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Homogeneous and stable ceramic suspensions with high solids loading and low viscosity pose a 
significant challenge in vat photopolymerization additive manufacturing, once solid particles tend to 
increase viscosity. Instead, organic materials can contribute to decrease viscosity and post-sintering 
shrinkage. A base suspension was formulated using PEGDA along with dispersant DISPERBYK-111 
(3 wt.% of the monomer powder), zirconia powder (40 vol.%), n-methyl-2-pyrrolidone (10% vol.), 
and a photoinitiator (2 wt.% of the monomer). The introduction of 10 vol.% solvent resulted in a 
22.6% reduction in the suspension viscosity. The average post-sintering shrinkage measured 26.11% 
across all three dimensions. Sintered components exhibited an average density of 5.95 g/cm3 and an 
average flexural strength of 256 ± 49 MPa. Additionally, the parts demonstrated anisotropic tribological 
behavior, low porosity and low surface roughness for polished (Ra 0.032) and untreated (Ra 0.33) 
surfaces. It was concluded that incorporating minimal amount of solvent into ceramic suspensions does 
not adversely affect their rheological and mechanical properties, while ensuring satisfactory surface 
quality of the sintered components.
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1. Introduction
Additive manufacturing (AM) of ceramics through vat 

photopolymerization (VP) is a 3D printing technique that 
creates high-performance1 and high-resolution objects2 with a 
smooth surface finish, being able to achieve properties similar 
to those produced by traditional subtractive manufacturing3. 
The method is based on the computerized and gradual 
deposition of a resin loaded with ceramic powder in layers, 
transferring a digitized model to a mechanical system 
that produces the model, or “prints” it4. Once printing is 
complete, the resin is removed, and the residual powder 
undergoes sintering, thereby finalizing what is referred 
to as the indirect manufacturing process. In VP, a liquid 
photosensitive suspension is selectively cured within a vat 
using a light source5, which triggers a polymerization chain 
reaction. This process allows the solidification of the pattern 
that corresponds to the object’s cross-section, layer by layer, 
and can occur through stereolithography (SLA), digital light 
processing (DLP), or liquid crystal display (LCD)6.

Some advantages of AM for ceramics over traditional 
methods include significant reduction in the need for tools 
and machinery, while maintaining the fidelity of dimension 
and details, even when producing geometrically complex 
and small parts7. Since ceramics have a high melting point, 
high susceptibility to thermal shock and low sinterability, 
completely consolidated and defect-free layers represent a 
challenge for direct AM of these materials8-10 and, therefore, 

the indirect method has been adopted. Generally, the removal 
of organic material from ceramic printed parts is done 
thermally by degradation and decomposition. This method 
may require high temperatures for a long time, depending on 
the type of organic agent used (such as resin and solvents). 
However, as the amount of organic matter is relatively high, 
there may be partial vapor pressure in internal regions that 
are still impermeabilized or insufficiently connected to the 
external region, a condition that can generate cracks and 
delamination10. Therefore, it is recommended to design 
formulation with multiscale evaporative organic components 
because a component with a higher vapor pressure allows other 
volatiles to escape more easily, thus preventing defects in the 
manufacturing of parts11. It may be necessary to decrease the 
viscosity and improve the rheological properties of ceramic 
slurries, for example, by adding solvents to the ceramic 
suspension12. Solvents can also perform hybrid functions of 
lubricant, plasticizer and surfactant combined with multiscale 
removal. Typical ceramic slurry formulations for AM include 
a proportion of 10-20% solvents13. However, it’s crucial to be 
mindful that the use of high vapor-pressure solvents can lead 
to warping and cracking, underscoring the importance of 
careful solvent selection6.

The relevance of the selection of each element and its 
proportion in the formulation of ceramic suspensions for 
AM has been discussed in a paper6 that emphasized that 
this selection is essentially based on the light adsorption and 
rheological properties, according to the type of 3D printing *e-mail: giovana.rezende@usp.br
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equipment, taking into account the wavelength of the available 
light source. Thus, the following factors were established as 
key to good rheological properties of ceramic suspensions 
for AM by VP: the powder particle size should be <0.5 μm 
for good sinterability; the specific surface area of ​​the particle 
should be around 7m2/g for low viscosity; the binding agent 
and photoinitiator should be active at the wavelength of the 
light source provided by the AM equipment; dispersing agents 
should be added at a rate of 0.5 to 2.0% by weight relative 
to the powder content; solvents should correspond to up to 
20% by volume relative to the powder content14. Despite 
these recommendations, the use of solvent-free suspensions 
or with a minimal proportion of solvent (10% by volume) 
has been recommended to reduce shrinkage and improve the 
geometry of the final part, without significantly interfering 
with the rheological properties of the suspension15-19.

Among the ceramic materials used to produce parts 
with AM technology, zirconia (ZrO2) stands out for its high 
hardness, resistance to bending and fracture, excellent ionic 
conductivity, thermal and chemical stability, biocompatibility 
and corrosion resistance20. To overcome problems related 
to the final quality of parts produced in zirconia ceramics 
by AM, measures have been adopted such as: use of dense 
zirconia such as 3Y-TZP in high solid loading suspensions16; 
adjustments to the ideal power of the photopolymerizing 
light source and energy flow15; a  combination of AM 
techniques with traditional techniques to improve mechanical 
performance2, and to reduce the amount of solvents in order 
to improve stability of rheological properties as well as for 
reducing shrinkage15,17,18.

The effect of the composition of the ceramic suspension 
has been widely studied not only on its rheological properties 
but also on the mechanical behavior of the final part2,3,6,12,15,17,21. 
In this sense, feedstock formulation is a major factor in 
obtaining the desired mechanical properties. A preliminary 
study carried out by this research group15 used a high amount 
of solvents (exceeding 30%) to prepare a 3Y-TZP suspension 
which, after debinding and sintering at 1500 C for two 
hours, produced parts with an average flexural strength of 
337 MPa. However, the high volume of organics resulted in 
a large linear shrinkage exceeding 34%. Subsequent studies 
based on solvent-free suspensions16,22 were performed to 
overcome this downside, reducing shrinkage to about 25%. 
Nevertheless, 3Y-TZP with limited average flexural strength 
(<200 MPa) was obtained, indicating that the solvent may 
have benefits beyond reducing suspension viscosity. Thus, 
in this work, formulations with a minimal amount of solvent 
will be explored.

2. Materials and Methods
A preliminary test was conducted to select the solvent 

used in this work. Thus, a base formulation composed of a 
monomer (PEGDA 250, Sigma Aldrich, USA) and 2 wt% 
of a photoinitiator (phenylbis (2,4,6-trimethylbenzoyl) 
phosphine oxide, Sigma Aldrich, USA) was prepared in 
a magnetic stirrer for 4 hours. Subsequently, 10 vol% of 
different solvents (methyl alcohol, benzyl alcohol, camphor, 
ethylene glycol, ethyl alcohol, isopropyl alcohol, n-methyl-
2-pyrrolidone, and polyethylene glycol) were incorporated. 
Each prepared formulation was poured into the vat of the 

3D printer and subjected to different light exposure times 
(up to 10 seconds) to check the effect of the solvent on the 
layer formation. All solvents considered, except n-methyl-
2-pyrrolidone, did not form a uniform layer, presenting 
regions with incomplete polymerization and a gelatinous 
appearance. The same test was repeated 7 days after the 
preparation of the mixtures to verify whether they could be 
used after storage. The n-methyl-2-pyrrolidone, which has 
already been successfully used in a preliminary work by 
this research group15, produced uniform layers, even after 
7 days of storage, and thus, it was selected as the solvent 
in the development of ceramic suspensions in this study.

2.1. Production of ceramic suspensions for 
characterization

To investigate the impact of low solvent content (10% by 
volume of the monomer) on the rheological behavior of the 
ceramic suspension, a formulation was produced containing 
3Y-TZP zirconia powder with a specific surface area of ​​16 ± 
3 m2/g at 15% by total volume (TZ-3Y-E, Tosoh Corporation, 
Japan), poly (ethylene glycol) diacrylate monomer (PEGDA 
250, Sigma Aldrich, USA), DISPERBYK-111 dispersant 
(BYK-Chemie, Germany) at 3% by weight of the monomer, 
n-methyl-2-pyrrolidone (Synth, Labsynth, São Paulo) at 
10% by volume of the monomer. The viscosity of this 
formulation was compared to previous results6, using a 
solvent-free formulation containing the same elements in 
the same proportions.

The rheological behavior of the formulations was assessed 
through a viscosity test performed at room temperature using 
a rotational viscometer (DV2T Extra, Brookfield).

2.2. Suspension preparation for AM
A suspension containing 3Y-TZP zirconia powder at 40% 

by total volume, PEGDA 250, DISPERBYK-111 dispersant 
at 3% by weight of the monomer, n-methyl-2-pyrrolidone at 
10% by volume of the monomer and photoinitiator phenylbis 
(2,4,6-trimethylbenzoyl) phosphine oxide (PPO, Sigma Aldrich, 
USA) was produced. The preparation of the suspension 
started with mixing the monomer, dispersant and solvent 
together. Next, the ceramic powder and the photoinitiator 
were gradually added into the mixture. The suspension was 
then homogenized in a ball mill for 24 h to break up any 
agglomerates, as suggested in a related work16.

2.3. Production of parts by AM and sintering.
Six identical green parts with a layer thickness of 

25 µm were produced using a customized top-down AM 
machine23. The layer thickness was chosen based on a 
recommendation8 suggesting that it should be set within an 
appropriate range, typically between 15 μm and 100 μm. 
The lower limit is generally determined by the capabilities 
of the SL apparatus, while the upper limit results from a 
balance between the required surface resolution and curing 
depth8. After being produced, the pieces were washed with 
isopropyl alcohol and dried in an oven at 100°C for 12 hours. 
The process of burning the organic components of the pieces 
occurred by gradual heating from 350°C to 600°C17,19 and, 
subsequently, the pieces were sintered at 1500ºC for 2 hours 
in the box furnace, a process in which porosity was reduced, 
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increasing their density. The final pieces were then cleaned 
and finished. The samples were subjected to post-sintering 
shrinkage analysis (measurements by caliper), density 
(Archimedes’ principle applied with a mass measurement 
resolution of 0.01 mg), mechanical bending test, wear resistance 
(“pin-on-disc” test), porosity and surface roughness analysis 
(SEM and confocal microscopy respectively). A case study 
was conducted to evaluate the manufacturing process of 
dental brackets, focusing on the friction force between the 
groove surface of the bracket and the arch wire.

2.4. Mechanical bending test
A universal mechanical testing machine (Bionix, MTS 

370.02) equipped with a 15 kN load cell operating at the 
speed of 1.5 mm/min at 20°C was utilized. The bending test 
based on ASTM C1161-02c24 was performed bar-shaped 
specimens measuring 25 x 2.0 x 1.5 mm (post-sintering 
dimensions) at 3 points within the distance of 20 mm between 
the supports. The test specimens were digitally designed in 
the dimensions of 34 x 2.7 x 2 mm in green state, anticipating 
a contraction of 26%16.

An additional set of tests was performed on flexural 
samples manufactured from a suspension prepared using a 
planetary mixer (Speed Mixer DAC 1100-1 FVZ, Hauschild) 
at 1600 rpm for 4 minutes instead of using the ball mill.

2.5. Wear resistance according to the direction of 
layer deposition

To investigate the influence of layer deposition direction 
on zirconia produced by AM, the “pin-on-disc” test was 
conducted according the ASTM G99-05 standard25. The pins 
were manufactured with 50 μm layer thickness and were 
underwent to the exposure time of 10s/layer. Such parts 
were manufactured in two distinct printing directions: 
perpendicular and parallel to the shear direction. After 
manufacturing, the pins were sintered at 1500ºC for 2 hours 
and fixed to the metal support with adhesive (AralditeTM, 
Tekbond, SP, Brazil) which cured over 24 hours followed 
by heat treatment for 2 hours at 100ºC. The experimental 
conditions were as follows:

•	 10 N of applied load under atmospheric humidity 
between 45 and 55%;

•	 sliding of the zirconia pin over an alumina disc 
(Sain Gobain Ceramics / Brazil) purity >99%, flat 
surface grinding, Ra 0.25 +/- 0.08 μm;

•	 sliding speed of 1 m/s;
•	 traveled distance of 500 m in each mass loss 

measurement stage;
•	 1.5 km of total distance traveled.
A standard counter-test was performed with a 5 mm 

diameter zirconia ball, HV10 1250, (Tosoh YTZ® Grinding 
medium), fracture toughness of 6,0 MPa.m0,5, firmly fixed 
to a metal support and tested under the same experimental 
conditions as for the AM pins.

2.6. Porosity
Printed samples with layers of 50 µm, 40 µm, 25 µm 

and 10 µm thickness were examined by SEM to evaluate the 
presence of pores and cracks. Each piece was embedded in 
epoxy resin and polished with sandpaper of 150, 320, 600, 

1200, 2000 grit consecutively. Each sandpaper was used for 
5 minutes and its surface was rotated 90º at every sandpaper 
change. After polishing, the samples were heat treated for 
6 min/air at a temperature of 1313°C (Tetch), with heating 
rate of 10°C/min according to the Equation 119.

 0.875  100etch sintT T= ∗ + 	 (1)

where Tetch is the thermal attack temperature (°C), and Tsint is 
the sintering temperature (°C). The samples were metallized 
with gold and observed under a scanning electron microscope. 
(MEV - JSM7500 F, Jeol) regarding the presence of porosities.

2.7. Roughness
Other samples produced with 25μm layer thickness were 

examined under a confocal microscope (Olympus Lext 3D 
measuring laser microscope OLS4100) to measure surface 
roughness (Ra) at 20x magnification.

In this test, two groups were analyzed: samples without 
additional preparation (as-sintered) and after polishing with 
150, 320, 600, 1200, and 2000 grit sandpaper, followed by 
6 µm and 1 µm Diamond Polishing Paste, with each step 
lasting 5 minutes.

3. Results and Discussion

3.1. Effect of solvent on viscosity
The results of the effect of the solvent on the viscosity 

of the ceramic suspension can be seen in Figure 1, where 
the viscosity curves are presented. At all shear rate points at 
which viscosity was measured, the formulation containing 
10% by volume of n-methyl-2-pyrrolidone was less viscous. 
For comparison purposes, a shear rate of 30s-1 is considered 
standard in the literature6,16,21. At this rate, the viscosity of the 
solvent-containing formulation was 22.6% lower than that 
of the solvent-free formulation. Since ceramic formulations 
with high solid loading are very viscous, pyrrolidone, even at 
a low concentration of 10% by volume, significantly reduced 
the viscosity of the formulation, facilitating the formation 
of uniform suspension layers.

3.2. Shrinkage and density of sintered parts
The shrinkages observed in the average dimensions of the 

green parts after sintering were 26.02% in the length direction, 

Figure 1. Influence of solvent on the viscosity of the ceramic 
formulation.
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26.25% in the width; and thickness represented 26.33% in 
the diameter, 26.25% in the width direction and 26.54% in 
the thickness direction. These results are in consistent with 
findings from the literature that examined suspensions with 
similar formulations, but free of solvents16,22. Additionally, 
the shrinkage measured here is even lower than the shrinkage 
reported for formulations that contain solvents15.

The shrinkage of the test specimens is illustrated in 
Figure 2. The average density of the sintered specimens was 
measured at 5.95 g/cm3. Considering the theoretical density26 of 
TZ-3Y-E zirconia at 6.12g/cm3, the relative density of these 
specimens is calculated to be 97.14%. This result is consistent 
with findings from previous publications15,27. This outcome 
confirms that the formulation used in this study produced 
ceramic bodies with high-density after sintering, which is 
crucial for maintaining the stability of the tetragonal phase 
of zirconia ceramics26.

3.3. Mechanical bending test
The average flexural strength was 256 ± 49 MPa. Some 

researchers22 observed approximately 150 MPa of flexural 
strength in specimens with 100 μm layer thickness produced 
with the same formulation, but without solvent. Other authors15, 
in turn, varying the amount of n-methyl-2-pyrrolidone solvent 
between 50% and 79% by volume in the formulation found 
an average flexural strength of 337 MPa in test specimens 
produced with 50 μm thick layers. This apparent advantage 
in the use of high solvent concentration, on the other hand, 
was responsible for high shrinkage of the parts (from 34% to 
36%)15 compared to our results, where a minimum amount of 
solvent was used. In fact, the approximately 26% shrinkage 
observed here is comparable to the results obtained with 
solvent-free formulations16.

In this study, the breaking point in the flexural test 
occurred at the interface between the layers. This finding is 
consistent with observations made by other authors16,28. It was 
suggested16 that the decrease in layer thickness associated with 
the addition of plasticizers to the formulation could increase 
flexural strength. In fact, flexural strength was higher in this 
study compared to that of the aforementioned authors16. 
However, the reduction in the thickness of the deposition 
layer was not enough to prevent the failure at the interface. 
An important consideration is that a balance between layer 

thickness and solvent quantity was identified, resulting in 
intermediate flexural strength values that fall between those 
reported by previous researchers.

Figure 3 shows the variation in flexural strength versus 
sample thickness for the two suspension preparation protocols 
used. Some samples from the planetary speed mixer presented 
remarkable flexural strength, obtaining a maximum value 
that exceeds 730 MPa. However, such samples presented 
an average flexural strength of 336 ± 229 MPa, showing a 
standard deviation much larger than the samples obtained 
from the suspension prepared in the ball mill, which may 
be associated with the excellent homogenization provided 
by the ball mill already reported in related works16,17,19, in 
addition to the greater variation in sample thickness in the 
samples in the planetary mixer, since larger samples are 
more likely to present defects.

3.4. Wear resistance according to the direction of 
layer deposition

The results of the pin-on-disk test regarding the mass 
loss of the ball and pins produced in the perpendicular and 
parallel directions are shown in Figure 4.

The pin manufactured with layers oriented perpendicular 
to the abrasive disc exhibited the highest peak mass loss within 
the first 500 m. This mass loss was over 2.5 times greater than 
that experienced by the pin produced with layers parallel to 
the disc. As the wear test continued, both pin types showed a 

Figure 2. Shrinkage of test specimens: A) before sintering; B) after sintering.

Figure 3. Flexural strength as a function of sample thickness for 
the two suspension preparation protocols used.
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tendency towards stabilization in mass loss. The zirconia ball 
exhibited even greater mass losses, and it was impossible to 
measure the mass loss after 1500 m. By the end of the 1500 m 
test, the pin produced with perpendicular layers displayed 
a volumetric loss rate 53% higher than that of the pin with 
parallel layers. Table 1 presents the volumetric loss rates for 
both the pins and the ball during the first 1500 m traveled.

Although the initial area of ​​the ball is smaller than the area 
of ​​the pin, it has been found that the AM process maintains 
exceptional wear characteristics for the zirconia when 
following the concept of design for additive manufacturing 
(DFAM), specifically in relation to the friction force acting 
tangentially to the deposited surface. The evaluation of the 

friction force between the pins and the ball revealed that the 
friction coefficient tends to stabilize at the average value of 
0.6 for all samples. However, this value was only reached 
by the pin produced with layers parallel to the disc after 
1500 m of testing. This result confirms that this was the 
most wear-resistant sample. In contrast, the ball exhibited 
a friction coefficient of 0.54 already in the first 500 m of the 
course, being the least wear-resistant sample.

3.5. Porosity
Figure 5 shows the images generated by SEM with 10x 

magnification to evaluate the presence of pores and cracks 
in samples with different layer deposition thicknesses.

The SEM showed that the surfaces were free of cracks 
and had no porosity detected for the samples with 50 µm, 
40 µm and 10 µm layer thickness. The surface of the sample 
produced with 25 µm layer thickness showed small, uniform 
and homogeneous pores, the largest of which was around 

Figure 5. SEM images (10x) of samples with layer thicknesses of: a) 50 µm; b) 40 µm; c) 25 µm and d) 10 µm.

Figure 4. Loss of mass along the distance traveled by the pins 
and the sphere.

Table 1. Volumetric loss rate of samples in the first 1500 m traveled.

Sample Loss rate in the 
first 1500 m

Relative loss rate 
(%)

Perpendicular layers pin 0.46. 10-5 153
Paralel layers pin 0.3. 10-5 100

Sphere 0.41. 10-5 135
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0.3 µm. This sample may have presented an atypical and 
non-representative behavior, which suggests that the layer 
thickness does not interfere with the surface porosity in 
relation to the layer stacking direction. Furthermore, the 
bonding between layers was so uniform in all samples 
subjected to SEM analysis that it was not possible to identify 
the boundaries between layers in the cross section of the parts 
after the sanding and polishing process, unlike what was 
observed by other authors22,29,30. Given these observations, 
the initial hypothesis that layers with thicknesses ≤ 25 µm 
would promote greater adhesion between layers was not 
confirmed by this study.

Figure 6 shows the SEM image of the fracture surface of 
a printed sample with a layer thickness of 25 µm which was 
subjected to the bending test. The fracture surface showed 
low porosity (0.15%) and no cracks, with small uniform 
and homogeneous pores, the largest of which measured 
0.6 µm. A SEM analysis of a zirconia dental implant 

produced with the DLP technique in AM with 30 µm layer 
thickness31 evidenced, in addition to cracks, microporosities 
ranging in size from 196 nm to 3.3 μm, therefore, more than 
5 times larger than the largest pore on the fracture surface 
found in the sample in Figure 6.

The explanation given for the occurrence of cracks and 
pores of those dimensions was the possible evaporation of 
the solvent from the ceramic formulation on the exposed 
surface during printing that occurs before the deposition of 
the next layer, which can cause differential shrinkage after 
sintering, causing fissures and porosities. This explanation 
endorses the importance of choosing the appropriate solvent 
for the manufacture of zirconia ceramic formulations.

3.6. Roughness
The average value of surface roughness (Ra) measured 

by confocal microscopy in samples manufactured with 
25 μm layer thickness and without polishing was 0.33 µm. 
Figure 7 shows the confocal microscopy image obtained 
from the surface subjected to roughness analysis.

This obtained roughness was much lower than the value 
found by other authors in zirconia parts (TZ-3YS-E) produced 
by DLP (1.59 µm)31. Surface roughness becomes particularly 
relevant when the manufactured part will have a biological 
use, as in the case of intraosseous implants, prostheses and 
intraoral accessories, because they come into contact with 
bacterial contamination pathways that can favor the growth of 
biofilms on their surfaces. Although a classic publication32 found 
that surfaces with roughness values ​​above 0.2 μm are more 
predisposed to the adhesion of microorganisms, the authors 
emphasized that roughness is not the only parameter to be taken 
into consideration in this analysis, since on smooth surfaces, 
as long as they present high surface energy and wettability, 
there may also be deposition of bacterial biofilm33.

Figure  8 shows confocal microscopy images of the 
surface of a zirconia part manufactured by AM with a layer 

Figure 6. SEM image of the fracture surface of a sample produced 
with layer thickness of 25µm.

Figure 7. Confocal microscopy of the surface of a sample produced with a layer thickness of 25 µm (scale: 100 µm). Both images refer 
to the same region of the part.
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thickness of 25 µm after polishing. The surface roughness of 
this part showed an average value of 0.032 µm, therefore six 
times lower than the value above which bacterial adhesion 
can be expected. This demonstrates that, although AM of 
zirconia, nowadays, is not capable of manufacturing parts 
with roughnesses smaller than 0.2 µm, polishing the surfaces 
produces surfaces smooth enough to avoid this accumulation.

3.7. Case study
Printed samples of dental brackets are shown in Figure 9, 

with a) depicting the 3D model and b) displaying the printed 
and sintered samples. The printing setup was 50 μm for 
thickness layer and 20s of exposition time to light.

The average coefficient of friction presented by the 
stainless-steel bracket was 0.19, while the coefficient of 
friction generated by the zirconia bracket presented an 
average value of 0.37 (1.94 times higher). The discussion 
of these results was hampered by the lack of data in the 

Figure 8. Confocal microscopy of the polished surface of a zirconia sample. Both images refer to the same region of the sample (scale 
value: 50µm).

literature evaluating friction between zirconia brackets 
and orthodontic wires. However, some studies have shown 
that, in commercial zirconia brackets, although the friction 
generated is slightly greater in relation to the stainless-steel 
bracket, this friction is still considered low, not significantly 
interfering with orthodontic mechanics34,35, which makes its 
use suitable for this function.

4. Conclusions
The addition of a minimum amount of solvent to the 

zirconia ceramic formulation yielded favorable results, including 
a significant reduction in the viscosity of the formulation, 
which facilitated the formation of uniform layers during 
the AM process; maintenance of post-sintering shrinkage 
within the expected 26%, representing an improvement over 
previous work by the same team, providing higher flexural 
strength compared to solvent-free formulations. In addition, 

Figure 9. Case study of 3Y-TZP dental bracket, a) model and b) printed and sintered samples.
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obtaining parts almost free of porosity and cracks confirms 
that reducing the proportion of solvent and the properties 
of the chosen solvent are important factors for improving 
the quality of the sintered part.

It was concluded that the direction of layer deposition 
influences the anisotropic behavior of the final product. 
Specifically, the direction with the greatest wear resistance 
was found to be parallel to the abrasive disc. This conclusion 
is significant for guiding the manufacturing of parts based 
on their intended functions.

The SEM analysis revealed that the layers were well 
consolidated, making the boundaries between the layers 
indistinguishable. These findings were attributed to the careful 
selection of components and the precise adjustments made 
while producing the suspension in the specified proportions.

The low surface roughness values observed ​​on both 
polished and untreated surfaces after the sintering process 
are particularly significant when a smooth surface finish 
is essential, which is especially important for parts that 
will be used in environments rich in bacteria, such as the 
oral cavity.
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