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Post-Ultraviolet-Curing Process Effects on Low-Velocity Impact Response 

of 3D Printed Polylactic Acid Parts 

 

 

Tarkan AKDERYA *1  

 

 

Abstract 

 

In this study, polylactic acid (PLA) parts produced with the 3D fused deposition modelling 

(FDM) technique were cured with ultraviolet irradiation (post-UV-curing) after production, and 

the low-velocity impact behaviour of the parts was experimentally investigated. Accordingly, 

PLA parts were subjected to post-UV-curing at 15-, 30-, 45-, and 60-minute periods. The impact 

behaviour of the specimens produced with production parameters of 200 °C printing 

temperature, 0.2 mm layer thickness, 50 mm/s printing speed, 100% infill rate, and 45° raster 

angle was compared with the raw specimens after the post-UV-curing process was applied. As 

a result of the impact tests, peak force, peak displacement, peak energy, and puncture energy 

values were obtained from the force-displacement graphs. It has been revealed that the post-

UV-curing implementation increases the peak force values of PLA specimens and decreases 

the displacement values compared to the raw specimens. All specimens' impact behaviour 

improves with the post-UV-curing process; however, a decreasing trend is entered after 30 min. 

 

Keywords: FDM, UV irradiation, polylactic acid, impact response, 3D printing 

 

1. INTRODUCTION 

 

Additive manufacturing (AM) technology can 

be characterised as blending consumables 

such as resin or filament by fusion or 

solidification. It is based on forming the 

design layer by layer using three-dimensional 

(3D) computer-aided design (CAD) 

modelling. AM performs manufacturing 

operations by using 3D computer data 

containing the object's geometric details or 

using Standard Tessellation Language (STL) 

files. AM is preferred for manufacturing 

small-volume specimens with high design 

complexity and parts often requiring design 

orientation. It is a production method in which 
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parts can be produced by overcoming the 

limitations of traditional production methods.  

 

In addition, controllable production 

parameters and active interaction with 

material properties are also considered among 

its essential advantages compared to 

traditional production methods. AM 

technologies and methods find various 

application areas, such as automotive, 

medical, and aerospace, and are increasing in 

terms of market share. However, it has 

disadvantages such as geometric accuracy and 

extended production time [1, 2].  

There are many AM methods according to 

how the layers are placed, the working 
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principle, and the materials used to obtain the 

part. There are AM methods such as Selective 

Laser Melting (SLM), Selective Laser 

Sintering (SLS), and fused deposition 

modelling (FDM), which work on the 

principle of melting the consumable material 

or bringing it to a softer form in order to obtain 

layers. AM production techniques are also 

based on curing liquid consumables under 

certain conditions, such as stereolithography 

(SLA) [3-5]. In FDM technology, the polymer 

preferred as a consumable is liquefied and 

extruded in a semi-molten form via a nozzle 

into the path obtained from CAD data [6-8]. 

The part whose design is completed with CAD 

software is loaded into the slicing software as 

an STL file and divided into cross sections by 

determining the production parameters. G-

codes are obtained by specifying geometric 

and manufacturing parameters using the 

slicing software interface [9, 10]. Introducing 

the G-codes to the printer system pushes the 

selected filament towards the heated liquefier 

and extrudes with a nozzle in semi-melt form. 

The semi-molten filament is deposited on the 

path determined as G-code by the slicer 

software. Within this scope, all paths in a layer 

specified in the G-code file continue by 

completing the layer and moving to the next 

one [11-13]. 

 

PLA is relatively economical, biodegradable, 

has a low melting temperature, does not cause 

toxic gas emissions, and is environmentally 

compatible as an amorphous thermoplastic 

frequently used in the FDM technique [14]. 

Even though PLA has good mechanical 

properties, its fields of application are limited 

owing to its low thermal resistance. Due to its 

biocompatibility, it is used in various practical 

application areas, from plastic containers to 

medical implants [15]. In the biomedical field, 

it can be injected into the human body with 

minimal inflammation in applications such as 

bone fixation devices, drug delivery systems, 

ureteral and vascular stents, and scaffolds [16-

18].  

 

The fibre-to-fibre bond strength and void 

density of the parts are affected by FDM 

printing parameters such as infill rate [19], 

raster layup [20], layer thickness [21], and 

printing speed [22]. For this reason, studies 

are carried out to predict FDM polymeric 

objects' mechanical response and success and 

determine which factors affect how much. In 

some studies, models have been used to 

predict the effects of printing parameters on 

the mechanical behaviours of PLA specimens 

[23-26]. The specimens fabricated by the 

FDM process are considered composite 

laminates and analysed using classical 

lamination theory, limited to linear elastic 

analysis [15, 27].  

 

When the literature is reviewed, there are 

studies on how the behaviours of parts 

fabricated with the FDM technique are 

affected by the printing parameters, such as 

production temperature [28, 29], layer 

thickness [30, 31], production speed [32, 33], 

and filling rate [34, 35]. Very few studies 

examine the effects of post-production 

processes on the characteristics of these parts. 

Despite the superior properties of PLA, the 

problems of being unable to be completely 

stacked or cured due to the material-stacking 

process of the production with the FDM 

technique can prevent PLA from being 

produced with the desired mechanical 

properties. The UV light wavelength 

irradiation process is applied in order to 

reduce the unevenness of bonding success 

caused by stacking problems between layers, 

to eliminate the problems of non-uniform 

curing due to the formation of different 

cooling zones in part, and to interfere with the 

material characteristics with a post-production 

process [36]. In addition, it is known that one 

of the various surface modification techniques 

used to modify the characteristic properties of 

polymer surfaces, such as wettability, 

antistatic, antimicrobial or dye adsorption, is 

UV treatment [37].  

 

Studies examining the effects of post-UV-

curing, one of the post-production processes, 

on the mechanical behaviours of the parts 

fabricated with the FDM technique are 

relatively new [36, 38]. In the study conducted 

Tarkan AKDERYA

Post-Ultraviolet-Curing Process Effects on Low-Velocity Impact Response of 3D Printed Polylactic Acid...

Sakarya University Journal of Science 27(5), 943-955, 2023 944



by Akderya [38], the 405 nm post-UV-curing 

process was applied to the PLA parts at 

different exposure times of 15, 30, 45 and 60 

minutes, and then how the flexural and 

absorption behaviours were affected by the 

post-UV-curing application was investigated. 

In this study, the effects of post-UV-curing 

treatment on the impact behaviour of PLA 

specimens produced by the FDM technique 

were investigated. Additionally, the 

interaction of specimen surface morphology 

with post-UV-curing was evaluated by SEM 

analysis. 

 

2. MATERIAL AND METHOD 

 

CAD data of the low-velocity impact 

specimens designed by Solidworks software 

were converted to an STL file and transferred 

to Ultimaker Cura slicing software to obtain 

G-code. The recommended printing 

parameters of 1.75 mm diameter white PLA 

filaments supplied by Ultrafuse (BASF 3D, 

The Netherlands) are as follows: Nozzle 

temperature between 190-230 °C, bed 

temperature between 50-70 °C, nozzle 

diameter of 0.4 mm and above, print speed 

between 40-80 mm/sec. Creality CR-05 Pro H 

(Creality 3D Technology Co., Ltd., China) 

was chosen as the FDM printer, and Esun 

eBox (Esun Industrial Co., Ltd.) was used 

throughout the production process at 40 °C to 

remove moisture from the PLA filaments and 

preheat. The post-UV-curing application, 

which is defined as the post-production 

process of the finished specimens, was carried 

out using the Anycubic wash and cure 2.0 

device (Anycubic Technology Co., Ltd., 

China). 

 

The nozzle temperature was chosen as 200 °C, 

nozzle diameter as 0.4 mm, bed temperature 

as 60 °C, and production speed as 50 mm/sec, 

taking into account the recommended 

production parameters of the filament supplier 

and the printing parameters used in scientific 

studies. All printing parameters are given in 

Figure 1. Specimens produced at 200 °C were 

subjected to post-UV-curing process at 

intervals of 15 minutes for 60 minutes. 

Schematically, the FDM production process 

and production parameters are given in Figure 

2. 

 

 
Figure 1 Used printing parameters 

 

 
Figure 2 Schematic view of the low-velocity 

impact specimen's printing parameters 

 

The process of curing PLA parts, 

whose production is completed with 

determined FDM parameters, at adjustable 

durations in a device that performs UV 

irradiation is described as post-UV-curing. 

This process is accomplished by applying 

continuous UV irradiation (405 nm) to the 

PLA specimen, which is positioned vertically 

in the middle of a turning platform, by the UV 

LED panel. The UV- blocking top cover 

prevents UV irradiation from contacting the 

naked eye, and the reflector ensures that UV 

light reaches every part of the specimen 

equally. The parts of the UV-curing machine 

are presented in Figure 3. 
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Figure 3 Parts of UV-curing machine 

 

2.3. Characterisation 

 

2.3.1 Low-velocity impact test 

 

Post-UV-cured and untreated PLA parts were 

subjected to 20 J impact tests according to ISO 

6603 standard [39] using the Instron Ceast 

(Instron Mechanical Testing Systems Co., 

Ltd., USA) low-velocity impact test device. 

Five specimens were tested for each 

parameter. Impact testing was performed 

using a 20 mm diameter hemispherical 

hardened steel impactor. Impact loading on all 

specimens was performed using a constant 

energy level of 20 J and was calibrated by 

adjusting the impactor height to reach the 

desired energy level. The impact process was 

adjusted, so the impactor's speed was 2.70 

m/s. Equipped with load and displacement 

transducers, the impactor provides 

force/displacement graphs by performing the 

impact operation.  

 

The specimens whose dimensions are given in 

Figure 4(a) were fixed by placing them on a 

support with a 76.2 mm inside diameter 

shown in Figure 4(b). Tests were conducted 

such that a hemispherical hardened steel 

impactor with a mass of 5.50 kg would strike 

through the centre of the specimens. The 

specimen impacted from its centre is given in 

Figure 4(c). Impact test parameters are given 

in Table 1.  

 

 
Figure 4 (a) CAD-model of the impact specimen 

according to ISO 6603 (Dimensions are given in 

millimetres.), (b) Instron Ceast 9350 impact test 

machine, and (c) an impacted specimen 
 

Table 1 Impact test parameters 

 

This study used force-displacement data from 

impact tests to reveal the impact response of 

non-cured (raw) and post-UV-cured 

specimens. The force-displacement data 

obtained by the complete puncture of the 

impact test specimens were used to obtain the 

absorbed energy levels. Absorbed energy is 

the transferred energy to the specimen by the 

impactor upon impact. The absorbed energy 

was found by integrating the force-

displacement graph, while the peak energy 

was found by integrating the part up to the 

peak force value in the force-displacement 

graph. Displacement refers to the distance 

travelled by the impacted surface of the 

specimen after the impact loading.  

 

Impact Test 

Parameters 
Unit Value 

Impact energy J 20 

Impact velocity m/s 2.70 

Falling height mm 371 

Additional 

mass  
kg 5.50 
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2.3.2 Morphological properties 

 

The surface morphology of post-UV-cured 

and untreated PLA specimens was determined 

using SEM analysis in accordance with 

ASTM E986 [40] standard. Micrographs of 

PLA specimens coated with 5 nm vanadium 

under vacuum using an ION COATER 

COXEM device (COXEM Co., Ltd. Korea) 

before SEM analysis were obtained with Field 

Emission Scanning Electron Microscope Carl 

Zeiss 300VP device (Carl Zeiss Co., Ltd., 

Germany) with 15 kV acceleration voltage.  

 

3. RESULTS AND DISCUSSION 

 

The study was conducted to reveal the 

influence of the post-UV-curing post-

production process on the impact behaviour of 

PLA parts obtained by the FDM process. The 

force-displacement graphs obtained from the 

impact tests of the raw and post-UV-cured 

PLA parts at exposure times of 15, 30, 45, and 

60 minutes are given in Figures 5-9, 

respectively. Characteristically, peak force, 

peak displacement, peak energy, and puncture 

energy values obtained for all PLA specimens 

from force-displacement graphs are given in 

Figures 10-13, respectively, with their 

standard deviation values.  

 

If it is mentioned about the determination of 

characteristic data, the area under the 

force/displacement graph gives the total 

energy. Peak energy indicates the shaded area 

up to the peak force value on this graph. Peak 

force gives the highest force value that can be 

read on this graph, while peak displacement 

expresses the displacement value 

corresponding to the peak force.  
 

 
Figure 5 Force – Displacement graphs of  

non-cured PLA specimens 

 

 
Figure 6 Force – Displacement graph of 15 min-

cured PLA specimens 
 

 
Figure 7 Force – Displacement graph of 30 

min-cured PLA specimens 

 

Figure 8 Force – Displacement graph of 45 

min-cured PLA specimens 
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Figure 9 Force – Displacement graph of 60 min-

cured PLA specimens 

 

The peak force-duration values of the raw 

specimens are compared with that of the post-

UV-cured specimens in Figure 10. The peak 

force values of all post-UV-cured ones were 

higher than the non-cured ones but entered a 

downward trend after 30 minutes. The highest 

peak force is observed in PLA specimens 

exposed to post-UV-curing for 30 min. The 

peak force value of the 30 min post-UV-cured 

specimen is 116.35% higher than that of the 

raw specimens, 80% higher than that of the 15 

min post-UV-cured ones, 51.44% higher than 

that of the 45 min post-UV-cured ones, and 

62.45% higher than that of the 60 min post-

UV-cured ones. 
 

 
Figure 10 Peak Force – Post-UV-Curing 

Duration graph of PLA specimens 

 

Considering the peak displacement values 

(Figure 11), all post-UV-cured specimens 

have lower values than the raw specimens. 

The lowest value is 2.14 mm in the specimens 

exposed to post-UV-curing for 45 minutes. 

The peak displacement value of the 30 min 

post-UV-cured specimens with the highest 

peak force is 36.44% lower than that of the 

raw specimens. Compared to the non-cured 

ones, post-UV-cured ones have higher peak 

force and lower peak displacement. Post-UV-

curing implementation increases the stiffness 

of the specimens, resulting in the specimens 

being punctured at a higher force and a lower 

displacement value [41, 42]. 
 

 
Figure 11 Peak Displacement – Post-UV-Curing 

Duration graph of PLA specimens 

 

The peak energy graph, which expresses 

the energy required up to the highest peak 

force value recorded during the impact tests of 

the raw and post-UV-cured specimens, is 

given in Figure 12. When the peak energy 

values are examined, the specimen cured for 

30 minutes has the highest value with 4.76 J, 

and all other cured specimens have lower 

values than the raw specimens. It is found that 

the specimens subjected to post-UV-curing 

for 30 minutes are 26.93% higher than the raw 

ones, 47.37% higher than the 15-min post-

UV-cured ones, 85.94% higher than the 45-

min post-UV-cured ones, and 41.67% higher 

than the 60-min post-UV-cured ones. 
 

 
Figure 12 Peak Energy – Post-UV-Curing 

Duration graph of PLA specimens 

Tarkan AKDERYA

Post-Ultraviolet-Curing Process Effects on Low-Velocity Impact Response of 3D Printed Polylactic Acid...

Sakarya University Journal of Science 27(5), 943-955, 2023 948



During the low-velocity impact tests, the 

puncture energies required by the impactor to 

completely pierce the specimen are given in 

Figure 13. Puncture energy refers to the sum 

of the energy spent by the impactor during its 

movement from the moment it contacts the 

specimen to it exits the lower surface of the 

specimen. Accordingly, similar to the peak 

force graph, the highest puncture energy value 

belongs to the 30-min post-UV-cured 

specimens. The 30-min post-UV-cured 

specimen with a puncture energy value of 5.26 

J is 24.35% higher than the raw specimen with 

a puncture energy value of 4.23 J. 
 

 
Figure 13 Puncture Energy – Post-UV-Curing 

Duration graph of PLA specimens  
 

In the study of Hsueh et al. [36], the post-UV-

curing process with a wavelength of 425 nm 

was applied for 60 minutes to PLA parts 

produced with the FDM technique. The 

findings of this study are consistent with the 

study conducted by Hsueh et al. [36], and the 

60-min post-UV-curing process causes a 

decrease in the mechanical properties of PLA 

parts. In the study by Akderya [38], the effects 

of the post-UV-curing process applied 

between 15-60 minutes on the flexural and 

absorptive properties of PLA parts were 

investigated. In accordance with this study, it 

is seen that the mechanical properties of the 

specimens applied 30-min post-UV-curing 

have the highest value. 

 

After UV irradiation, alterations in the impact 

behaviours of the specimens are observed, and 

30 minutes post-UV-cured specimens have 

the highest peak force and peak energy values. 

The increase in the impact properties of the 

material is not continuous with the increase of 

the post-UV-curing exposure time. The 

impact properties decrease after a specific 

exposure time (30 minutes). This is due to the 

photo-oxidative degradation phenomenon that 

occurs after a certain exposure time of the 

post-UV-curing process applied to PLA 

impact specimens. The photo-oxidative 

degradation process is the most effective 

phenomenon that can cause degradation in the 

structure of polymeric substrates under certain 

ambient conditions by exposure to UV 

irradiation [43, 44]. The degradation 

mechanism due to the phenomenon's nature 

has caused the molecular chains to begin to 

break [45, 46]. The shorter chain structure 

resulting from the photo-oxidative 

degradation process starts after a certain 

period, depending on the duration, nature, and 

other parameters of the modifying agent, in 

this case, UV irradiation. The photo-oxidative 

degradation process leads to the deterioration 

of the physicochemical properties of the 

polymers after this period [47-49]. As a result 

of the emergence of the photo-oxidative 

degradation process with the effect of UV-

irradiation, an irregular, uneven, and variable 

adhesion success has emerged between the 

printing fibres. The biodegradable structure of 

PLA is triggered by the emergence of the 

photo-oxidative degradation process, and the 

phenomenon adversely affects the adhesion 

success of printing fibres that form the 

material structure [38, 50]. In addition, the 

specimens exposed to the post-UV-curing 

process for 30 minutes have the highest peak 

force and energy values. It can be said that the 

reason for this is that the post-UV curing 

process applied at certain critical times forms 

a stronger adhesion between the printing 

fibres, especially starting from the outermost 

surfaces of the specimens [36, 38]. 

 

The printing fibre diameters of the raw, 30- 

and 60-min post-UV-cured specimens were 

measured and given in Figure 14. 

Accordingly, printing fibre diameters of the 

raw and 60 min post-UV-cured ones, which 
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are significant on the outermost surface, are 

more extensive than that of the 30 min post-

UV-cured specimen. The post-UV-curing 

process has caused the diameter of the printing 

fibres to decrease. The molecular chains on 

the outermost surface of the material have 

been rearranged to be tighter by applying the 

post-UV-curing process. Therefore, a new 

order is formed to shorten the distance 

between the molecular chains [36, 51]. 

Modifying inert polymer surfaces is achieved 

by increasing the surface energy by photo-

oxidised polar groups by applying UV 

irradiation. In this way, it can be said that the 

bonding ability of the fibres to the layer 

surfaces increases thanks to the increased 

surface energy [52, 53]. When the diameter of 

the printing fibres of the 30-min post-UV-

cured specimens, which have the highest 

impact resistance, is examined, it is seen that 

the diameter of the printing fibres has the 

smallest value compared to the raw and 60-

minute post-UV-cured ones in accordance 

with Figure 14. With the application of 30-

min post-UV-curing, the ability of the printing 

fibres to adhere to surfaces increases, and the 

diameter of the fibres that adhere better to the 

surface becomes smaller. Accordingly, 

printing fibres that adhere better to the surface 

due to the increase in surface energy cause a 

more rigid material surface to be formed, and 

it is seen that displacement values decrease 

due to the increased stiffness value. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Diameters for the print fibres of (a) 

raw, (b) 30 min, and (c) 60 min post-UV-cured 

specimens 

 

4. CONCLUSION 

 

This experimental study investigated the 

effect of the post-UV-curing process applied 

at different durations on the impact behaviour 

of PLA specimens. Accordingly, the findings 

are itemised below. 

 

• When the peak force values of the post-

UV-cured specimens are compared with 
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the raw specimens, it is found that post-

UV-curing increases the peak force value 

of PLA specimens for all exposure times.  

 

• It is observed that the post-UV-cured 

specimens have lower peak displacement 

values compared to the raw specimens.  

 

• The surface energy increased by post-UV-

curing application causes the fibres to 

develop better adhesion to the surface, and 

it has been revealed that the highest peak 

energy values are in the specimens with 30-

min post-UV-cured ones.  

 

• When the puncture energy values, which 

are defined as the energy value required 

from the first contact of the impactor on the 

top surface of the specimen until it pierces 

the bottom layer, are examined, it is seen 

that the 30-min post-UV-cured ones have 

the highest value. 

 

• Post-UV-curing application to PLA 

specimens at different durations increases 

the impact strength and stiffness values. 

The impact strength ability of the 

specimens increases when the peak force 

values are taken into account, and the 

stiffness values increase when the peak 

displacement values are taken into account. 

It has been revealed that the stiffness value, 

which is described as the resistance of 

specimens against deformation in response 

to the applied force, increases. 
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