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This paper explored the effect of filament pre-drying before 3D printing. A comparison 

between the undried and pre-dried 3D printed PLA was evaluated in terms of porosity, 
microstructure, and polymeric chain bonding. Three conditions were examined: a new 
PLA as a reference, used PLA filament stored in a vacuumed bag with 50g desiccant, and 
used PLA exposed to humidity for 48h, 96h, and 150h. The parameter setting for drying 
and 3D printing was constant for all conditions. As a result, pre-drying the filament 
resulted in a less porous microstructure, shorter interlayer gap, and better interlayer 
adhesion. The pre-drying method offers a better microstructure than undried filament. 

The density of the pre-dried sample was increased as the porosity decreased due to the 
improvement in the mass flow rate upon the extrusion process. Lastly, the FTIR analysis 
shows that the pre-dried filament exhibits an O-H molecule free from the O-H region 

broad peak, which shows no or almost no presence of water (H 2O). 
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1. Introduction 
 

PLA (Polylactic Acid) is widely used in 3D printing.  However, thermoplastic filament like PLA is 
hygroscopic. Improper storage of the used thermoplastic filaments creates room for moisture 
absorption, affecting the performance and quality of the printed part. Poor environmental conditions 
such as humidity may cause warping, poor layer adhesion, and uneven portions [1]. Moisture in the 
thermoplastic causes the filaments to expand, boil, and break as they are extruded. This may 
influence surface quality, layer adhesion, and mechanical performance [2,3]. Moisture absorption via 
the filament increases elongation upon break, lowering elastic modulus and stresses [4]. The 
absorbed water cluster may lead to the creation of micro cracks, which is thought to be the primary 
reason for these property decreases. 
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In humid conditions, the strength of the 3D-printed item was decreased due to an aging impact. 
Absorbing water molecules destroys plastic polymer chains, which produces printing issues [5]. On 
the other hand, humidity can also influence the mechanical properties of 3D printed parts due to the 
existence of water by altering the polymer chain's bonding [6]. Drying the filament before printing 
may be an alternative to eliminate moisture, restore the original performance of the filament, and 
prevent it from being disposed of as waste, which simultaneously supports sustainability [7,8]. Many 
researchers were focusing in the optimization of process parameters [9-13], and the exploration in 
the influence of drying is still limited [14]. Therefore, the present study aims to examine the influence 
of pre-drying the filament before 3D printing using a dehydrator and the oven on the microstructure 
of the 3D-printed PLA. The cross-sectional of the PLA specimen was analyzed using SEM. 

 
2. Methodology  
2.1 Preparation of the Filament 

 
The materials used in this study were Polylactic Acid (PLA). PLA has a relatively low melting point 

(150℃-160℃), requiring less printing energy. In this study, different humidified conditions were 
initially established to expose the filaments to moisture and pre-drying the filament was 

subsequently performed to observe the drying effect. Three groups were set: 
 

i. New filament as the reference 
ii. Used filaments stored in a vacuum bag with 50g desiccant 

iii. Used filament stored in an open environment and exposed to a humidifier for 48, 96 and 
150 hours 

 
A home humidifier was used for the moisture-exposed condition and a humidity meter was used 

to measure the humidity level during the exposure. 
 

2.2 Pre-Drying Process  
 
The drying process must be done below the filament's melting point to restore its mechanical 

properties. Therefore, the drying temperature is a critical factor to consider. High drying 
temperatures can lead to crystallization and hardening, which may reduce the mater ial's flexibility 

during 3D printing. In this study, a dehydrator, and an oven, as shown in Figure 1, were used for the 
drying technique. The temperature was set to 50℃, and the duration was 6 hours, respectively. 

 

 

 

 
(a)   (b)  

Fig. 1. Two different methods used for the filament pre-drying; (a) 
Oven, (b) Dehydrator: SUNLU FilaDryer S1 
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2.3 3D Printing  
 
A few setting parameters were set to follow during the printing process, and the process 

parameters remained the same for all three conditions of the filaments used. For printing 
temperature, the optimum setting depends on the filament material used. An incomplete crystalized 
process causes the printed sample to have a low cooling rate. It affects the samples' strength because 
the material requires efficient time to ensure it is wholly crystallized [15]. Hsueh et al., [16] suggested 
that the recommended printing temperature range for PLA filaments is 190℃ to 220℃. As for the 
printer speed, a lower printer speed was more efficient in providing better-finished output and 
better-quality results. PLA printing was typically fine at any speed from 40mm/s to 70mm/s. Bed 
temperature significantly allows materials to cool slower when extruded to prevent warping. It also 
gives added adhesion, meaning that the first layer holds well during printing, and the component was 
not released from the bed. For this study, the bed temperature was adjusted at 60°C according to 
the Ultimaker Cura software. Besides, the effect of layer thicknesses is more readily visible when 
viewing print time and surface finish. The recommended layer thickness recommended by Ultimaker 

Cura software is 0.1 mm. Besides, most researchers use 0.1 mm as their layer thickness to get a 
better-quality part. Other than that, a 100% filling percentage was adapted for a great result of 

mechanical resistance and quick printing [17]. The process parameters for printing the PLA specimens 
were set according to Table 1. 

 
Table 1 
Process parameters for 3D printing 
Parameter Target value 

Nozzle temperature 220℃ 
Bed temperature 60℃ 

Speed 60mm/s 
Infill density 100% 
Layer height 0.1 mm 

 
2.4 Scanning Electron Microscope (SEM)  

 
The microstructure of any material has a significant impact on the material's strength. The 

microstructural analysis is critical to determining how and why a fractured surface degrades. This 
work examines the fracture cross-sectional surface of the specimen. A Carl Zeiss Evo 50 scanning 
electron microscope (SEM) with an acceleration of 15 kV was utilized at 50-time and 100-time 
magnification power. 

 
2.5 Fourier Transform Infrared (FTIR) 

 
FTIR spectroscopy was performed on all samples. Several samples were tested. Isopropanol was 

used to clean the equipment thoroughly. Therefore, background data was gathered before collecting 
sample spectra since the findings might be impacted by human breath and air. Printed samples with 
the dimension of 10mm x 10mm were used for FTIR testing. Figure 2 shows the FTIR machine used 
in this study. 
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Fig. 2. Jasco FT/IR-6100 machine 

 
2.6 Porosity Test  

 
The Archimedes principle was used to determine the filament's porosity. A densimeter was used 

for the measurement. Each sample was tested three times in both air and water. Measurements 
were taken once the scale had been re-calibrated. After the scale reached equilibrium, each 
measurement result was recorded. A density formula in Eq. (1), referred to Ning et al., [18] is used 
for the calculation. 

 

𝜌 =  (
𝑀𝑎

𝑀𝑎−𝑀𝑤
) 𝜌𝑊              (1) 

 

where Ma is mass of the sample measured in air, Mw is the mass of the sample measured in water 
and the density of water, ρw is 0.1g/cm3. 

 
3. Results  

3.1 SEM Analysis 
 

Examining the SEM images of the surface of the PLA fracture reveals the humidity effect of the 
specimen with different humidity exposure. Scanning electron microscopy was used to characterize 

the morphological characteristics of the blend, and poor adhesion was observed at the interface 

between blend components. Figure 3-5 shows SEM images of the groups. The cross-sectional tensile 
fractured surface of the reference offers fewer voids, a smooth surface, good interlayer adhesion, 

and shorter interlayer gaps compared to the longer humidified filaments (150 hours) for both undried 
and pre-dried samples. Based on these images, the pre-dried samples exhibit a smooth surface and 

fewer voids than the undried samples, and the reference group portrays better layer adhesion than 
the other groups. 

 

   
(a)  (b) (c) 

Fig. 3. SEM images of the reference group; (a) Undried, (b) Dehydrator, (c) Oven 
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(a)  (b) (c) 

Fig. 4. SEM images of the used filament stored in vacuum bag with 50g silica gel; (a) Undried, (b) Dehydrator, 
(c) Oven 

 

   
(a)  (b) (c) 

Fig. 5. SEM images of the 150 hours humidified filament;(a) Undried, (b) Dehydrator, (c) Oven 

 
In addition, the SEM images were subsequently measured using J-image software. Table 2 

exhibits the result. The interlayer layer gap for specimens exposed to moisture for 150 hours has the 

most extended length of a gap for both undried and pre-dried samples. The interlayer gap for the 
undried specimens is greater than that for the pre-dried specimens utilizing the dehydrator and oven. 

The reference group had the smallest interlayer gap, and the undried specimens showed more 
interlayer gaps. On the other hand, the filament used in a vacuum bag with 50g desiccant also exhibits 

larger interlayer gaps than the samples that have been pre-dried for both methods. This 
demonstrates that the interlayer gap is optimized when the filament is pre-dried using a dehydrator 
or oven. 

 
Table 2 
Interlayer gap length of the specimens 

Specimens 
The average length of interlayer gap (μm) 

Undried Dehydrator Oven 

New filament (reference) 60.67 26.42 52.17 
Used filament stored in the vacuum bag with 50g desiccant 67.42 64.73 44.53 
Humidified for 150 hours 99.21 78.28 88.59 

 
3.2 FTIR Analysis 

 
There will be a focus on the hydroxyl absorb area (3650-3200 cm-1), the carbonyl absorbs region 

(1850-1650 cm-1), and the spectra modified in these three regions because of thermoplastic 
filaments' effect on the drying process structure alteration. The different absorbance of the peak 

represents the water absorbance in the filament. The humidity and absorbance in hydroxyl and 
carbonyl were directly proportional; when the filament humidity increased, the absorbance of the 

specimen increased as well. A carbonyl stretching vibration is indicated by absorption spectra in the 
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1850 – 1650 cm-1 (Figure 6). The drying process increases absorption near this position, attributed 
to the aliphatic carbonyl species from aliphatic carboxyl acids, ketones, or aldehydes for undried 
specimens. After drying, the absorbance at 1650 and 3350 cm-1 is steady. For example, drying has 
increased absorption at 1650 cm-1 while decreasing specimens' humidity (dehydrator) and (oven). 
After drying for six hours on the dehydrator, the absorption at 1723 cm-1 is assigned to the stretching 
vibration of carbonyl in the ester group of PLA, indicating that no carbonyl group forms in PLA 
molecules during the drying process. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. Carbonyl (CO) absorb region; (a) undried, (b) pre-
dried (dehydrator), (c) pre-dried (oven) 

 

The undried specimens show almost no absorption near 3350 cm-1. In contrast, the drying 
specimens show absorption at this position. With the drying process, the absorption intensity 

increases, as if the absorb peaks at 3350 cm-1 gradually form, which is assigned to the multiple 
contributions from the alcohol and acid groups. Furthermore, the peaks at 3350 cm-1 grow 
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progressively as the humidity of the specimen decreases, showing that no hydroxyl groups are 
generated during the drying process and that the H2O is reduced during drying (Figure 7). Still, 
absorption at 1750 cm-1 in PLA specimens is due to carbonyl stretching vibrations in ester groups. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Hydroxyl (OH) absorb region; (a) undried, (b) 
pre-dried (dehydrator), (c) pre-dried (oven) 

 

3.3 Porosity Analysis 
 

Based on the density test result in Table 3, the density decreases when the filament is exposed 
to the humidifier, indicating that when the humidity of the filament increases, the thickness of the 
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specimen decreases, and the pores or voids in the specimens are higher. Ayrilmis et al., [19] also 
suggested that the specimen's density decreased, and the porosity in the specimens increased. The 
density of the PLA filament for undried specimens is lower than for the dehydrator and oven-dried 
specimens. This indicates that the drying process has reduced the filament's water absorption. This 
can be explained by the fact that the specimen's porosity increases with water absorption. The 
filament appears to have a void. It should be noted that closed pore development at moisture content 
could result in density deviation. However, the difference between measuring particle density and 
model prediction could be used to quantify the contribution of closed pored to bulk density [20,21]. 

Interbead pores or interlayer gaps are the most significant flaw in FDM material and the primary 
source of its mechanical property variability [22]. It may be seen on the fractured surface. Low-
strength specimens clearly show the deposited interlayer gap, indicating that the layer was not in 
contact. The heated bed, which improves bead fusing, is likely responsible for the early layers' low 
inter-bead porosity. Dimensional variations in the inter-bead voids or pores led to changes in 
mechanical characteristics. The specimen's interlayer gap length is the subject of this study. A greater 
interlayer gap indicates that the specimen has high porosity. According to Fang et al., [1], the volume 

of the biggest pores increases as water content increases, consistent with the findings. As predicted 
by the fracture process, this experiment demonstrated that specimens with high porosity and low 

density will have reduced mechanical strength due to the pores' ability to aid crack propagation. 
Based on the density result, the porosity was calculated, and it was found that the porosity 
percentage of the specimen was inversely proportional to the density. 

 
Table 3 
Interlayer gap length of the specimens 
Specimens Average density (g/cm3) Average porosity (%) 

Humidity condition Undried Dehydrator Oven Undried Dehydrator Oven 

New PLA filament 1.035 1.042 1.054 16.53 15.97 15.00 
Used filament stored in the vacuum bag with 50g 
desiccant 

1.0333 1.038 1.034 16.67 16.29 16.61 

Humidified for 48 hours 1.0265 1.029 1.031 17.22 17.02 16.85 

Humidified for 96 hours 1.008 1.015 1.025 18.71 18.15 17.34 
Humidified for 150 hours 1.0013 1.005 1.005 19.25 18.95 18.95 

 
Figure 8 shows the summarized average density result obtained after the density test to 

determine each specimen’s average porosity condition. The specimen’s highest average density is 
obtained in a reference specimen. The specimens with conditions used filament humidified for 150 
hours show the lowest strength. Pre-dried specimens have consistently had the highest average 
density compared to undried specimens. For PLA, pre-dried using a dehydrator shows higher tensile 

strength than pre-dried using an oven. The new filament specimens have the highest average density, 
and the specimens with the condition of a humidified filament for 150 hours have the lowest density.  
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Fig. 8. Average density 

 
4. Conclusions 

 
To conclude, the density of the pre-dried sample was increased as the porosity decreased due to 

the improvement in the mass flow rate upon the extrusion process. The undried sample exhibits 
more void and incomplete diffusion in the SEM images, and the interlayer gap expanded due to the 
moisture. As for the pre-dried sample, the sample had fewer voids and incomplete diffusion, and the 
layer formation of the dried sample was better than the undried sample. The FTIR analysis of the pre-
dried filament shows O-H molecules free from the broad O-H region peak, indicating no or almost no 
presence of water (H2O) in the filament. 
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