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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Academic communities have been releasing several papers warning that a significant number of particles
and chemical substances emitted from material extrusion (MEX) AM processes commonly used in schools,
private homes and similar non-industrial environments would be hazardous to humans when inhaled and
absorbed into the human body.

However, currently, there is no well-known test method to measure particle and chemical substances emitted
from desktop MEX-TRB/P machines, commonly called "3D printers" installed in the office environment,
classroom, and residential space.

Therefore, the goal of this document is to provide test procedures in line with specific operating conditions
for measunmg particteamdchemicatemissiomr rates emitted fromrdesktop MEXTRB/Pmmachime;also known
as a 3D pripter which is widely used in the national marketplace.

Manufactufrers of desktop MEX-TRB/P machines, also known as 3D printers, will be able-to-take|advantage
of this dociment to develop and improve their products by minimizing particle and cheniical emifsion rates,
and the engl-users also would purchase more safe and improved machines from theanarket.

© IS0 2024 - All rights reserved
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International Standard
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Additive manufacturing of plastics — Environment, health,
and safety — Test method for determination of particle and
chemical emission rates from desktop material extrusion
3D printer

1 Scop

This documment specifies test methods to determine particle emissions (including ultrafine) par
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nent specifies a conditioning method using an emission test chamber with controlled te
ir exchange rate, air velocity, and procedures for monitoring, storage, analysis, calcy
f emission rates.

hent is intended to cover desktop MEX-TRB/P machine which is typically sized for pl4
used in non-industrial places like school, home and office space. The primary purp
s to quantify particle and chemical emission rates fronrdesktop MEX-TRB/P machine,
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[SO 16000-9, Indoor air — Part 9: Determination of the emission of volatile organic compounds from building
products and furnishing — Emission test chamber method

[SO 27891,

Aerosol particle number concentration — Calibration of condensation particle counters

[SO/IEC 28360-1:2021, Information technology — Determination of chemical emission rates from electronic
equipment — Part 1: Using consumables
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52900, Additive manufacturing — General principles — Fundamentals and vocabulary
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/ASTM 52900, ISO/IEC 28360-1
and the following are applied.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO On

31

line browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

loading factor

ratio of th

device volume tothe volume ofthe unloaded Emission Test Chamber

Note 1 to enftry: For the purpose of this standard, the device subjected to the testing is typically a desktop

machine, al{
[SOURCE: 1
3.2

emission test chamber

ETC
enclosure ¥
of particles

Note 1 to entry: For determining the emissions from AM process, typicallcontrolled parameters include

limited to, t
[SOURCE: 1
3.3

differential electrical mobility classifier

DEMC
classifier a

Note 1 to
aerodynam
determined
to differenc

Note 2 to en
[SOURCE: 1
3.4

differential mobility‘analysing system

DMAS
system to

o popularly called a 3D printer
SO/IEC 28360-1:2021, 4.18, modified — “EUT” replaced by “device” and Nete<I to entr

vith controlled operational parameters for the determination of-chemical compounds 4
emitted during the process

bmperature, humidity, air exchange rate, and others

SO 16000-9:2006, 3.6, modified — Terminologicaléntry is changed considering AM pr

ble to select aerosol particles according to their electrical mobility and pass them to it

ntry: A DEMC classifies aerosol particles by balancing the electrical force on each parti
¢ drag force in an electrical field. Classified particles are in a narrow range of electri
by the operating conditions and physical dimensions of the DEMC, while they can have differe
e in the number of charges-that they have.

try: Another common acronym for the DEMC is DMA.
SO 15900:2020,3:11]

conditione

measure the size distribution of submicrometre aerosol particles consisting of

MEX-TRB/P

y added.]

nd amount

but are not

ocess]|

b exit
cle with its

al mobility
nt sizes due

a charge

[, (@)DEMC, flow meters, a particle detector, interconnecting plumbing, a computer a

hd suitable

software

Note 1 to entry: Another common acronym for the DMAS is MPSS (mobility particle size spectrometer).

[SOURCE: I

3.5
light scatt
LSAPC

S0 15900:2020, 3.12]

ering airborne particle counter

instrument capable of counting and sizing single airborne particles and reporting size data in terms of

equivalent

optical diameter

Note 1 to entry: The specifications for the LSAPC are given in ISO 21501-4:2007.

© IS0 2024 - All rights reserved
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SO 14644-1:2015, 3.5.1]

accumulated particle number concentration

C

tlpme-dependent number for the concentration of particles in a specified size range

3.7
total parti

cles

number of particles as calculated based on the measured accumulated particle number concentration (3.6) in

the sample

3.8

d volume and the duration of the particle emission test

particle emrissiomrrate

PER
particles €
accumulatd

39

particle emission yield

Y

particle
number of

3.10
chemical ¢
Ychemical
mass of ch{

3.11
chemical ¢
average mj

3.12
toluene re
toluene eq
(GC-FID) ot

3.13
total volat
TVOC
sum of the
including 1

Note 1 to e
polar capill
response fa

[SOURCE: |

d particle number concentration (3.6) divided by the build time in h

particles emitted per mass of extruded material during the build €yecle

bmission yield

bmical compounds emitted per mass of extruded material during the build cycle

tmission rate
iss of organic compounds emitted from an AMprocess per unit of time

sponse factor
hivalents used to quantify the unidentified substances detected with a flame ionizati
' mass spectrometric detector (GC*MS)

ile organic compounds

concentrations ofddentified and unidentified volatile organic compounds eluting bg
-hexane and n-héxadecane.

try: For a MEXTRB/P-process, the total volatile organic compounds are typically measured
hry GC column and the concentrations of the converted areas of unidentified peaks using
Ctor

S0"16000-9:2024, 3.14, modified — Note 1 to entry rewritten and Note 2 to entry dele

mitted from AM process per unit time (1/h) in a specified size range that is'calculated from

n detector

tween and

1sing a non-
the toluene

ted.]

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=b3922fc55deafaedf72c43a7e8c1c21f

ISO 27548:2024(en)

4 Abbreviated terms and symbols

4.1 Abbreviated terms

ABS Acrylonitrile butadience styrene

CPC Condensation particle counter

DNPH Dinitrophenylhydrazine

FP Fine particles

GC/MS Gas-chromatography/mass-spectrometry

HPLC High performance liquid chromatography

PLA Poly lactic acid

RH Relative humidity

RPD Relative percentage difference

RSD Relative standard deviation

TP Total particles

UFP Ultrafine particles

4.2 Symbpols

B particle loss-rate coefficient (h'1)

Coy arithmetic average of C, (t) between ty,, and tg,, (cm)
C VOC concentration during the/extrusion phase (pg-cm3)
Cy VOC concentration during the pre-extruding phase (ug-cm-3)
L loading factor (m3-m3)

PER(¢) time-dependéntparticle emission rate (s1)

[pe(®)]

PER;, particlé emission rate for an average hour (h?)

(r pe,h)

At time difference between two successive data points (s)
Cotart time when print command sent (s)

Estop time when extrusion ends (s)

r air exchange rate (h1)

P, final test specimen mass after extrusion completes (g)
V. emission test chamber volume (m3)

V, sample volume during the extruding phase (m3)

© IS0 2024 - All rights reserved
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5 Method overview

This document specifies test methods to determine particle and chemical emission rates during the
operation of the desktop MEX-TRB/P machine. Particle and chemical emissions are determined by the
chamber concentration emitted from the operation of the desktop MEX-TRB/P machine inside an ETC where
temperature, humidity, air exchange rate, and air velocity are controlled. Test procedures are divided into
three phases: pre-extruding, extruding and post-extruding.

The observed chamber concentration during the extruding phase is converted to the particle emission
rate per hour or used material mass by mathematical calculations. The procedures for the build conditions
should be under the standard operating conditions (see A.2) of the desktop MEX-TRB/P machine. Chemical
emissions (TVOC and aldehydes) are directly calculated from the chamber concentration as mass per hour.

There are
emissions
the test ca
rates, the A

various reasons for performing these measurements. For example, determining the] maximum
for using machines or comparing emissions from different AM machines. The procédutles used for
h be tailored for the specific purpose of the test. In the case of determining maximuin emission
LM machine should be set at the conditions that result in maximum emissions;wHhich ate typically
the fastest| extruding speed, the thickest layer, and the highest nozzle temperature récommended by the
manufactufrer. For comparing emission rates from different AM machines, the process settings shall be
referred td values that are outlined in Annex A.

6 Requjrements of the instrument for measurement

6.1 General

6.1.1 Emission test chamber (ETC)

[ or absorb
ration, the
they shall

The ETC :[all be designed with stainless steel electropolished materials so that it does not emi
substanceq that can affect measurements during background and AM process tests. During ope
ETC shall be controlled for constant temperature, humidity, and air exchange rate (see 7.1), and

be continu
standards.

General re

tightness
to the emi;f
ETC shall 1

When flow
of the air ¢

procedure

busly monitored by using data logging«<instruments that are calibrated and traceable

guirements for other materials‘eomprising of an air supply system, mixing equipm
hich are used to construct ETC shall be tested in the ETC to confirm that they do not
sion test chamber background concentration through emission or adsorption. The te
ot recirculate chamberfair so as not to have the contaminated air put into the ETC aga

changes are madée-tp chamber air, a tracer gas test shall be performed to confirm th
xchange rate. THewerification process for the test conditions of the ETC such as a tra
and a recoverytest shall be performed in accordance with ISO 16000-9 or ASTM D667

to primary

bnt and air
contribute
st setup of
n.

€ accuracy
fer gas test
0.

6.1.2 Instruments/for chemical analyses

VOC emittdd from MEX operation inside the ETC shall be analysed by thermal desorption GC/MS with the use
of a sorbent like Tenax TA®Y or a multi-bed tube as the one consisting of Tenax® GR plus CarbgpackT™B2),
The multi-bed tube Tenex/Carbopack consists of 30 mm Tenax® GR plus 25 mm of Carbopack™B separated
by 3 mm of preconditioned quartz wool, or one having in equal performance. These are commercially
available prepacked and preconditioned if required.

An electron impact instrument (EI) of GC/MS shall be operated in the scanning mode over a mass range of at
least m/z 35-350. The general analytical method for the emission of VOC from MEX AM machine using ETC
shall be based on ISO 16000-6, EPA Method TO-17, and ASTM D6196.

1) Tenax ® TA is a trademark of “Tenax international B.V”. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the product named.

2) Carbopack™B is a trademark of “Supelco”. This information is given for the convenience of users of this document
and does not constitute an endorsement by ISO of the product named.

© IS0 2024 - All rights reserved
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Benzaldehyde, phenol, and acetophenone are some of the known artifacts present when sampling using
Tenax tubes. Therefore, Tenax TA® should be used with an ozone scrubber to avoid chemical artifact
formations to be formed via oxidation when sampling under high ozone concentrations. The method and
precautions related to GC/MS using a sorbent tube should be based on ISO 16000-6 and EPAF TO-17.

The formaldehyde and other carbonyl compounds which are collected from cartridges with
2,4-dinitrophenylhydrazine with an ozone scrubber shall be analyzed by HPLC with detection by ultraviolet
absorption. Formaldehyde, acetaldehyde, acetone, acrolein, propionaldehyde, crotonaldehyde, benzaldehyde
and o-, m-, p-tolualdehydes shall be identified.

The general analytical method for determination of aldehydes concentration shall be based on ISO 16000-3
and ASTM D6007. Especially, the limitations and interferences concerning the determination of organic
substances can be referred to in ISO 16000-3:2022, Clause 5. If a peak of acrolein on the chromatogram of
DNPH-fornhaldehyde derivative is of multiple formation and instability, it shall be quantified,b} using the
test method EPA TO-11A.

The digita
including 5
mentioned

The object
1 humidity

scale used for weighing the printed object shall have at least a 0,01 g sensitivity.
upports shall be weighed after placing at the constant controlled tempepature an
in 7.1.

6.1.3 Aeosol instruments

Aerosol ins
size rangin

An aerosol
particle cg
different a

The DMAS
should me
The DMAS

The lower
1cm3to1l

The operat
ISO/IEC 28

6.2 Gen

6.2.1 D¢

The desktg
temperatu
all packing

truments shall be able to measure total particle number concentration over time w
g below 3 000 nm and classify particles by size.

instrument shall use CPC and/or a combination of DMAS-and LSAPC widely known aj
unter. In the case of the combination of aerosol dnstruments, consistency betweg
brosol measurement instruments shall be checkedq

should be capable of counting particle size range from at least 7 nm to at least 300 nm
isure particle number distribution for particle optical diameter of 300 nm to at least]
detection efficiency at the lower size limit {7 nm) shall be equal or higher than 50 %.

ind upper limits of the concentration'range of particles required for the CPC used shall
D7 cm3. The calibration for the cetinting efficiency of the CPC shall comply with ISO 27

ional readiness test for aerosol measuring system shall be passed prior to testing as s
360-1:2021, Annex B.

eral requirements.of desktop MEX-TRB/P machine and test specimen

sktop MEX-TRB)/P machine

p MEX-TRB/P machine before test preparation shall be kept in place at the constant
Fe and.hiumidity given in 7.1. The packed desktop MEX-TRB/P machine shall be ren;
provided by the manufacturer before a test and shall be tested as soon as possible w

th particle

an optical
n the two

and LSAPC
3 000 nm.

be realized
391.

pecified in

controlled
oved from
rithin 24 h.
nt shall be

The expos11re time of the unpacked desktop MEX-TRB/P machine in the conditioning environme
recorded.

When a thermoplastic filament is forced through the extrusion nozzle during setup of the desktop MEX-
TRB/P machine, any burnt filament attached around the outside of the nozzle shall be cleaned out with
acetone or ethyl alcohol once the nozzle has cooled. These chemicals used for cleaning residues shall be fully
evaporated before loading the desktop MEX-TRB/P machine into the ETC.

6.2.2 Filament

The feedstock filament supplied by the manufacturer shall be stored as recommended by the filament
manufacturer and it shall be unpacked as soon as possible before testing within 24 h and loaded into the
nozzle. The exposure time of the unpacked filament in the conditioning environment shall be recorded.
Once the filament is loaded into the nozzle of desktop MEX-TRB/P machine, it shall not be replaced by other

© IS0 2024 - All rights reserved
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types of filaments. The mass of the used filament (i.e. the finished test specimen including support) shall be
weighed to 0,01 g. The test specimen is placed in a desiccator and allowed to dry once 1 h until the weight

difference

of the dried test specimen is less than 1 %.

The information on the filament and desktop MEX-TRB/P machine used for printing a test specimen shall be

recorded a

ccording to 9.2 to inform the history on which it is originated.

6.2.3 Test specimen

The model of this test specimen has a size of 70 mm x 70 mm x 15,4 mm. Each feature of the test specimen
shall be built as the specified artifact of Annex B. The total build time can be adjusted to build over 4 h based
on the conditions recommended by the manufacturer depending on the standard operating conditions

specified i
recommen
(density), d

The test s
square-sh3
as positive
specimen |
MEX AM mj

The 3D dig
Annex B in

The featur

n Table A.1. The build time shall be adjusted to build more than 4 h using the manufacturer’s

Hed standard operating conditions such as printing speed, layer thickness, filli
tc.

becimen (see Figure 1) below is comprised of several features with s
ped base. There are 5 different shapes with positive and negative feat

s intended to measure particle and chemical emission rates durin
achine, but not to test the accuracy of the test specimen. \GJ

f<' rmat by clicking on

operation o

ital model for a test specimen can be downloaded in STL
the digital copy of this document.

s of the test specimen shall be as shown in Annex B.

Figure 1 — Test specimen

va
Q
l/eome

; .
ur %@m the suyirface such

and negative rectangular blocks of different sizes, octangular tower,é( erent font fypes. This
h

Dimensions in)

ercentages

try on the

f a desktop

the link in

millimetres

7 ETC conditions and test procedures

7.1 ETC general conditions

The appropriate chamber size depending on the volume of the desktop MEX-TRB/P machine is selected
based on the criterion for the loading factor in Formula (1):

1%
0,01<%<0,25

C

© IS0 2024 - All rights reserved
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where
Vay  is the volume of the desktop MEX AM machine, in m3;
% is the volume of the emission test chamber, in m3.

C

If a desktop MEX-TRB/P machine is planned for the floor-mounted systems as used in non-industrial
purposes and satisfied with the qualification of Formula (1), this test method is able to apply to the general
MEX-TRB/P machines. The Volume VAM should be measured by the assembled three longest sides of the
desktop MEX-TRB/P machine.

For the ETC, emission tests shall be executed at 23 °C and 50 % RH in accordance with ISO 554. The test
chamber shall be able to control the temperature and humidity within the below condition ranges for the

duration of pre-extruding, extruding and post-extruding.
a) Temperature : 23°C+2°C
b) Humidity : 50 % +5 % RH
c) Air velocity : 0,1 m/sto 0,3m/s
d)  |Air exchange rate: n-hl

Air velocit
machine wj

I shall be measured at a spot 15 cm above the desktop MEX<TRB/P machine, in the m
ith respect to length and width, and measured in the direction parallel to the floor of t

perpendicylar to the side of the ETC where the airflow enters.

With an ET|
while a vol

7.2 ETC

For the un
the air exc
size rangir
20 pg/m3 3

C volume of 5 m3 or larger, the air exchange rate of the’ETC shall be in the range of (0,3
pme smaller than 5 m3 shall be in the range of (0,50 5,0) h-1.

background concentration

oaded test chamber, the background cencentration of particles shall be less than 100
hange rate is n = 1-h'l. The requirements of concentration shall be confirmed includi
g below 300 nm by using the aeresol instruments specified in 6.1.3. TVOC shall be
nd the concentration of each target VOC species and aldehydes shall be lower than 2 i

7.3 Preparation of ETC and desktop 3D printer

The desktqg
in its origi
desktop M
The ETC i

described
that of the

p MEX-TRB/P machine and filament shall be stored in an air-conditioned room (23 °C
nal packaging priorto the test. The test shall be initiated within 24 h following unp
K X-TRB/P machirie and filament.

hterior walls shall be cleaned with an alkaline detergent and rinsed with distille
n ISO 16000-9, followed by cleaning with fresh air whose volume is equivalent to at le
interior'capacity to meet the requirements specified in 7.2

A desktop

MEX-TRB/P machine following the requirements specified in 6.2.1 shall be installed a

ddle of the
he ETC and

to 2,0) h'l,

cm3 when
Ing particle
lower than

o /m3,

, 50 % RH)
acking the

1 water as
ast 4 times

the center

of the ETC with respect to the length and width of the ETC, at a height of 1 m to 1,5 m from the floor. A
computer, including desktop MEX-TRB/P machine control software, shall be connected from outside the
ETC to the internal desktop MEX-TRB/P machine. All particle and chemical sampling lines shall be made of
conductive material to minimize losses of the particle due to static electricity. The sampling lines shall be
cleaned regularly before and after the test.

The position of the aerosol and chemical sampler ports shall be at least 10 cm away from the inner chamber
wall and at least 30 cm away from the desktop 3D printer. The length of the sampling lines from the outer
chamber wall should be minimized (within a maximum length of 3 m) and installed without sharp bends.

The desktop MEX-TRB/P machine and all auxiliary equipment should be wiped down or vacuumed to remove
any dust or dirt. After setting up the desktop MEX-TRB/P machine, filament and all auxiliary equipment

© IS0 2024 - All rights reserved
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for operation inside the ETC, desktop 3D printer shall be conditioned with clean air at the controlled

environme

A schemati

7.4 Pre-

nt until the ETC background concentrations meet the requirements specified in 7.2.

c diagram of the test system is shown in Figure 2.

extruding phase

Pre-extruding phase is the preparation phase in which a desktop 3D printer is connected to an electrical
supply inside the ETC, where the desktop MEX-TRB/P machine is just in the ON setting. The build platform

and nozzle

warming-up are the status of waiting to start.

Prior to extrusion, the desktop MEX-TRB/P machine shall be power-connected and controlled from outside
and air exchange for the ETC shall be continued to keep the number concentration of particles,

of the ETC

TVOC, indi
extruding
by 7.7.2. A
extruding

7.5 Extr

The extrus|
to operate

Enter the 6
machine a
ends with
parameter

7.6 Post

Post-extru
post-extru
least one a

vidual VOC, and aldehyde concentrations inside the ETC lower than background:
begins at least 1 h to 2 h prior to extruding, to allow time to perform the sapdipli
brosol Measurement instruments shall be recorded from the pre-extruding phase t
bhase.

uding phase

ion phase is the operation phase in which the desktop MEX-TRB/P‘machine inside the
and the material is extruded into a three-dimensional shape.

xtruding phase by placing a printing order from the PC coniiected with the desktop N
nd increasing the temperature of the nozzle head and prirting bed plate. The extru
the final test specimen being completely manufactured. The total printing time a
5 of the desktop MEX-TRB/P machine software during-a build cycle shall be reported.

-extruding phase

ling phase is the end phase in which additive manufacturing has already been comj
Hing phase starts at the end of the extruding phase, and the air exchange rate shall con
r exchange, and until aerosol levelseturn to their pre-testing background levels.

7.7 Sampling for particles and chemical substances

7.7.1 Pa

rticles

FP and UFF measurements shall'be counted and recorded from the start of the pre-extruding pha

the end of {

7.7.2 Ch|

The sampl
following

he post-extruding,phase.

femical substances

ngs of VOC and aldehydes from the ETC shall be collected twice each, at the same 4
hases:

i

nsure pre-
g required
b the post-

ETC begins

EX-TRB/P
ding phase
hd process

bleted. The
tinue for at

se through

ime, in the

a) Pre-ex

Tuding phase:

The sampling of background concentration from the desktop MEX-TRB/P machine inside the ETC shall
be taken during the pre-extruding phase at least 1 h before extrusion starts. The sampling amount is
collected within 1 h with a sample flow of 100 ml/min to 200 ml/min. Sampling time and the amount shall
be determined by chemical concentration emitted from the desktop 3D printer. Sampling and analysis
procedures for VOC and aldehydes shall be performed in accordance with ISO 16000-3 and ISO 16000-6.

b) Extruding phase.

The sampling for VOC and aldehydes during the extruding phase shall last for 1 h until the post-extruding
phase starts. The sampling method is the same as the pre-extruding phase.

© IS0 2024 - All rights reserved
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For the pre-extruding and extruding phase, flow rates of the sampling instrument for collecting VOC and
aldehydes shall be adjusted with calibrated mass flow controllers before sampling, and the mass flow meters
used in calibration shall maintain uncertainty of measurement within 2 %.

7.8 Measurement process

The desktop MEX-TRB/P machine unit is ready after measuring the background concentration inside the
ETC. The following processes shall be executed in sequence:

a)

b)

f)

g)

h)

N U1 B W N

After checking the background of the unloaded chamber according to 7.2, the desktop 3D printer unit
shall be installed in the middle of the ETC with respect to the length and width of the ETC, at a height of
1,0 m to 1,5 m from the floor (see Figure 2);

The Iog
concer

aded chamber as part of the pre-extruding phase shall be conditioned to keepnt
tration of particles, TVOC, individual VOC, and aldehyde concentrations lower thah|ba

The sampling of VOCs and aldehyde background concentration of the loaded chamber“after

step 2
concer|

Test cq
in Tabl]

The st
ETC b4

shall be taken during the pre-extruding phase at least 1 h before extrusiomn starts, g
tration shall be measured throughout the pre-extruding phase;

nditions of desktop MEX-TRB/P machine shall be adjusted to the standard operating
e A.l;

hrt of the desktop MEX-TRB/P machine operation is performied when power is suppli
ckground concentration is met;

Particles (FP & UFP) are measured during the pre-extruding,extruding and post-extruding j

VOC aj
The V(

in 6.1.%;

Total y
the pe
and un

1d aldehydes are collected at 1 h before post-extruding phase;

C and aldehydes are collected according to 7.7.2'and analysed using the instrument
D

)

article number concentration is presented as a diagram of Cp(t)/(cm‘3) versus time
Fiod from the pre-extruding phase toatleast 1 air exchange after the extruding phas

he number
ckground;

confirmed
nd aerosol
conditions
bd, and the
hases, and

5 indicated

comprising
e end-point

til aerosol levels return to pretestinig background levels (see Figure 3).
5
7
6 8 I
9
1-.v2 3 4 I
| B 10
%
11

air entrance

air pur

ification equipment

air flow controller

stainle
ETC
deskto

ss steel table

p MEX-TRB/P machine
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7  aerosol sample collection tube
VOCs sample collection tube

9  aldehyde sample collection tube

10 aerosol equipment

11 air exhaust

Figure 2 — Schematic diagram of test system using test chamber

As shown in Figure 2, a desktop MEX-TRB/P machine shall be placed on the stainless steel table and installed
ata 1,0 mto 1,5 m height from the floor in the middle of ETC. To ensure constant mixing of the air inside the
ETC, the ETC system shall include an air circulation device, or be installed it inside the ETC separately. To
meet the operational and general requirements for the ETC system shall be in accordance with{IS0 16000-9.

8 Calculation of emission rate

8.1 Calculation of emission rate of particles

The calculation methods for particle emission rate are based on the ISO/IEC 28360-1 and RAL-UZ|205. Time-
dependent|particle emission rate is calculated using accumulated particle number concentratipn, C,, and
particle logs-rate coefficient, 8, and particle emission rate per mass is calculated using materifal used for
the three-dimensional product.

Time-depepndent particle emission rate, r,.(t), is calculated using&; corrected with B, as Formulg (2):

i (Cp(t)—Cp(t—At)exp(—ﬁ-At)}

e (DT, At-exp(--At) (2)
where

Co(t) | isthe smoothed curve of accumulated particle number concentration, in cm3;

V. is the test chamber volume, in ¢cm3;
At is the time difference bétween two successive data points, in s;
B is the particle loss-tate coefficient, in s-1.

Where At|is the emission‘time between tg.,. and tg,, from the diagram in Figure 3 below, where ¢
means the|time when a-desktop 3D printer command sent, ¢, is when it stops. The unit for r
particle number concentration.

start

stop pe[t) is s for

Total partjcle number, nyp, shall be calculated by the integral of r .(¢) over the extruding phase as
formulas (), (4):

1'stop
Estart
AC,
nyp =V +p Cyy (tstop —Lstart ) 4)
tstop ~Cstart
where
Cay is the arithmetic average of C,(t) between tg,, and £y, in cm™3;

AC, is the difference of total particle number concentration of C, between C,(t.

stop) and Cp[tstart) in cm,
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After the final test specimen is completed within the ETC, particle loss-rate coefficient () is calculated

based on the single-exponential decay of the total particle number after printing stopped within the post-
extruding phase of the diagram in Figure 3 as Formula (5):

PRLEACACH

t, —tq

(5)

Where t; should be chosen at least 5 min after the end of the extruding phase and t, is atleast 25 min after ¢;.

The average time-dependent particle emission rate for 1 h, r and particle emission yield per mass,

pe

Yoarticler @re calculated using the following Formulae (6) and (7):
3600
Tpe,h =fTp X (6)
t
p

n7p
Yparticl( :P_ (7)

m

Where t, mjeans the extruding time during operation and shall be read in the unit (s)and P, shall be weighed
asa finali test specimen (g). If the printed object has supports, they are to be weighed together to|determine
the total mfass of filament extruded.

1 : 2 ; 3
S.E+10 § i 1.E+05
5.E+09 : )

3 2 /\\ 3 1e04
] / ~ T W T — J ct)
5.E+08 —1 3
a [ 1 40 = cot
Y1 1 i D R ¢
5.E+07 i !
= > = LT S O e e e e e e 1
: 2 sl T e :\ -~ .L
- ]
5.E+06 : ; <&l 5 H : . s i
o [ I 1
5E+05 4§ = . !
’ o I 1
: : 1.E+01
5.E+04 7 = =
I 1
1 1
5.E+03 ——r——r——r——— v 1.E+00
50 90 130 170 210 L t1 250 B2

Key
X  time (thin)

Y1 PER(O)/din™

Y2 Cy(8)/cm
pre-extruding phase

extruding phase

post-extruding phase

smoothed curve of particle number concentration, C,(t)
particle emission rate, PER(t)

N U1 A W N

the time when a desktop 3D printer command sent, ¢,
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NOTE 1

the time when a desktop 3D printer stops extruding, t,
particle number concentration at the point ¢y, C,(t

A symbol t

ISO 27548:2024(en)

particle number concentration at the point ty, ., Cp(¢seart)

top

stop)

star

print command sent and the time at the start of the bed and nozzle warm-up.

NOTE 2

NOTE 3

A symbol ¢

stop Means that it is the time when the deposition on build platform is stopped.

diagram ends at 220 min.

. means that it is the time when the power of the desktop 3D printer is being turned on and a

This method requires the extruding phase to last at least 240 min, although the figure shown in this

Figure 3 — Total pnrfirlp number concentration and pnrfirlp emission rate dingrnm hy pri

8.2 Calc

The calcul
Chemical
Formulae

Reg b 5

Chemical e
1 h before

ulation of volatile organic compounds emission rate

htion methods for chemical emission rate are based on the ISO/IEC 28360-1 and R/
emission rate during the pre-extruding phase (CERy), Rcgy, is calculated by the

8) and (9):
Cy-r-V.

VOC,pre
V.

S

is the VOC concentration during the pre-extruding phase, in ug-m-3;
is the VOC emission rate during the gne-extruding phase, in pg-h-1;
is the analysed VOC mass during-the pre-extruding phase, in pg;

is the air exchange rate during the pre-extruding phase, in h'l;

is the chamber volume.in m3;

is the sample volume during the pre-extruding phase, in m3.

mission rate duxing the extruding phase (CER), R, is calculated using the chamber coy
the post-extriiding phase and is determined by the following Formulae (10) and (11):

C'reXtZ'Vc Ly _RCE,b'rext Ly

Reg =
H

Tyt (ts—t —r. -t
eXt'tp_e EXt(S p)+e ext 'ls

ting time

A\L-UZ 205.
following

(8)

9)

icentration

(10)

My;

C

where:

€ ext

V.

S
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C is the VOC concentration during the extruding phase, in pg-m-3;
Rcg is the VOC emission rate during the extruding phase, in pg-hl;
Mygcext 1S the analysed VOC mass during the extruding phase, in pg;
Foxt is the air exchange rate during the extruding phase, in h'l;

ts is the total sampling time in h;

t is the total extruding time, in h.

The total VOC emission rate should be quantlfled by the Formula (8) to (11) ofthls subclause where individual

VOC and a
substanceq

The chem
Formula (1

Y

chemic

where t, m|
o'
as a final t4

Sum of TV
by the tolj
calibration|

are quantlfled by the toluene response factor
cal emission yield, Y micapy during the extrusion phase is calculated using the
2):
l_RCExtp
= —
Pm

eans the extruding time during operation and shall be read in the'unit (h) and P,, shall
st specimen (g) including supports.

DC concentration of all individual VOCs within the retention range C4 to C,, should be
lene response factor, and identified substances have to be quantified using their
standards.

eport

| on test condition and method

ng information shall be recorded for test report:

f test;

5t conditions [Temperature (7), Relative humidity (RH), Air exchange rate (r), Air velocit

ound concentrations(record the background concentrations of particles, VOCs, and
e times the samples were taken);

g factor;
lume, innm3;

bn.0f.Desktop MEX-TRB/P machine within ETC (length, width, and height with respect

ntified VOC

following

(12)
be weighed

quantified
individual

y,in ss-m-1];

aldehydes,

o the ETC);

equipment used);

9 Testl
9.1 Dats
The follow
a) Dateo
b) ETCte
c) Backgr

and th
d) Loadin
e) ETCvd
f) Locati
g)
h)

1)

2)

3)

4)

Description of the aerosol measurement instrument used:
Manufacturer, model and serial number;

Name and version of the software;

reaction velocity, and etc.);
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5) Particle size range.
i) Description of VOC and aldehyde measuring equipment used:

1) Manufacturer, model and serial numbers of instruments, sample collection media and field
calibration device;

2) Date, time and results of pre-sampling calibration and post-sampling air flow rate check.
i) Sampling method used for VOC and aldehydes:
1) Sorbents used;

2) Volume sampled and flow rate of pump;

3) Salmpling start time and duration.
k) Detectiion limits of VOC, aldehydes and particulate matter;

1) Printing operating conditions (printing speed, nozzle temperature, layer thickness, filling percentage,
and etg.);

m) Printing time (pre-extruding phase, extruding phase, post-extruding phase):

9.2 Dat3 on filament and desktop 3D printer

The follow|ng information is to be recorded for test report:
a) Filamgnt family (e.g. ABS, PLA, etc.) and colour;

b) Filamgnt manufacturer and model name;

¢) Filamgnt batch;

d) Printer-manufacturer, model name and serialknumber ;

e) History of the filament and desktop 3D-printer (date of production, date of unpacking, storage time in
packing, storage time outside of packing, environmental storage conditions before a test, tgmperature
and relative humidity);

f) Type of packaging (for 3D prinfer-and filament — e.g. double layer corrugated cardboard and styrofoam,
plastigbag, etc.);

g) External dimensions of desktop MEX-TRB/P machine (maximum length, width and height);

h) Information of the‘filament containing any additives that are not obvious from the commercial name
(carboh fibers, eatbon nanotubes, metal, etc.);

i) Test cqnditions selected from those recommended by the manufacturer:

1) Nqzzle temperature tested (including temperature range given from manufadturer and
recommended print temperature);

2) Printing speed;

3) Layer thickness;

4) Printing time;

5) Filling percentage (density);
6) Others.
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9.3 Description on standard test specimen
The following information is to be recorded for test report:
a) Record the details of standard test specimen;

b) Photo of the printed test specimen.

9.4 Information about test laboratory
The following information is to be recorded for test report:

a) Name and full address of test laboratories (particle emission test, VOCs and aldehyde analysi

b) Name pf the responsible persons (those singing the chain of custody forms at the laboratorieg).

9.5 Results

The follow|ng information is to be recorded for test report:
a) Average particle emission rate per hour, PER; in hl;

b) Mass df the final test specimen including supports, in g;

¢) Total number concentration of fine and ultrafine particles emitteddiiring the operation of a de
TRB/Pmachine, in cm3 and the supporting date [Cp(tyard, Cp(t&dp) Cp(tr), Cplta), Esare tstopr

d) Diagram of particle number concentration similar to Figure\3;

e) Particle loss rate coefficient ( 3 );

f) Particle and chemical emission yield of material mélted used in final test specimen, in pg-g1;
g) Chemifal emission rate : total VOCs and aldehyde, in pg-h-1;

h) Analyded VOC and aldehyde masses durihigthe extruding phase, in pg;

i)  Volumg of air sample of VOC and aldehyde during the extruding phase, in m3;

j)  Timesthe VOC and aldehyde samples were taken during the extruding phase, in h.

s);

tktop MEX-
, ty, etc.];
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Annex A
(normative)

Standard operating condition of a desktop 3D printer

A.1 Purpose
Particle and VOC emission rates during 3D printing process can vary depending on the operating conditions
(See Anney C). The procedure outlined in this document is intended to standardize the operating|conditions
by defining how to set up the printing conditions. If the print conditions are arbitrarily chosen without any
rules, partjcle and VOC emission rates would result in a test result favourable to the manufacturdr.
This document is intended to evaluate particle and chemical emission rates not gnly from the filament
itself but a|so the emissions from the material and desktop MEX-TRB/P machine as'one test subject using a
filament feedstock during the 3D printing operation.
A.2 Standard operating condition
Table A.1 — Standard operating condition
Item Standard-operating condition
Setthe highest temperature among those appropriate nozzle temperaturg conditions
Nozyle temperature : . )
according to material selection by each manufacturer.
phinti Setthe printing speed te 50 mm/s. In case the maximum speed is lower thain 50 mm/s,
Finting speed .
set up the maximum speed recommended by the manufacturer.
Ldyer thickness Set the highest layer‘thickness among those provided by manufacturet.
. . Adjust the size'of the test specimen for a printing time of at least 4 h after setting
Size pf test specimen ; .
up all operating conditions.
Filling gercentage(Density) Set up afilling percentage of the product to 10 %.
Infill pattern Set the'infill pattern which has the lowest density among the providing patterns.
Others Set-a specific default value on other items based on the operating conditions for
each desktop 3D printer recommended by manufacturer.
Annex C shpws that particle emissions would be significantly different depending on both nozzle tgmperature
and layer thickness conipared to the other items of the standard operation condition ( Table A.1)|Therefore,
a tester shpuld select'the highest condition of the nozzle temperature and layer thickness within the range
given by the manufacturer. However, other items that can apply to the desktop MEX-TRB/P machine in
common shall be-set up to a specific default value to equalize test conditions for all desktop MEX-TRB/P
machines.
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Annex B
(normative)

Test specimen

This basic geometry is intended not to test the printing accuracy of the following test specimen, but to
test particle and chemical emission rates while extruding this three-dimensional test specimen. The test

specimen is comprised of 5 different geometric shapes and made up of STL file format. All dimensions of the
structure heloware in millimetres. This file format can be downloaded at the link bhelgws:

— ISO Online browsing platform: available at https:ZZStandards.iso.orgZisoz27548[ed—1Ze% |b‘,
B.1 Overall form @b(‘b

(%imensions inf millimetres
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kFi1gure b.1 — Design ol the proposed test specimen

A test specimen is comprised of 5 different geometric shapes, where geometry (1), (3), and (4) are on the
positive features from the surface, and geometry (2) and (5) are on the negative features. The printer shape
is set for LWH : 70 mm, 70 mm, 15,4 mm.
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B.2 Positive rectangular features

1,26
1,4

Dimensions in millimetres

<+
e«
S |S

™
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Figure/B.2 — Details of the positive rectangular features among 5 shapeﬁs’ﬁ n in Figure B.1

Figure B.2|depicts the geometry (1) of the positive features among 5 shapes

whn in Figure B.1|The entire

feature is 1,40 mm x 3,50 mm x 2,10 mm. The width of the positive featur% th the same length|and height

decreases from 1,40 mm to 1,26 mm, 1,12 mm, 0,98 mm and 0,84 mm. Q
B.3 Negative rectangular features s\\§\
<

N\
o
Q\

xO
3

S
S

Dimensions inf millimetres

E:
«°
S

Figure|B.3 — %?ﬂs of the negative rectangular features among 5 shapes shown in Figpre B.1

D

Figure B.3 dg?gthe geometry (2) of the negative features among 5 shapes shown in Figure B.1

feature is ]

The entire

mm x 3,50 mm x 7,00 mm. The width of the negative features with the same lengthland height

decreases from 1,40 mm to 1,26 mm, 1,12 mm, 0,98 mm and 0,84 mm.
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