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Abstract. Modern technologies of Additive Manufacturing type allow for the obtaining of the
metal components specific to medical prosthetics in the best conditions. Selective Laser
Melting (SLM) method is frequently used in dental medicine since there is an obvious trend to
replace the classical casting techniques especially for non-noble Co-Cr alloys. According to the
values of processing parameters (SLM) there will be parts having different roughness of the
exterior surfaces. The conducted studies analysed the influences exercised by three process
parameters (laser power — P, scan speed — Vscan and exposure time — te) on roughness amplitude
expressed by value (Ra). By combining the three distinct values adopted for each parameter we
made nine sets of lamellar samples on whose non sandblasted surface, surface sandblasted
once and surface sandblasted in two successive stages we carried out roughness measurements.
Based on the results obtained for (Ra) parameter we formulated some recommendations for the
technological parameter values that may provide surface roughness adequate to the subsequent
destination of the processed parts (SLM).

1. Introduction

Selective Laser Melting represents a fast prototyping method that has been developed ever since the
end of the 1980s and it applies to a large number of alloys [1-4]. SLM technology for the processing of
metal powders is recommended to obtain parts with high density without the need for a subsequent
thermo mechanical processing [5]. During SLM processing the powder particles of the alloy are
completely melted by means of a laser beam having different energy/power values [6]. After that the
solidification of the metal bath from liquid phase takes place thus resulting physical-chemical and
mechanical characteristics dependent on the processing technological parameters [7-10]. SLM
technology allows for the obtaining of metal parts with complex geometries [11-13] due to the
CAD/CAM character of processing [14,15]. For CAD component, the 3D design and the creation of
(.stl) file of the final part is necessary whereas the CAM component refers to the actual processing of
the part on a piece of special equipment [16-18]. In these conditions, 3D printing or RP (Rapid
Prototyping) technology is recommended in the manufacturing of parts for diverse industrial domains,
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including the metal components intended for medical prosthetics, in general, and implicitly in dental
prosthetics [19-22].

The surface quality and the mechanical properties of metal parts will be influenced by the
technological parameters specific to SLM processing: laser beam power, scan speed, and exposure
time [23-26]. The values of these parameters require an optimization process in order to obtain the
best functional and durability characteristics in the use of the products obtained [27, 28].
Consequently, laser processing parameters will require a rigorous control that will also allow for the
obtaining of the most favorable values of roughness for the resulted surfaces. This way, some finishing
operations applied after SLM processing will be eliminated partially or totally [29, 30].

The goal of these experimental researches is determined by the study of the influences exerted by
three technological parameters of SLM processing, namely laser power (P), scan speed (vscan) and
exposure time (tc) on the roughness of exterior surfaces in non sandblasted state (NS), sandblasted
once (1S), or sandblasted in two successive phases (2S).

2. Experimental determinations

The samples required for experimental determinations were obtained by the SLM processing of the
Co-Cr alloy powder [31], on a SLM 50 equipment (Realizer GmbH, Germany) [32]. The manufacturer
has indicated the chemical composition for this metal powder in Tabel 1. The same table shows the
percentage values obtained by SEM-EDX analysis.

Table 1. The chemical composition of the Co-Cr alloy powder.

Nominal values of alloy composition, [%]

Chemical composition Co cr W Mo si Other elements:
C, Fe, Mn

Prescribed 59.00 25.00 9.50 3.50 max.1 max.1.5

Determined 59.20 27.50 9.10 4.00 - 0.20

The experimental determinations were carried out with a Brucker analyzer installed on the Tescan
Vega |1 electronic microscope, thus being recorded the distribution of the chemical elements onto the
micro-area of interest (Figure 1) and the EDS spectrum of the Co-Cr alloy powder particles (Figure 2).
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Figure 1. The distribution of chemical elements onto the analysed micro-area:
a — morphology of powder particles; b — micro-area for chemical analysis.
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Figure 2. The EDS spectrum of the Co-Cr alloy powder particles.

The analysis of SEM images has allowed the morphological characterization of the shape and size
of the used metal powder particles, Figure 3.

It has been found that, mainly, the "Splat Cap" morphology particles are present, characterized by
considerable protuberances. "Satellited" particles with numerous protrusions of different size were
also observed at the level of the outer surface. In terms of shape and size, spherical and spheroidal
particles are predominant, having the following size values:

Imax / Imin=1,0...1,2, for spherical particles and,;

Imax / Imin = 1,5...2,2, for spheroidal particles.
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Figure 3. Morphology of Co-Cr alloy powder
particles.

These characteristics of the powder particles will influence the contact between the outer surface of
the samples and the working table of the Hobson-Taylor equipment. Obviously, an incorrect contact
between the two surfaces will result in roughness measurement errors.

The paper addresses the influence of some technological parameters (P, Vscan and t;) on the
roughness of surfaces obtained by Selective Laser Melting processing. Three distinct values were
established for each technological parameter under study (Table 2).

The thickness of the metal powder layer was maintained at the constant value: gswat = 25 um. Based
on these values we adopted nine sets of processing technologic parameters (Table 3).



International Conference on Innovative Research - ICIR EUROINVENT 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 572 (2019) 012054 doi:10.1088/1757-899X/572/1/012054

Table 2. Values of SLM processing technological

parameters.
P, [W] P1=100 P2=80.30 P3=60.61
Vscan [MM/s] v1=333 Vo =500 vz = 1000
te, [LIS] t;=20 t, =40 t3 =60

Table 3. Sets of technological parameter values.

Nr. crt 0L 03 05 07 09 11 13 15 17
P,[W] 100 100 100 80.30 80.30 80.30 60.61 60.61 60.61

Vsean, [NM/S] 500 1000 333 500 1000 333 500 1000 333
te, [Hs] 40 20 60 40 20 60 40 20 60

For each set of technological parameters, we made three lamellar samples having the sizes of (40 x
3 x 0.5 mm):

- a control sample marked (NS);

- a sample subsequently sandblasted with white electro-corundum marked (1S);

- a sample successively sandblasted with white electro-corundum and glass balls marked (2S).

Sandblasting was conducted on Renfert BasicEco equipment (Renfert, Germany) [33], by using

white electro-corundum with F100 granularity and working pressure p = 3.5 +4 bar and glass balls
(d=70...110 um) for a pressure p =2.5 bar. Sandblasting was applied to reduce and to render the
roughness of initial surfaces uniform (after SLM processing).

Measurements of surface roughness were conducted on a special piece of equipment (Taylor
Hobson) fitted with a 2 um nose radius feeler [34-36].

The conditions in which these determinations were conducted were:

- sampling length: Ac =0.8 mm;

- profile assessment length: I,=5-A:=4 mm;

- profile scanning speed: Vscan = 0.5 mmy/s.

Roughness parameter was Ra [um] and it was an amplitude parameter representing the
Arithmetical Mean Height of the evaluated profile which can be calculated with the equation:

Ra=2["\z(a)|d
a=_Jylz(a)ldx "

Which written in discrete form becomes:

Rﬂ:EF:'_[RF[] (2)

n

Where: (Ryi) — is the height of profile in discrete points (i);
n —number of discrete points

3. Experimental results
Roughness measurements were carried out on two distinct lines on the surface of each sample.
Average values of experimental determinations are given in Table 4.

The analysis of experimental values was conducted through their grouping:

Ra= f(P), vscan = 500 mm/s and te = 40 us corresponding to sample sets (01, 07 and 13);

Ra = f(P), vscan = 1000 mm/s and te = 20 us corresponding to sample sets (03, 09 and 15);

Ra = f(P), vscan = 333 mm/s and te = 60 ps corresponding to sample sets (05, 11 and 17).
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Table 4. Average values of roughness (Ra) measured on exterior surfaces.
Set  Surface Ra, SetNo Surface Ra, SetNo Surface Ra,

No status [um] status [um] status [um]
NS 7.07 NS 8.10 NS 9.65
01 1S 5.00 07 1S 4.50 13 1S 5.81
2S 4.50 2S 4.14 2S 5.3
NS 8.63 NS 8.81 NS 9.66
03 1S 591 09 1S 6.00 15 1S 7.45
2S 5.00 2S 5.40 2S 6.14
NS 7.13 NS 7.40 NS 9.42
05 1S 4.76 11 1S 4.16 17 1S 5.74
2S 4.28 2S 3.87 2S 5.13

The phase evolution of roughness profiles and the values of roughness variations measured on the
non sandblasted samples, sandblasted once (1S) or twice (2S) — Figure 4 allowed us to determine the
variations of (Ra) parameter through the application of the following calculation formulae:

Ra, = Rays — Ray,; [um] 3)

Ra, = Rays— Ray,; [um] ()

ARay = % -100; [%] ©)

ARay = 2. 100; o] ©
Rayzg

ARa;,

Rays

Ra,g

v
Ir ,[mm]

Figure 4. Evolution of roughness profiles of exterior surfaces of the (SLM)
processed parts; 1-roughness profile for non-sandblasted surface (Rans); 2—
roughness profile for the surface sandblasted with white electro-corundum (Ras);
3-roughness profile for the surface sandblasted successively with white electro-
corundum and glass balls (Ray).

Based on the experimental results presented in Table 3 we traced the variation curves Ra = f(P) for
all (SLM) processed samples: non sandblasted (NS) — Figure 5, subsequently sandblasted (1S) —
Figure 6 and successively sandblasted (2S) — Figure 7.
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Tables 5, 6 and 7 give the values of ARa; and ARa; variations calculated for the three groups of
sample sets.

Table 5. Reduction of roughness values through sandblasting (1S) or (2S)
after (SLM) processing.

Reduction of roughness values

Sample set  Surface status ARa; ARa;
[um] [%] [um] [%]
NS 0 0 0 0
01 1S 2,07 29,28 - -
2S - - 2,57 36,35
NS 0 0 0 0
07 1S 3.60 44.44 - -
2S - - 3,96 48,88
NS 0 0 0 0
13 1S 3,84 39,79 - -
2S - - 4,34 44,97
g 101\ !
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Figure 5. Roughness variation (Ra) for sample surfaces obtained by
(SLM) processing — NS or subsequently sandblasted (1S) and (2S);
sample sets (01, 07 and 13).

Table 6. Reduction of roughness values through sandblasting (1S) or (2S) after
(SLM) processing.

Reduction of roughness values

Sample set Surface status ARai ARa;
[um] [%] [um] [%]
NS 0 0 0 0
03 1S 2,72 31,51 - -
2S - - 3,63 42,06
NS 0 0 0 0
09 1S 2,31 31,89 - -
2S - - 3,41 38,70
NS 0 0 0 0
15 1S 2,21 22,88 - -

2S - - 3,52 36,43
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Figure 6. Roughness variation (Ra) for sample surfaces obtained by
(SLM) processing — NS or subsequently sandblasted (1S) and (2S);
sample sets (03, 09 and 15).
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Figure 7. Roughness variation (Ra) for sample surfaces obtained by
(SLM) processing — NS or subsequently sandblasted (1S) and (2S);
sample sets (05, 11 and 17).
Table 7. Reduction of roughness values through sandblasting (1S) or
(2S) after (SLM) processing.

Reduction of roughness values

Sample set  Surface status ARay ARay
[um] [%] [um] [%]

NS 0 0 0 0

5 1S 2,39 31,51 - -
2S - - 3,63 42,06
NS 0 0 0 0

11 1S 3,24 43,78 - -
2S - - 3,53 47,70
NS 0 0 0 0

17 1S 3,68 39,06 - -
2S - - 4,29 45,54
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The effects of sandblasting in two phases (2S) on the roughness of (SLM) processed samples may
be seen by calculating variation (ARa).

ARa = ARa; — ARay, ;) (7)

.ﬂRﬁ:_.ﬂRﬁ'_

ARa = 100 ; [%] 8

4. Discussions

From the analysis of presented results we have noticed the highest values of roughness (Ra) were
obtained after (SLM) processing with the parameter set P =60.61W; Vscan = 1000 mm/s, and te = 20 ps
(set 15).

Through white electro-corundum sandblasting after (SLM) processing the height of surface profile
decreased very much, an effect seen in the reduction by 44.44 % of the initial value of roughness
(ARay, for the set 07). After the application of successive sandblasting with white electro-corundum
and glass balls after (SLM) processing we obtained the most significant reduction of initial roughness
(ARay = 48.88 %, for the set 07).

(SLM) processing of Co-Cr powder by using the medium values of technological parameters
helped obtaining the best sandblasting effects thus registering the highest values for ARa; and ARa.
The adoption of combinations formed with extreme parameter values (Vscan =1000 m/s and te = 20 ps)
determines the reduction of sandblasting effects while noticing that ARa; and ARa, variations are
lower than for other used sets.

The analysis of values of ARa; and ARay variations highlight the fact that the first sandblasting
phase (white electro-corundum sandblasting) results in the significant reduction of height of roughness
profile whereas the second phase (ball sandblasting) mainly produces a uniformization of surface
roughness. The confirmation of these aspects results from the calculation of roughness value (ARa)
registered between sandblasting phases, and the values obtained are given in Table 8.

Table 8. Reduction of roughness value (ARa) after successive phase sandblasting.

Values of (SLM) processing  Reduction of roughness values after sandblasting

parameters phases
Sample set = = Tmmis] o (W] ARa; ARa; ARa

te, [s] ’ [um]  [%]  [um]  [%] [um]  {%}

01 100.00 257 36.38 207 2928 050 19.45
Vscan = 500 mm/s

07 40 80.30 396 4888 3.60 4444 036  9.09

13 =K 60.61 434 4497 384 3979 050 1152

03 100.00 3.63 4206 272 3151 091 2506
Vscan = 1000mm/s

09 90 us 80.30 341 3870 231 3189 1.10 3226

15 = cUH 60.61 352 3643 221 2288 131 37.21

05 100.00 3.63 42.06 239 3151 124 3415
Vscan = 333 mm/s

11 60U 80.30 353 47.70 324 4378 029 821

17 = OUH 60.61 429 4554 368 39.06 061 14.21

Significant reductions of roughness values after sandblasting with white electro-corundum were
obtained for (SLM) processing with medium or low values of the technological parameters (ARa;=
3.84 pm — for the set 13, and ARa; = 3.68 pum for the set 17). The use of high values for the three
parameters (sets 1 and 15) reduces the efficiency of the first sandblasting (ARa;= 2.07 um — for the set



International Conference on Innovative Research - ICIR EUROINVENT 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 572 (2019) 012054 doi:10.1088/1757-899X/572/1/012054

1, and ARa; = 2.27 pm for the set 15). This aspect may be explained through the hardening effect of
the surface likely to appear during (SLM) processing with high powers of the laser beam (P= 100W)
or high values of the scan speed (Vscan = 12000 mm/s) and short exposure time (te = 20 ps).

The sets made of:

- high or medium values of parameters (P) and (t:) combined with a low value for (Vscan), Or

- low values of parameters (P) and (t) combined with a high value for (Vscan)

helped obtaining the most important effects for two-step sandblasting:

ARa = 37.21 % - for the 15, ARa = 34.15 % - for the set 05 and ARa = 32.26 % - for the set 09.

5. Conclusions
The action of SLM processing technological parameters P, vsan and te on the roughness of exterior
surfaces obtained in the processing of Co-Cr metal powder was studied in this paper. Among the
parameters specific to roughness amplitude we considered the arithmetic mean of the profile under
evaluation (Ra).

Based on the values of experimental results we may formulate the following conclusions:

e SLM processing was carried out with three distinct values for each technological parameter P, Vscan,
te. After SLM processing, the obtained surfaces were sandblasted once (1S), in two successive phases
(2S), or they were not sandblasted at all (NS).

e for each sandblasted sample we calculated roughness variations (ARai) and (ARay) in relation to
nonsandblasted surfaces. The analysis of values obtained for parameters (ARa:) and (ARay) showed
that the use of a high power of the laser beam (P = 100 W) in combination with high scan speed (Vscan
= 1000 mm/s) and short exposure time (te = 20 us) resulted in a surface with high roughness.

o the use of glass ball sandblasting after white electro-corundum sandblasting produced
supplementary reductions of the height of the exterior surface relief. The highest total variations of
roughness were ARa; = 4.29 pm — for the set 17 and ARay= 4.34 pm — for the set 13. These results
show that the efficiency of double sandblasting increases for the SLM processed samples with low
values of laser power and medium values of the other two parameters (Vscan) and (te).

¢ conducting micro-hardness measurements on the transversal section of the samples would allow for
the identification of a potential process of hardening of the material once with the increase of value of
SLM processing parameters, a fact that might considerably diminish the sandblasting effects.

¢ double sandblasting helps obtaining the lowest roughness values, a fact that will contribute to the
subsequent reduction of the quantity of ceramic material applied on the exterior surface provided that
an adequate value of adherence between the ceramic layer and the metal sub-layer is ensured.

o Implications and influences

The performed research aimed at identifying the influence of sandblasting on the roughness of
surfaces obtained by SLM processing. The study follows the evolution of the values obtained for the
Ra parameter, after SLM processing, after simple sandblasting with white electrocorundum (1S) and
after successive sandblasting with white electrocorundum and glass beads (2S). We found that simple
sandblasting had the effect of significantly reducing the roughness profile, while the second step of the
sandblasting produced a rounding of the asperities peaks, without significantly affecting their height
(ARa»< ARaz). These influences will be further developed, when the adhesion between the ceramic
layer and the metal substrate will be analysed within the stage of ceramic plating of dental prosthesis
components.

The performed experiments made it possible to determine the most favourable value combinations
of the technological SLM processing parameters capable of providing, after sandblasting processing,
an optimal roughness for the outer surfaces of the metal substrate. 9 sets of values were used for the
SLM processing parameters (P, Vscan, te) and two sandblasting variants were applied: simple (1S) with
white electrocorundum and sequential (2S) with white electrocorundum and glass beads. The
measurements of roughness (Ra) have shown the efficiency on the surface quality of each stage in the
sandblasting process. In this way, in the future, it will be possible to choose the most favourable
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technological conditions for both SLM processing and sandblasting, which will allow for optimum
roughness for an efficient ceramic plating.
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