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Foreword

ISO (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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The powder coating process is dependent on several material variables, whose presence within the
powder mixture is critical for ensuring smooth operation. A precise understanding of the fluidization
behaviour is important for optimal processing parameters in the fluidized bed, during pneumatic
conveyance and the spraying process. In addition, understanding the long-term stability during storage
or behavioural change during processing can also help to improve the reuse of powder coatings.
Furthermore, melt rheology is introduced to understand the melt flow properties of a given powder
coating system, to provide information after spraying, on the powder melt viscosity and gel point. The
methods in this document can be used for quality-control and detailed studies

© IS0 2023 - All rights reserved v
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Scope

5 document specifies methods for the determination of the rheological behavipur o
fder both in particulate and molten form.

Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references,, only the edition cited 4
ated references, the latest edition of the referenced document (ificluding any amendmen

3219-1, Rheology — Part 1: Vocabulary and symbols for rotational and oscillatory rheomet
3219-2, Rheology — Part 2: General principles of rotational and oscillatory rheometry
8130-14, Coating powders — Part 14: Vocabulary:.

15528, Paints, varnishes and raw materials forpaints and varnishes — Sampling

Terms and definitions

the purposes of this document, the‘terms and definitions given in ISO 3219-1, ISO 8130
pbwing apply.

and IEC maintain terminglogy databases for use in standardization at the following addj

[SO Online browsingplatform: available at https://www.iso.org/obp

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

arent viscosity
U resistance of the fluidized powder bed

4

[ a coating

Pir content
pplies. For
[s) applies.

[V

14 and the
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4.1

Powder

The different fluidization properties are determined in a rheometer. In addition to rotational speed
and torque, the airflow rate through the powder bed can be precisely controlled and the pressure drop
determined. This allows complete analysis of all fluidization parameters that influence the powder
coating process.

4.2

Melt

In order to characterize the powder in its molten form, a rheometer in accordance with ISO 3219-2 shall
be used to determine the melt and polymerization properties.
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5 Apparatus

Use ordinary laboratory apparatus, together with the following.

5.1 Rheometer, in accordance with ISO 3219-2, equipped with a cylindrical measurement cell with
a minimum diameter of 50 mm and a minimum height of 100 mm, ideally transparent and coated with
conductive material to prevent electrostatic charging to maintain visibility. As a measurement system,
a rectangular stirrer of minimum of 10 mm x 30 mm measurement surface is recommended unless
otherwise specified.

maante o xaacce flovyy oot llaw coalhla of gapmaratin g o Sl oy fooa N NC T/

For particiHate-measurements-amassHow-controllercapable-ef generating-anairflowfrem-6;86514nin
to at least p 1/min is connected to ensure a uniform fluidization. A pressure transducer is requirgd if
pressure drop measurements shall be gathered.

For molten measurements, a disposable plate-plate geometry in a rheometer according;ta)ISO 3219-2
with a heated plate and hood is advised.

5.2 Measurement geometry

For fluidization, deaeration and apparent viscosity measurements, use a profiléd cylinder. Alternatiyely,
measure i1l an undisturbed bed, without any measurement system inserted:

For cohesipn strength measurements, a rectangular stirrer with a miilnimum measurement surfadge of
10 mm x 30 mm is recommended.

Use of a digposable plate of at least 25 mm diameter is advised ifi*molten measurements.

NOTE A plate of smaller diameter can give spurious results:

6 Sampling

Take a repfesentative sample of the product under test as specified in ISO 15528.

A minimur sample volume for powder particulate rheology measurements of 80 ml is recommendéd.
For furthe measurements of the sante powder, it is recommended to keep a consistent mass.

For melt rheology measurement; it is advised to fill the plate-plate gap with the excess particullate
powder, e.g. x 15 the volume, and'then compress it prior to melting.

7 Experimental

7.1 Powder nieasurements

7.1.1 Fluidization measurements

Carry out the fluidization measurement using the profiled cylinder and perform it in two modes, i.e.
unstirred and stirred, e.g. rotational speed 8 minl. First, decrease the air flow from 5 1/min to 0 1/min
continuously, within a minimum of 30 s and then increase again from 0 1/min to 5 I/min.

This measurement is carried out to find the volumetric flow rate i.e. the volume of gas per time
necessary for subsequent testing, as well as the volumetric flow rates for incipient and full fluidization

of the sample.
NOTE For explanations of transitions such as incipient and full fluidization, see A.1.

The measurements shall be performed first unstirred, then stirred.

© IS0 2023 - All rights reserved
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A pressure transducer is required for pressure drop measurements by taking a baseline measurement
with the same parameters in the empty cell immediately prior to measurement giving absolute results.

7.1

.2 Fluidized bed rheology measurements

Carry out fluidized bed rheology measurements with a profiled cylinder system. The rotational speed
shall be increased from 0,1 min to 1 200 min’}, corresponding to an applied shear rate increase from
0,02 s1to320s1.

Calculate the powder S apparent v1sc051ty in a manner analogous to that of a non- Newtoman fluid. To

gat

7.1

Med
at 8

7.1

Cohesion strength describes the internal resistance of the powder to flow, and thereby a
hder flowability. It is defined as a measure for the strength of the bonding forces betwden powder

pow
par

Car
sted

The
refq
furt

The

NOT
Sted

7.2
Use

Set
180

ered so that each data point is equivalent to at least one full revolution of the cyllnder

3 Deaeration measurements

min’l, then stop the airflow and obtain the pressure data under the powder bed.

4 Cohesion strength measurements

Ficles.

cohesion strength can be calibrated usihg a constant geometry factor, e.g. using
rence material (CRM) such as CRM-116.limestone powder at a 3 kPa preconditioning
her details).

dy-state flow is usually reached within the given time of 100 s.

Melt rheology‘measurements

arheometersing a disposable plate-plate geometry with a heated hood and plate.

°C, constant oscillatory parameters to 1 Hz and minimum 0,032 5° in amplitude.

8

/linder (e.g.
et the data

sure bed deaeration by first stirring and fluidizing the powders with an aitflow of 5 1/min for 5 min

measure of

'y out cohesion strength measurements as a function of torque with a two-blade stifjrer after a
dy-state flow is achieved. Precondition the cotihgpowder to remove residual tension by stirring at
8 mlin! with an airflow retrieved from full fluidization measurements of the powder.

a certified
see A.2 for

calculation method relies on torgiie measurements made only when a steady-state flow is achieved.

E The final 20 points ofian analysis are usually averaged and used to compare the differgnt samples.

the gap £0,0,5 mm, the heating rate to 3,5 K/min with a temperature range between| 50 °C and

[Expressionofresults

Apparent viscosity of the fluidized bed is measured over different shear rates according to the
characteristics of the powder.

For

9

information on the interpretation of test results, see Annex A.

Precision

For fluidized bed rheology measurement, a torque accuracy of 1 nNm and under is recommended.

For cohesion strength measurements in powder coatings, a torque accuracy of 1 uNm and under is
recommended.
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The powder illustrated in Figure A.2 (fresh) has a repeatability and reproducibility of 1 %.

If the same powder is repeatedly measured and the cohesion strength decreases, this is an indication of
segregation. For consistent results, use fresh powder for each measurement.

A reference material is not available for fluidized measurements since the only available certified
reference material is too cohesive to be fluidized (see A.2 for details).

10 Test report

The reportrofresuttsshattcontaimatieastthefolowing informration:
a) all detjils necessary to identify the powder product tested;

b) areference to this document, i.e. ISO 8130-15:2023;

c) the tegt method used;

d) the initial mass of the sample;

e) the redult for the test sieve used, as indicated in Clause 8;

f) any deviation from the test method specified;

g) any unusual features (anomalies) observed during the test;

h) the date of the test.

4 © IS0 2023 - All rights reserved
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Annex A
(informative)

Interpretation of results

F‘llnt’llvaflnn measurements fr‘nvafinn 15 min)

A1l

Figiire A.1 shows an example of fluidization from 0 I/min to 5 1/min of a powder ceating as i

Thi

A1

Thd
par

ove
0,2

A1l

Att

a limear pressure signal is observed as shown if‘Figure A.1 by curve 1 at 4 1/min and curve

min.

to Iuidize, once a certain volumetric flow is reached depending on the particle characte

T T I O C T U I T I T C OO T T CIIT T It TOTT T O IItttty

1 General

5 is the same sample containing 1 per mille of fumed silica (curve 2).

.2 Incipient fluidization

pressure inside the measuring cell rises with increasing volumetric flow, due to t
ficles creating and increasing counter-pressure against the fluidization air. The pow

shoot can be detected to indicate the “incipient fluidization’ as depicted in Figure A.1 by
1/min and curve 2 at 0,16 1/min.

3 Full fluidization
his volumetric flow the powder is fully fluidized. This can be recognized by the air flow f

If a sample fluidization behaviour is known, this measurement is not necessary.

5 (curve 1).

he powder
der starts
ristics. An
rcurve 1 at

rom which
2at1,161/
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Figure A.1 — Examplé-of the upward fluidization

A.2 Cohpsion strength measurements (5 min)
Figure A.2|shows cohesion strength-measurements of degraded and fresh powders.

Cohesion skrength can be used-to establish a range of values that are usable within a given setup. [t is
essentially|a constant velecCity torque measurement with the cohesion strength being a constant value
calibrated py comparisgon'with Jenike shear cell data, according to ASTM D6128. While not an absojute
measuremgent like shear cells, it is highly sensitive, quick and very repeatable, making it a usgful
continuouq monitoting tool.

Cohesion gtrehgth is analysed by the slope at the beginning of the measurement (interval time|0 s
to 20 s in Figure A.2). This cohesion strength is influenced by factors such as the powder’s aeration
behaviour, air holding capacity and packing behaviour. A lower starting point indicates a higher air-
holding capacity. A flatter slope increase can stem from a higher air-holding capacity, but also from
the powder’s aeration behaviour from stirring. After a certain measurement time, easy- and free-
flowing powders should display a constant torque and thereby constant cohesion strength. In contrast,
cohesive and very cohesive powders do not necessarily show the same behaviour and it is possible that
the torque does not become constant during the standard measurement time. In this case, an increase
in the measurement time will help.

Cohesion strength is a relative measure and is calculated by the measured torque value and a geometry-
specific factor [(for controlled shear stress (CSS)]. The torque value is determined by using a linear
regression over the last 20 data points (see Figure A.2), whereas the CSS factor is given by the intercept.
Itis a calibration measurement with calcium carbonate (CRM-116 limestone powder), given by applying
a stress of 3 kPa and no strain during measurement.

6 © IS0 2023 - All rights reserved
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3 |five measurements of undegraded powder, illustrating reproducibility

Figure A.2 — Cohesion strength measurements

A.3 Deaeration measurements (3 min)

Thegse measurgments are performed to understand the air retention capacity of powders.|In general,
to achieve«dernise phase flow, it is necessary to have a substantial air retention capability in the powder
systemysinice this is the preferred mode of transport. The air-retention describes the durdtion of the
powdes bed to settle after fluidization and is analysed by reading the pressure signal.

Figure A.3 shows a comparison of defluidization behaviour of a non-heat treated system that shows
a dramatic increase in air retention capability with minimal addition of fumed silica (curve 2). At the
point where the pressure becomes constant, the powder is defluidized e.g. 4 s for curve 1 and 9 s for
curve 2.

Combined with the fluidization experiments, both compositions are expected to exhibit dense phase
fluidized flow and can be considered suitable for pneumatic transport. The compositions therefore
exhibit suitability for usage within a powder coating process.

A powder which is transported in dense phase fluidized flow should have an air retention time of at
least 3 s.

©1S0 2023 - All rights reserved 7
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Figire A.3 — Comparison of defluidization behaviour of a non-heat-treated system

A.4 Fluidized bed rheology niteasurements (45 min to 90 min)
The fluidized bed rheology gites the apparent viscosity of a fluidized bed. In essence, any fluidized |ped
can show gt least one order‘ef magnitude difference between high and low shear (1 s71 to 300 s71). This
means that where the shear rate is dramatically increased, for example, through narrow gaps or kipks,

then eithe
powder.

Figure A.4

care and/er'modification is necessary to ensure the capability to spray or convey the hulk

shows the shear rate increase of unmodified (curves 1, 3 and 6) and a powder coating V

fumed silig

vith

a(added (curves 2, 4 and 5) at 0 1/min, 0,1 1/min and 2,5 1/min (top to bottom respectivelly).
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