measurements from the 

surface and core of the selected sample specimens.   

Insert Table 1 

Table 1 shows that independent of the position of the sample within the chamber the 

crystallinity values within the middle of the samples are similar where the values measured at 

the surface of the samples are affected by their location within the build chamber.  The 

samples with darker surface colour had an approximately 6% drop in crystallinity in 

comparison with the values measured in the middle which had always a lighter colour.    

5.5 TGA measurements  
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It was suspected that the darker surface is the result of a thermo-oxidative degradation 

process which takes place during the manufacturing process. Day et al. [29], noticed similar 

colour changes when heating PEEK at 400°C for 6h in air and nitrogen, significantly more 

pronounced in air.  The conditions used here are not entirely dissimilar to the ones used by 

Day et al.  As stated in section 2.4, the system operates at 365°C chamber build temperature 

and the powder bed is slowly cooling over a period of 36h.  In their study, Day et al., 

concluded that the discoloration is a combination of cross-linked network formation and 

increased conjugation in the remaining linear chain molecules.  The thermogravimetric 

results shown in Figure 10 revealed also that the onset of degradation of the skin samples was 

approximately 15°C lower than the one of the cores, a clear indication of degradation.  

Similar to other studies [30], the TGA results obtained here showed significant mass loss 

happening below 600°C.  Previous studies revealed a two stage degradation process with a 

lower mass loss in the second stage at temperatures above 600°C up to 1000°C.   

Insert Figure 10 

The correlation of figure 9 with table 1 shows that samples positioned at the bottom of the 

build presented the highest colour and crystallinity variation between core and skin, and 

therefore leads to the preliminary conclusion that cooling phase leads to the skin colour 

change.  A longer residence time of the sample within the build chamber at higher 

temperature leads to a darker colour.  Considering that the entire manufacturing process takes 

place in a nitrogen atmosphere similar to the nylon laser sintering systems, the strong change 

in colour was not expected.  However, the high operating temperature of the system limits the 

functionality of the oxygen sensor in EOSINT P800, which is relatively far from the powder 

delivery point.   

Although a large number of samples had been tested, it was not possible to determine 

whether the “crust” formed at the surface of some of the samples influences the mechanical 

properties of the test specimens as the colour variation was sometimes spread across the 

length of a sample as noticed in some of the samples selected for crystallinity measurements.  

Fully dark or light samples had been identified but the number of samples was not large 

enough to allow comparison.   

 

6. Conclusions 
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This study represents the first investigation into the mechanical performance and shrinkage 

behaviour of HP3 PEK samples manufactured in the commercial high temperature laser 

sintering system EOSINT P800.  The trends observed previously in laser sintering of nylon 

are present in high temperature laser sintering of HP3 PEK, although the effects are higher in 

the HT-LS: (1) mechanical strength in Z direction is lower than the value recorded in X and 

Y directions.  The tensile strength reached an approximately 45% drop in tensile strength and 

55% in elongation at break both in Z direction in comparison with X and Y directions,  

significantly lower values than those noticed in polyamides in the same direction; (2) the 

parts built are shrinking non-uniformly depending on thermal gradients and profile across the 

bed; (3) the residence time of the parts in the bed chamber at high temperatures affects the 

physico-chemical characteristics of the powder material and components built, having a much 

stronger effect on the part appearance than previously noticed in nylon.  The exact 

implication the colour observations have on the parts performance is inconclusive at this 

stage.  Controlled ageing testing of HP3 PEK powder and laser sintered parts could lead to a 

further understanding of the thermo-oxidative process and its relationship with mechanical 

performance.   

The results demonstrated excellent prospective for high temperature laser sintering.   Within 

the emerging area of additive manufacturing technologies and materials, standard/polyamides 

laser sintering reached maturity in comparison with HT-LS.   The results presented here are 

the first to show performance of laser sintered PEK components.  Further material 

development, hardware improvements as well as the knowledge gained in the development of 

polyamides laser sintering are expected to bring the quality of the components very close to 

well established manufacturing processes such as injection moulding.   
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List of captions 

 

Figure 1 Test samples distribution in the build chamber (a) Z specimens positions (b) 3D 
image (X, Y, Z directions) 

Figure 2 Samples selected for XRD testing 

Figure 3 Sample length variations in the X, Y and Z directions   

Figure 4 Shrinkage map of the P800 build chamber (based on z direction built samples) 

Figure 5 Shrinkage map of the P800 build chamber (based on x direction built samples) 

Figure 6 Shrinkage map of the P800 build chamber (based on y direction built samples) 

Figure 7 Tensile strength of HP3 PEK sample built in X, Y and Z direction and injection 
moulded samples.  

Figure 8 Elongation at break of HP3 PEK sample built in X, Y and Z direction and injection 
moulded samples 

Figure 9 (a) Optical images of the skin of the six samples (1S to 6S), (b) Optical images of 
the core of the six samples (1C to 6C); (c) Optical image of the cross section of a dog bone 

Figure 10 Onset degradation temperature for skin and core samples 
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Table 1 XRD crystallinity measured values from surface and core samples  

Skin measurements/ 

% Crystallinity 

Core measurements/ 

% Crystallinity 

1S/ 26.3 1C/ 34.4 

2S/ 32.3 2C/ 33.1 

3S/ 22.1 3C/ 34.8 

4S/ 31.6 4C/ 34.2 

5S/ 27.0 5C/ 35.8 

6S/ 31.8 6C/ 34.3 
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Figure9c
Click here to download high resolution image
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