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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.
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Introduction

Particle density is a fuel parameter of pellets and briquettes which is often considered when describing
the degree of compaction of the raw material used. Particle density can be highly specific for the
respective type or species of biomass and thus, it also characterizes the material’s general ability
to be compacted. High particle density is often associated with high resistance to abrasion or low
susceptibility towards fracturing during handling and storage. A high particle density also generally
leads to reduced storage volume demands and to a lower filling level in combustion chamber at constant
fuel mass flow. Particle density can also affect the heat transfer rate within the fuel and thus, it can
have an impact on fuel ignition and on the dynamics of gasification.

Aparit from the buoyancy method which is described in this International Standard as reférence method,
largdr particles (briquettes) are sometimes easier tested by simple stereometric méans. [For internal
laboratory practices, such a procedure is also presented in Annex A. For small partieles (pellets), this
procgdure is not recommended.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 18847:2016(E)

Solid biofuels — Determination of particle density of
pellets and briquettes

1 Scope

This International Standard specifies the method for determining the particle density of compressed
fuels i . i ity 1 ifions for its
detefmination have to be standardized to enable comparative determinations to be madg.

2 Normative references

The following documents, in whole or in part, are normatively referenced\iir’ this docunjent and are
indigpensable for its application. For dated references, only the editign)cited applies. For undated
referfences, the latest edition of the referenced document (including any-amendments) applies.

1SO 147801, Solid biofuels — Sample preparation

[SO 16559, Solid biofuels — Terminology, definitions and descriptions

ISO 18134-1, Solid biofuels — Determination of moisture.content — Oven dry method — Part 1: Total
moisture — Reference method

[SO 18134-2, Solid biofuels — Determination of meisture content — Oven dry method — Part 2: Total
moisfure — Simplified method

1SO 181352), Solid biofuels — Sampling

3 Terms and definitions

For the purpose of this document;the terms and definitions given in ISO 16559 apply.

4 Principle

Both{mass and voldme’ of an individual particle or a group of particles are determined. The volume is
meagured by determining the buoyancy in a liquid. This procedure follows the physical ptinciple that
the buoyancy,is €qual to the mass of the displaced volume of a liquid. The apparent loss in mass between
a mepsurement in air and a subsequent measurement in liquid marks its buoyancy. The vplume of the
test portionbody is calculated via the density of the applied liquid.

NOTH The pqrtirlp r‘lpncify of hrir}npﬂ'pc could zlfprn;\’ri\m]y be _estimated by stereometri¢ means (see
Annex A).

5 Reagents

5.1 Water with low content of ions, (e.g. drinking water quality) in a temperature range of 10 °C
to 30 °C.

1) To be published.
2) To be published.

© ISO
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Octylphenoldecaethylen-glycolether,

phenyl]-eth

NOTE

2016(E)

detergent named

er.

0-[4-(1,1,3,3-Tetramethylbutyl)-phenyl]-deca(oxyethylen),
Polyethylenglycol-mono-[p-(1,1,3,3-tetramethylbutyl)-

The exclusive use of this specific detergent with given characteristics allows to apply a fixed value for

the density of the liquid (mixture with water) and ensures constant properties as wetting agent. The detergent is
traded for example under the name Triton® X-100. The density at +20 °Cis 1,07 g/ml.

5.3 Paraffin, with a melting point of 52 °C to 54 °C.

6 Appar

6.1 Gene

A thermoms
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Due to the H
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6.2.2 A transparent glass beaker of about 200 ml filling volume.
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ter capable of reading to the nearest 1 °C.

lance, having sufficient accuracy to determine the mass to the nearest 0,001 g.

igh sensitivity of the balance, the test rig shall be placed.into a wind protection cabir
urbed and immediate reading of the displayed values,

nsity determination rig placed on a balance.

ists of a bridge, which overstretches theyweighing plate of the balance in order to pr¢

frame with suspension rods, a weighing dish (“submergence dish”) is hung into the
ire 1), which is filled with liquid (5.1). The dish shall be able to accommodate at least
ce. Both the supporting frame and the submergence dish are directly loaded on the ba
ubmergence apparatus (thevdish and the suspension) can be removed when loaded
pugh the dish suspension;the submergence depth is always kept constant. The bottq
ence dish is perforated by openings, which are smaller in diameter than the diameter ¢
perforation allows$-the liquid to fill the dish from underneath when it is submerged. I
erial of low density is tested (below 1,0 g/cm3), a modified suspension having an inv{
e dish is requiced; this is to force the pellets underneath the liquid surface and pr¢
loating onstop of the liquid. For the determination of the mass in air, it is useful to
st rig whepe an additional upper weighing dish is fixed to the suspension (Figure 1).

et to
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Wweighing plate of balance

bridge

perforated submergence dish (for weighing in water)
dish (for weighing in air)

glass beaker

dish suspension

dupporting frame

X N O U AW

display of balance

NOTH Submergence dish for pellets with density below 1,0 g/m3 is not shown in this figure.

Figure 1 — Buoyaricy determination rig on a balance (method for pellets)

6.3 | Apparatus for briquette testing

6.3.1 A balance)having sufficient accuracy to determine the mass to the nearest 0,01 g.

Ifbril?uettes of more than 500 g each are tested, the accuracy of the balance can be reduced|to 0,1 g. The
balapce shall' have a connecting point for hanging a weight to its load cell.

6.3 A transparent container, for liquid having a sufficient filling volume to accommodate the liquid
and the submerged briquette.

A sufficient filling volume is usually achieved when the container’s cross section is about eight times
larger than the cross section of the briquette. In this case, any effects by level changes of the liquid
caused by submersion of the briquette are negligible. Such error would be due to a larger part of the
holding steel string (see 6.3.3) being submerged.

6.3.3 A non-absorbent thin steel string, which can be hung to the connecting point of the balance.

The end of the string is equipped with a hook or a ring, which allows an easy appending of the briquette.

© IS0 2016 - All rights reserved 3
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6.3.4 A tripod, where the balance can be placed on.

The tripod should have a plate with an opening which allows the string to pass through unhindered to
the balance (Figure 2) while hanging.

6.3.5 A steel loop or any other steel support device, to which the briquette can be fixed while freely
hanging and which allows to be fixed to the lower connecting point (Figure 2) of the steel string.

6.3.6 A removable weight, required if test material of low density is tested (below 1,0 g/cm3), which
is positioned onto the briquette in a way which prevents the briquette from floating on top of the liquid.

carrying|plate with opening
balance
steel string

transpargent container
test sample (briquette)
connectipg ring or hoek

N O U W

tripod

Figure 2 <- Buoyancy determination rig using a hanging load to a balance (method for
briquettes)

7 Sample preparation

7.1 A laboratory sample shall be obtained in accordance with ISO 18135 and test samples shall be
prepared in accordance with ISO 14780.

7.2 Atotal test sample mass of 500 g (pellets with a diameter equal to or below 12 mm) or 1 000 g for
pellets with a diameter above 12 mm or a minimum of 15 briquettes is required.

7.3 From the test sample, a test portion of minimum 40 pellets or 10 briquettes is selected and stored
in a sealed container to retain the moisture content as received.

4 © IS0 2016 - All rights reserved
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7.4 Forlow density and coarse textured briquettes, a rapid disintegration after submergence in the liquid
may happen, thus the reading can be difficult to take. If this is the case, the briquettes can then be coated by
submerging in liquid paraffin (5.3), preferably at a temperature of 90 °C, before performing the test.

NOTE
slightly.

If using coating, be aware of the additional volume which reduces the measured particle density

8 Procedure

8.1 Procedure for pellets

8.1.1 Fill the glass beaker with water to a filling level which ensures that full submersion jof all pellets
on the submergence dish can be achieved.

8.1.7 Add 1,5 g/l of the detergent (5.2) to the water in the glass beaker and stiP until full jomogeneity
of the liquid is achieved. Position the glass beaker with the liquid onto the bridge.

NOTH At 1,5 g/1 of the above detergent, the critical micelle concentration in water (xCMC f 0,15 g/l1) is
excedded by ten times. It is advised to use a magnetic stirring device for better homogeneity.

8.1.3 Check the temperature of the liquid to ensure that the réguirements in 5.1 are met.

8.1.4 Determine the total mass of a group of at least fourpellets in air and record the measurement to

the nearest 0,001 g.

8.1.5
The {

Position the empty submergence apparatus-onto the designated bracket of the suppdrting frame.

ubmergence apparatus shall not touch the-bottom or the walls of the glass beaker.

8.1.6 Tare the balance to zero while;the empty submergence dish is below liquid surface at

maximum depth.

8.1.7
the s

Remove the submergence apparatus and place the same four pellets as measured in 8.1.4 onto

If pe
this

ubmergence dish and carefully place it back onto the designated bracket of the support

lets of low densityeare'tested (below 1,0 g/cm3), they can float on top of the detergent
ase, use the inverted submergence dish (6.2.3) to force the pellets underneath the liqu

ng frame.

solution. In
id surface. If

pelle] llets instead

of su

ts do not behave)niformly, it can be necessary to perform the test on the individual pe
bmerging allMour pellets in a group.

8.1.8 While'the group of pellets is submerged in the liquid, read the total mass from the jbalance and
record if.to the nearest 0,001 g. The reading of the mass in liquid shall take place immegiately after
submeérSion of the pellets in order to prevent them from up taking any liquid or from decomposition. The
reading can usually be conducted within the first three seconds to five seconds when the displayed value

on the balance is relatively constant.

NOTE It is useful to apply a manually triggered electronic data logging from the balance to a computer, in
order to facilitate the reading particularly if the displayed value remains relatively inconstant.

8.1.9 Remove the pellets from the liquid immediately after recording in order to avoid liquid
contamination by dissolving pellets.

8.1.10 Repeat the procedure of 8.1.4 to 8.1.9 nine times to achieve ten replications in total. Replace the
detergent solution at minimum after ten replications.

© ISO 2016 - All rights reserved
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8.1.11 Determine the total moisture content according to ISO 18134-1 or ISO 18134-2 using a test
portion of the original test sample.

8.2 Procedure for briquettes

8.2.1 Fill the liquid container with water to a filling level which ensures that full submersion of all
briquettes can be achieved.

8.2.2 Add 1,5 g/l of the detergent (5.2) to the water in the container and stir until full homogeneity of

the liquid is

achieved.

8.2.3 Che

8.2.4 Dets
0,01 g. If bri

k the temperature of the liquid to ensure that the requirements in 5.1 are met.

rmine the total mass of a sample briquette in air and record the measuremerit:to the ne
Huettes each of more than 500 g are tested, record to the nearest 0,1 g.

8.2.5 Fix the empty steel loop or any other briquette mounting armature to the-eonnection ring g

string and s
either the wj

8.2.6 Tare

8.2.7 Rem
measured ir
total load in

ibmerge this empty armature to maximum depth. The armaturecshall not be in contact
blls or the bottom of the container.

the balance to zero while the empty mounting armature‘s below liquid surface.

ove the mounting armature from the containercand fix the same sample briquet
8.2.4 to the mounting equipment. Fix it to the €onnecting ring and carefully submerg
Fo the liquid.

8.2.8 Whi
it to the nea|

e the briquette is submerged in the liquid, read the total mass from the balance and rg
est 0,01 g. If briquettes with a totalsmass each of more than 500 g are tested, record 4

nearest 0,1 g. If a sample of a lower density than1,0 g/cm3 is tested, an extra weight shall be fixed t
load to prevent it from floating on top of the\liquid. In this case, the taring of the balance to zero (§
has to include the same extra weight. Theyload shall not be in contact with either the walls or the bg
of the contajner. The reading of the mass in liquid shall take place as soon as possible after subme

of the briq
conducted Y
balance is c(

8.2.9 Rem
contaminati

8.2.10 Rep

tte in order to prevent it from taking up any liquid or from decay. The reading is us
vithin three secondsto-five seconds after submerging, when the displayed value o
nstant.

ove the briguette from the liquid immediately after recording in order to avoid 1
pn by dissolving briquette.

pat theprocedure of 8.2.4 to 8.2.9 nine times to achieve ten replications in total. Replad

arest

f the
with

te as
e the

cord
o the
o the
.2.6)
ttom
rsion
ually
h the

quid

e the

detergent sd

ldtion at minimum after ten replications.

8.2.11 Determine the total moisture content according to ISO 18134-1 or ISO 18134-2 using a test
portion of the original test sample.

9 C(Calculation

9.1 The density of the liquid (water and reagent) when properly prepared is 0,995 8 g/cm3. Apply this
value for the calculation below or use a density, which was determined individually.

9.2 Calculate the particle density of each group of pellets or of each briquette according to Formula (1):

© ISO 2016 - All rights reserved
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where

e8]

pM is the density of either the group of pellets or the individual briquette at the given moisture

content M, in g/cm3;

m, is the mass of the test portion in air (including test portion moisture) as recorded i

8.2.4, respectively, in g;

n8.1.4 orin

Ji

As a
the d
beca

9.3
pelle

10 ]

] is the mass of the test portion in liquid (including test portion moisture) as recotdy
or in 8.2.8, respectively, in g;

| is the density of the applied liquid, as given in 9.1, in g/cm3.

matter of principle, the rise of the liquid surface in the liquid containment, which i
isplacement through the test portion (pellets) or test sample (briquettes), increases tl
ise a larger share of the suspension is now submerged, too. Howeyer; this effect can bd

Calculate the arithmetic mean value of the total number of replications as defined iJ
ts) or 8.2.10 (for briquettes) and report it as the mean particle density to the nearest 0,

Precision and bias

10.1 General

10.2

The
sam¢
takel

10.3
The

Table 1 — Maximum acceptable differences between results obtained

Repeatability limit Reproducibility limits

Pellets 5% 7%
Briquettes 5% 7%
Repeatability

results calculatedin9.3 (performed within a short period of time, but not simultane
laboratory by the same operator using the same apparatus on two representative t

Reproducibility

Fesults calculated in 9.3, performed in each of two different laboratories on represg

1 from the sdme’test sample, shall not differ by more than the values given in Table 1[2].

din8.1.8

s caused by
e buoyancy
neglected.

n 8.1.10 (for
D1 g/cm3.

usly) in the
pst portions

ntative test

port

11 Test report

The test report shall include at least the following information:

a) i

b) i

dentification of the laboratory performing the test and the date of the test;

dentification of the product (or sample) tested;

c) reference to this International Standard, i.e. [SO 18847;

d) results of the particle density as mean value in accordance with 9.3;

© ISO
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e) any unusual features observed during the determination, which can affect the result;

f) any deviation from this International Standard or operations regarded as optional.

8 © IS0 2016 - All rights reserved
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Annex A
(informative)

Stereometric volume estimation

A.1 Suggested volume estimation procedure for regularly shaped cylindrical

brig

Key

juettes which have been cut to achieve regular shape
1721

7

——
———
————

D0

—
R
——

ength

xternal diameter

Figure A.1 — Measurement points at briquettes without central hole

Calliper measurements:

— 1
— 1
The s
Calcy

Length (L): two mieasurements per briquette, each with 90° offset;
xternal diameter (De): six measurements per briquette (twice at both ends and in the m
uggested.number of replications is a minimum of five.

latien:

where

I,  is the volume of the briquette, in cm3;

Ly is the mean length of the two measurements for L, in cm;

Dem is the mean value of the six measurements for D, in cm.
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L length
De external
Dj internal

Calliper meq|

— Length

diameter
Hiameter

Figure A.2 — Measurement points at briquettes with central hole

surements:

[L): two measurements per briquette, each with 90° offset;

— External diameter (De): six measurements per briquette (twice at both ends and in the middle at | L);
— Internal diameter (Dj): four measurements per briquette, twice at both ends.
Calculation:
Vy =V, |-V, (A.2)
where
2
D X7 xL
vy = -S4 2 m (A.3)
and
D|Axr xL
v, = —im m (A.4)
4
where

Vb  is the volume of the briquette, in cm3;

Ve isthe external volume of the particle, in cm3;

V; isthe volume of the hole, in cm3;

10
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