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CONSIDERATIONS CONSIDERING THE EVOLUTION OF GAS EMISSION TYPE
FORMALDEHIDE AND VOLATILE ORGANIC COMPOUNDS IN THE DLP
PRINTING PROCESS WITH ECOLOGICAL RESIN
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ABSTRACT: In this paper, the author proposes an exploratory study in which it is possible to observe the evolution of formaldehyde
emission in a printing process in which mash stereo lithography (MSLA) is used. To conduct the experiment, individual sensors and
a device are used to determine the two types of gas emission. These allow us to observe the evolution of emission in several points
considered in relation to the integrated 3D printing system. From the experimental tests performed at the level of the space in which
the printing process is performed, the change in formaldehyde and volatile organic compound is smaller during the printing process.
It can also be seen that it is important to control and reduce the level of formaldehyde and then to control that which is generated for

the volatile organic compound.
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1. INTRODUCTION

In this study, the author intends to determine if there
is gas emission and the evolution of them in the 3D
printing space wusing mask stereolithography
(MSLA). The role of this paper is exploratory and, at
the same time, with the obtained data, it is possible to
take into consideration that the digital light
processing (DLP) process can be present in the
laboratory in work with the students.

It is important to note that the study of emissions
generated by the process of 3D printing with plant
basis resin is less studied in scientific articles [1,2].
Most of the studies are oriented toward the analysis
of the emissions generated by printing processes
based on the thermoplastic process or/and the laser
beam for particles. In 3D printing processes with
thermoplastic material, some authors determinate the
existence of emission of gases and/or particles at a
different level. Both types of emitted physical
elements can produce various changes in the proper
functioning of the human respiratory system [3,4].
The minimum value of the standard emission
parameter for total volatile organic compounds
(TVOC) is 0.4 * 10°® grams / m® [5].

Some elements used in the printing process can affect
the environment in which the printer or worker is
positioned. Some studies of PLA-type material
emission are carried out with commercial devices [6-
8], and others are studied for ABS [7]. Different
materials were comparatively analysed in relation to
emission in other papers [9,10].
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2. MATERIALS AND METHODS
2.1 Materials and printer

In this study, an eco-friendly resin with ecological
properties of ANYCUBIC type is used [11]. This type
of resin is in accordance with the printer taken into
consideration by the author of this study. For
generating the part body, an ANYCUBIC PHOTON
printer is used [12]. The body of the parts is of gear
type. It has three distinct areas. In the lower part of
the printed structure, there is a compact surface
generated by five layers with an exposure time of 60
seconds. The second part is that of the supports that
has a cylindrical form. The solidification time is in
accordance with the type of resin and in this situation
is 11 seconds per layer. The last part is the gear body,
and this is the largest volume of printed material.

2.2 Sensor for measuring the TVOC and HCHO
emission

For measuring air quality, a system with a device and
various sensors is used. From the last chapter, it is
possible to observe that one must use three important
types of gas sensors. First, the gas sensor is the total
volatile organic compound gases (TVOC). The
second is that for formaldehyde (HCHO). To
determine the level of emission of the same gas, it is
possible to use a commercial apparatus. In this study,
a device is used to measure HCHO and TVOC gas
emission. The data obtained by optical visualisation
from the measuring device are loaded into a
spreadsheet. Data are put in the table at a time of one
minute. The data obtained from the sensors are saved
on an SD card and transferred to a spread sheet in
EXCEL.



From the point of view of the individual sensor, the
first author proposes using a MOX sensor siloxane
resistance type SGP30 type [13] to determine VOC
emissions [14]. The accurate measurement value of
emission has 15% precision and a sampling rate of
one-second value output range from 0 ppb to 60000
ppb for TVOC.

For HCHO, it is possible to use a sensor dedicated to
measuring these formaldehyde elements [15] made
by SeeedStudio — Grove. A WSP2110 sensor is used
to measure the emission [16] with an output range of
1 ppm to 50 ppm. The optimal mathematical
regression equation (1) type power with a percentage
R2 99.78% for HCHO.

ppm= 1.4857(Rs/Ro) (2194 1)

Parallel to the last type of sensor, an MS1100 [17]
was used to detect formaldehyde, toluene, benzene,
and other VOC gases. It is important to note that this
MS1100 sensor is placed at the same time in the
printed space and another in the enclosure. The
optimal ~mathematical regression equation is
polynomial type (2) with a percentage value R2 of
98.63% for HCHO.

ppm=7.4123(Volt)2-25.564(Volt)+17.367 (2)
3. RESULTS
3.1  Evolution of TVOC emission in the printing

process

The SGP30 sensor allows us to determine the
evolution of volatile organic compound gas
emissions. In Figure 2a, we can see the evolution of
emissions for the base area of the printed structure. A
tendency to increase the level with the appearance of
two zones can be observed, one of intermediate
maximum and one of intermediate minimum. In the
area of generating the supports Figure 2b, it can be
seen the existence of two zones of maximum value
with an approximately equal value and of two zones
the last in the final part of the process of printing the
supports with a value approximately equal to that in
the initial phase.

The area of generation of the wheel body is as in the
other cases of measuring this type of emission the
most agitated with a trend line as can be seen in
Figure 1, which is very slightly increasing.

The evolution of emissions determined using the
proposed device could be observed in relation to the
three zones considered in Figure 3a, for the lower part
of the structure and, respectively, in its intermediate
area in Figure 3b. In the first area, the existence of an
evolution with a maximum point can be observed, and
at the end of the analysed area, with a decrease in
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emissions by one third of the value of the increase on
the first analysed part. In the second zone, an
oscillating evolution can be observed with two points
of minimum and two of maximum located at
approximately the same emission value. However,
the trend is to increase the level of emissions.

In the printing part of the wheel, a scattering of the
measured mean values with two points critical of half
a maximum around half thickness of the wheel and of
a minimum in the generation part of the hole in the
cylindrical part of the wheel can be seen in Figure 5.
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Figure 1. The evolution of TVOC emission is determined with
the SGP30 sensor in the printing gear zone.

3.2
process

Evolution of HCHO emission in the printing

The first of the independent sensors used to determine
these types of emissions was the MS1100 type
located inside the closures. In Figure 4a, in the
generated part of the bottom element, the tendency to
emit these emissions decreases by a minimum point
at the printing time of 2 minutes. In the sports printing
area of Figure 4b, a slight increase in emissions can
be observed in the second phase, followed by a
decrease in them in the final part. One of the reasons
for this variation in emissions may be contact with the
solid part in the first interval.

In the area of printing the gear Figure 6, an oscillating
evolution of emissions with areas of high values and
with minimum values can be observed, respectively.
If in the first zone between 50 and 60 minutes the
variations can be attributed to the striated cylindrical
output surface of the gear on the final part of printing,
the decrease in the determined values can be put on
the reduction of the printing surface.

The second of the independent sensors proposed to be
used by the author for the de-termination of these
types of gases emitted was the HCHO, which is
located inside the enclosures. From Figure 8a, in the
bottom generation part of the printed element, the
tendency to emit such emissions increases by a
minimum point at the printing time between 4 and 6
minutes.
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Figure 2. The evolution of TVOC emission determined with the SGP30 sensor (a) bottom; (b) supports.
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Figure 3. The evolution of TVOC emission is determined with the bottom sensor of the device sensor (a) bottom; (b) supports.
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Figure 4. The evolution of HCHO emission is determined with MS1100 (a) bottom; (b) supports.

30



TVOC evolution in ppm
1,600

y = 1E-11x° - 6E-09x° + 9E-07x"* - 4E-05° - 0,0014x” +0,1724x - 2,6716
R?=0,5941
1,400
1,200 )
o’ ‘@
1,000 ]

c 7 -

g e,

£ 0,800 >

9 -,

g - TVOC-CO2
0,600 . I B Poly. (TVOC-C02)
0,400
0,200
0,000

0 20 40 60 80 100 120 140 160

Time in minutes

Figure 5. The evolution of TVOC emission is determined with
the device sensor in the printing gear zone.
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Figure 6. The evolution of HCHO emission is determined with
MS1100 in the printing gear zone.
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In the sports printing area, Figure 8b, it is possible to
observe the existence of a decree zone in the first zone
of the printing process to a minimum value of 15
minutes, respectively, with a linear evolution of
emission in the final part of their printing.

In the last part of the printing that generates the gear
Figure 7, itis possible to see a very high scattering of
the emission values with an interval between a
minimum of almost 50 ppb and a maximum of about
90 ppb. The tendency to emit such emissions is
slightly ascending.
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Figure 7. The evolution of HCHO emission is determined with
the HCHO sensor in the printing zone gear zone.
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Figure 8. The evolution of HCHO emission determined with the HCHO sensor (&) bottom; (b) supports

4. DISCUSSIONS AND CONCLUSIONS

The HCHO data determinate with the MS1100, the
HCHO sensors and the device have different
minimum and maximum values.

From the point of view of the comparative analysis of
the determinate emission of HCHO gases in the
enclosure with the MS1100 sensor, the maximum
percentage is in the gear zone of the printed structure.
Minimum values are in the support zone Figure 9.

MS51100
Min |Max|ATVOC| %
Bottom |0,18| 0,26 0,08 31,58%
Suport |0,21| 0,26  0,05|20,07%
Gear 0,23 0,35 0,12 48,36%
Total 0,25

Zone

Figure 9. Evolution of HCHO gas emission with MS1100.

From the point of view of the comparative analysis of
HCHO gas emission determinate in the enclosure
with the device, the maximum percentage is in the



bottom zone of the printed structure. The minimum
values are in the gear zone, Figure 10.

HCHO
Zone
Min | Max |AHCHO %
Bottom | 0,03 0,15 0,12| 51,09%
Suport 0,09 0,16 0,07 32,25%
Gear 0,05 0,09 0,04 | 16,66%
Total 0,23

Figure 10. Evolution of HCHO gas emission with HCHO.

From the point of view of the comparative analysis of
HCHO gas emission determinate in the enclosure
with the device, the maximum percentage is in the
gear zone of the printed structure. The minimum
values are in the bottom zone Figure 11.

Device
1 Zone -
Min | Max |[AHCHO| %
Bottor|] 0,017 0,087 0,07|23,26%
Suport| 0,078 0,154 0,08( 25,25%
Gear | 0,037| 0,192 0,16|51,50%
Total 0,30

Figure 11. Evolution of HCHO gas emission with a device.

From [18] a good value for HCHO is presented in
Figure 16 according to the table data Figure 14. From
the comparative analysis of the emissions for the
sensors considered to achieve the determination of the
emission level, all three sensors warn of a medium-
level polluted area in the support area and less
polluted in the other two.

The VOC data determinate with the WSP2110 sensor
and commercial apparatus have different minimum
and maximum values.

From the point of view of the comparative analysis of
TVOC gas emission determinate in the enclosure with
the device, the maximum percentage is in the gear
zone of the printed structure. The minimum values are
in the supports zone Figure 12.

S5GP30
Zone .
Min Max ATVOC %%
|Bottom 0,01 0,56 0,55 32,98%
Suport 0,37 0,60 0,23 13,79%
|Gear 0,36 1,25 0,88 53,23%
| Total 1,66

Figure 12. Evolution of TVOC gas emission with SGP30

From the point of view of the comparative analysis of
TVOC gas emission determinate in the enclosure with
the device, the maximum percentage is in the gear
zone of the printed structure. The minimum values are
in the bottom zone, Figure 13.

I Device
1 Zone -

Min Max | ATVOC %
leottom [ 0,123 0,607 0,48 20,91%
|5uport 0,571 1,133 0,56 24,28%
|Gear 0,074 1,342 1,27 54,81%
[Total 2,31

Figure 13. Evolution of TVOC gas emission with device

Zone MS51100 HCHO Device MS1100 HCHO Device
Moderate Slight —,
Bottom |0,18 to 0,26 |0,03 to0,15 (0,017 to 0,087 | Pollution Pollution
Maoderate Slight Slight
Suport |0,21to 0,26 (0,09 to 0,16 (0,078 to 0,154 | Pollution Pollution Pollution
Moderate Slight
Gear 0,23 to 0,35 |0,05 to 0,09 |0,037 t0 0,192 | Pollution s Pollution

Figure 14. AQI for HCHO gas emission.

From [18] a good value for TVOC is presented in
Figure 16 according to the table data Figure 15. A
perfect air quality concordance can be observed for
the first printed areas and a difference between the
values in the last two zones. In view of the data
obtained, it can be said that from the point of view of
TVOC emissions there are small problems with air
quality in the printing space in the printing process.

Zone SGP30 Device SGP30 Device
Bottom |0,01 to 0,56 |0,123 to 0,607 Good Good
slight slight
Suport (0,37 to 0,60 (0,571to 1,133 | Pollution |Pollution
slight slight
Gear |0,36to0 1,250,074 to 1,342 | Pollution |Pollution

Figure 15. AQI for TVOC gas emission.
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Figure 16. AQI for gas emission [18].



In this study, it was aimed to demonstrate that it is
possible to extend the measured emission elements in
the printing processes with ecological black resin.
With this system, it is possible to determine the
influence of emission on the MSLA or SLA printing
process with resin and to make a comparison between
these two printing processes.

An important aspect emerges, which is that of
controlling emissions, which presents problems such
as those of emissions such as HCHO and TVOC for
printing with black ecological resin.
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