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The present work addresses the issue of emissions requires it made in resin polymerization processes
at 3D digital light process (DLP) printing. From an emission point of view, both particulate and
chemical emissions are analysed in the form of gases during the DLP printing process. In the paper,
we present first the element, which are study. In second part of the paper, we presented the printer,
material for printing, measuring apparatus for emission and measurement methodology. In the three
part of paper, we made the determinations for gas emissions. Will follow the determinations for
particulate emissions. In the final chapter, the data generated by the printing emissions related to the
problems specific to the laboratory activity and it has made the specific conclusion in rapport with the
printing process.
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Introduction in emision for 3D printing

In the process of technological realization of components through 3D printing, an important component is the protection
of the environment from the space in which the technological process are developed. Several studies conducted for making
component with thermoplastic process determinate the emission. Some of these printing materials affected the
environment. For PLA type material re made study in [1, 3] and/or other to ABS [2, 6] material. Different types of materials
analysed comparatively [4, 5]. For the study of emissions in the 3D printing process on the DLP principle, we made a
study to follow both the print process and post print phases. In the study were followed both the elements specific to
temperature and humidity in the printing process and the components of gaseous and particulate emissions emitted. For
particle it is determinate the PM2,5 (Fine Particulate Matter) and PM10 (Coarse Particulate Matter) of emission. For air it
is determinate the TVOC (total volatile organic compounds) and HCHO (Formaldehyde). The AQI air is determinate in
the same time.

Considerations on the printer, matherial for printing and aparat for determineted of emision for 3D printing

For the printing are used a 3D printer type Anycubic Photon (Figure 1.). The used printer are printing probe for study
the modification of rectangular parts in 3D printing process.

For printing, we used a specific resin for printing (Figure 2.). It is a green transparent resin type Anycubic.

Fig. 1. Printer for made probes in Fig. 2. Printer, resin and apparatus for made
the 3D printed process probes in the 3D printed process

For measurement of the emission an apparatus are used. It can determine all the elements mentioned in the first part of
the work (Figure 3.). It is possible to see that the apparatus JBL-B600 [7] ensures the determination of the intended
emission elements.

For made the measurement are designed which was positioned at a distance of 160 mm from the 3D printer (Figure
4.). The printer although it is equipped with a ventilation and filtration system emits unfiltered elements in the atmosphere.
This is the principal motive for this experiment.
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Fig. 3. Apparatus for determinate emission Fig. 4. System for determinate emission
in the 3D printed process in the 3D printed process

With these defined elements, we are conduct the process of made the experiment and processing the data obtained by
measurements performed during the printing process.

With these defined elements, we made the experiment. For processing of data obtained by measurements performed
during the process of processing of the problems. It should note that in the case of DLP but also for the SLA, process has
two distinct phases. The first phases is the effective print. Second, one is the cleaning process of probe. In both phases, we
made the measurement of emission.

Considerations on gas emision in the 3D printing DLP process

The first of the analysed and determined elements was that of HCHO-type emissions. In the printing process we
determinate the emission at approximately equal time intervals of 2 to 5 minutes throughout the print process. Based on
the measured values made we generated the specific graphics for linear and polynomial regression equation. The equations
are solve with EXCEL 2013 educational solution. It is possible to see that for linear regression the R solve value is smaller
than 0.95 (Figure 5.), but for polynomial regression equation 4 degree (Figure 6.) the R value are 0.952 which is in the
value domain for trust.
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Fig. 5. Linear representation for HCHO emission on 3D printed part Fig. 6. Polynomial representation for HCHO emission on 3D
printer part

In the analysis of the representation of graphic values data, it is possible to conclude that the proxy linear data
arrangement observed in closed escape for printing for HCOH. The maximum value in 80 minute for printing are 0.055
milligrams in meter cubic.

The second air component determinate, analysed and plotting was that of TVCO-type emissions. In the printing process
we determinate the emission at approximately equal time intervals of 2 to 5 minutes throughout the print process. Based
on the measured values made we generated the specific graphics for linear and polynomial regression equation. The
equations are solve with EXCEL 2013 educational solution. It is possible to see that for linear regression the R solve value
is smaller than 0.95 (Figure 7.), but for polynomial regression equation 3 degree (Figure 8.) the R value are 0.9614 which
is in the value domain for trust.

In the analysis of the representation of graphic values data, it is possible to conclude that the proxy linear data
arrangement observed in closed escape for printing for TVOC. This value are proxy similar like dispose of HCOH value.
The maximum value in 80 minute for printing are 0.363 milligrams in meter cubic. This maximum is greater than HCOH
value by seven or value.
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Fig. 7. Linear representation for TVOC emission on 3D printed part Fig. 8. Polynomial representation for TVOC emission on 3D

printed part

If we take as a reference the information in [8, 9] then it can be observed that gas emission limits are half the reference
value for HCHO (0.100 mg/m3). The emission value is less but very close to that for ABS (0.055 mg/m3 at 0.069 mg/m3).
If we compare the values obtained for TVOC it is possible to see that compared to the reference (0.5 mg/m3) the maximum,
value obtained by (0.363 mg/m3) is almost twice as low. If we compare the value for resin with that for ABS (0.635 mg
/m3), it may be observed to be less than twice.

From the analysis carried out it is possible to say that from the point of view of gas emissions for resin the risks are
lower than in the case of printing for ABS. However, it is possible to say that for laboratory work, resin printing we
recommended to working in closed systems with additional filtering and ventilation elements.

Considerations on particles emision in the 3D printing DLP process

The first of the analysed and determined elements was that of PM 2.5 particle emissions. In the printing process we
determinate the emission at approximately equal time intervals of 2 to 5 minutes throughout the print process. Based on
the measured values made we generated the specific graphics for linear and polynomial regression equation. The equations
are solve with EXCEL 2013 educational solution. It is possible to see that for linear regression the R solve value is smaller
than 0,95 (Figure 9.), but for polynomial regression equation 4 degree (Figure 10.) the R value are 0.4241 which is smaller
than the value domain for trust equation.
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Fig. 9. Linear representation for PM 2.5 emission on 3D printed part Fig. 10. Polynomial representation for PM 2.5

emission on 3D printed part

In the analysis of the representation of graphic values data, it is possible to conclude that the distribution of the data
value are dispose between a minimum 3 pg/m? and a maximum of 5 pg/m? value with alternant period of time of emission.
The slightly decreasing trend for PM 2.5 can be observed during the resin printing process. The maximum emission value
for PM 2.5 (5 pug/m?) is less than the reference value (55.5 pg/m?®) about 11 times.

The second of the analysed and determined elements was that of PM 10 particle emissions. In the printing process we
determinate the emission at approximately equal time intervals of 2 to 5 minutes throughout the print process. Based on
the measured values made we generated the specific graphics for linear and polynomial regression equation. The equations
are solve with EXCEL 2013 educational solution. It is possible to see that for linear regression the R solve value is smaller
than 0.95 (Figure 11), but for polynomial regression equation 4 degree (Figure 12.) the R value are 0.4276 which is smaller
than the value domain for trust equation.
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Fig. 11. Linear representation for PM 10 emission on 3D printed part ~ Fig. 12. Polynomial representation for PM 10 emission on 3D printed part

a

In the analysis of the representation of graphic values data, it is possible to conclude that the distribution of the data
value are dispose between a minimum 7 pg/m?® and a maximum of 10 pg/m3 value with alternant period of time of
emission. The slightly decreasing trend for PM 10 it is possible to see during the resin printing process.

If we take as a reference the information in [8, 10] then it can be observed that PM 10 limits are 10 pg/m?®. The reference
value for PM 10 is double like PM 2.5 (55,5 pg/m® * 2 = 111 pug/m3). The emission particle value is less but very close to
that for ABS (76 pug/m?®) about 7 times.

To highlight the determined values we will present two of the measurements made. The first one on the left (Figure
13.) for the beginning of the processing. The second one on the right (Figure 13.) for the end of the processing. It is
possible to see that changing temperature and humidity during the process is insignificant as a value.

R L 4 v \
Fig. 13. Value for emission on 3D printed part left start Fig. 14. Probes with apparatus of measure emission in left part and
print, right final print probes to cleaning in right part

Considerations on emision in the postprintig DLP process

The 3D resin printing process has a subsequent phase of dissolution of adherent resins on the surface of the printing
process is carried out (Figure 14.). On the left side of (Figures 14.), it is possible to see the emission measuring apparatus
and in front at left the printed probes. The plate with 3D printed probes after extracting the plate from the printer presented
in figure. In the right part of the aforementioned figure, it is possible to observe, the probes introduced in the cleaning
medium. Due to its chemical composition and emitted emissions, large increases in gaseous values are produce and put in
(Table 1.). The values coloured in the table in yellow are the ones from the completion of the print.
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Table 1
VALUE FOR EMISSION HCOH AND TVOC AFTER PRINTING
AT DIFFERENT TIME FROM STOP PRINTING

Time 4| 10| 17| 18| 20 22 271 28| 30
HCHO  |0,055|0,058|0,062|0,780|0,041|2 888 2,884|2 888|0,147
T™VOC 0360|0402 (0,446(3,871|5127|9,999| 9.009|9,999)0,785

The graphical representation of the data from the table mentioned can be seen in (Figure 15.) with the specific
regression equations. Both types of emissions present increased values in the portion of time between 20 minutes and 30
minutes after extracting the samples from the printer. For HCOH the value of 2.888 mg/m? is 29 times higher than the
allow ability limit. For TVOC the value of 9.999 mg/m? is 19 times higher than the allow ability limit.
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Due to the observation presented, we recommended that the cleaning process carried out in outdoor spaces or well-
ventilated enclosures to reduce the harmful effects of emissions. The values coloured in the table in yellow are the ones
from the completion of the print.

Table 2
VALUE FOR EMISSION PM 2.5 AND PM 10 AFTER PRINTING
AT DIFFERENT TIME FROM STOP PRINTING

Time 4| 10| 1F| 18| 20| 22 27 29 30
PM2.5 5 3 - 5 4 5 [ 5 5
PRI a 7 2 ] B 0 10 ] )

Not the same effect it is possible to see on the part of particle emissions from (Table 2.). Particle emission are keep it
in the same value like printing part.

Conclusions

The present study intended to be a beginning of research on the generation of study emission in 3D printing process.

From the analysis carried out it is possible to say that from the point of view of gas emissions for resin the risks are
lower than in the case of printing for ABS. However, it is possible to say that for laboratory work, resin printing we
recommended to working in closed systems with additional filtering and ventilation elements.

The study identified the mandatory restrictions to consider for the use of technology in student laboratory conditions
and not only.

It is important to noted that many studies address this 3D resin printing process especially from the medical field [11 -
15] but also from the industrial domain [16] why the work done is of major importance in relation to the working conditions
in these areas
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