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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standard
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 describeh
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
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (aL
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent rights
in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) patent(s)
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
wwwrise.erg/patentsswww.iso.org/patents. ISO shall not be held responsible for identifying any or all such
patent rights.

Any trade name used in this document is information given for the convenience of users and does no|t
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressionks
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization =~ (WTO)  principles in the Technical Barriers to Trade (TBT), see
wwwise.org/ise/forewordhtmlwww.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 261, Additive manufacturing, in collaboratiof
with the European Committee for Standardization (CEN) Technical Committee CEN/TC 438, Additive
manufacturing, in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna
Agreement).

Any feedback or questions on this document should be directed to the user’s national standards body.
complete listing of these bodies can be found at wwwise.erg/membershtmlwww.iso.org/members.html.
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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 measuring particle and chemical emission rates emitted from desktop MEXTRB/P machine, also known as
a 3D printer which is widely used in the national marketplace.

Manufacturers of desktop MEX-TRB/P machines, also known as 3D printers, will be able to take advantage of

this document to develop and improve their products by minimizing particle and chemical emission rates, and
the end-users also would purchase more safe and improved machines from the market.
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1 Scope

This document specifies test methods to determine particle emissions (including ultrafine particles) and
specified volatile organic compounds (including aldehydes) from desktop MEX-TRB/P processes often used
in non-industrial environments such as school, homes and office spaces in an emission test chamber under
specified test conditions. However, these tests do not necessarily accurately predict real-world results.

This document specifies a conditioning method using an emission test chamber with controlled temperaturé,
humidity, air exchange rate, air velocity, and procedures for monitoring, storage, analysis, calculation, and
reporting of emission rates.

This document is intended to cover desktop MEX-TRB/P machine which is typically sized for placement on b
desktop, used in non-industrial places like school, home and office space. The primary purpose of this
document is to quantify particle and chemical emission rates from desktop MEX-TRB/P machine.

However, not all possible emissions are covered by this method. Many feedstocks can release hazardoub
emissions that are not measured by the chemical detectors prescribed in this document. It is the responsibility
of the user to understand the material being extruded and the potential chemical emissions. An example is
Poly Vinyl Chloride feedstocks that can potentially emit chlorinated compounds, which cannot be measured
by the method described in this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.
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time-dependent number for the concentration of particles in a specified size range

3.7

total particles

number of particles as calculated based on the measured accumulated particle number concentratio
{3:73(3.6) in the sampled volume and the duration of the particle emission test

3.8

particle emission rate
PER

particles emitted from AM process per unit time (1/h) in a specified size range that is calculated fror
accumulated particle number concentration {3-7}(3.6) divided by the build time in h
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3.9

particle emission yield

Yparticle { Formatted
number of particles emitted per mass of extruded material during the build cycle \[ Formatted
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chemical emission yield Formatted
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mass of chemical compounds emitted per mass of extruded material during the build cycle

3.11
chemical emission rate
average mass of organic compounds emitted from an AM process per unit of time
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At time difference between two successive data points (s)

Estart time when print command sent (s) -
tston time when extrusion ends (s)

Rl air exchange rate (h'1)

P final test specimen mass after extrusion completes (g)

Ve emission test chamber volume (m3)
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5 Method overview

This document specifies test methods to determine particle and chemical emission rates during the operatiof|

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 ratb
per hour or used material mass by mathematical calculations. The procedures for the build conditions should
be under the standard operating conditions (see ElauseA2}A.2) of the desktop MEX-TRB/P machiné.
Chemical emissions (TVOC and aldehydes) are directly calculated from the chamber concentration as mass
per hour.

There are various reasons for performing these measurements. For example, determining the maximurh
emissions for using machines or comparing emissions from different AM machines. The procedures used for
the test can be tailored for the specific purpose of the test. In the case of determining maximum emission rates,
the AM machine should be set at the conditions that result in maximum emissions, which are typically the
fastest extruding speed, the thickest layer, and the highest nozzle temperature recommended by the
manufacturer. For comparing emission rates from different AM machines, the process settings eanshall bp
referred to values that are outlined in AnnexA-Annex A.

6 Requirements of the instrument for measurement
6.1 General

6.1.1 Emission test chamber (ETC)

The ETC shall be designed with stainless steel electropolished materials so that it does not emit or absorp+—— {Formatted

substances that can affect measurements during background and AM process tests. During operation, the ETC
shall be controlled for constant temperature, humidity, and air exchange rate (see Z4};7.1), and they shall be
continuously monitored by using data logging instruments that are calibrated and traceable to primary
standards.

General requirements for other materials comprising of an air supply system, mixing equipment and ai|r
tightness which are used to construct ETC shall be tested in the ETC to confirm that they do not contribute to
the emission test chamber background concentration through emission or adsorption. The test setup of ETC
shall not recirculate chamber air so as not to have the contaminated air put into the ETC again.

When flow changes are made to chamber air, a tracer gas test shall be performed to confirm the accuracy df
the air exchange rate. The verification process for the test conditions of the ETC such as a tracer gas test
procedure and a recovery test shall be performed in accordance with‘ISOA16000—A9| or ASTM D6670. {
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