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Abstract

The report describes two methods for separatiompirities of mineral origin from solid biofuel
based on wet- and dry sedimentation, respectivisther, a description of the methodology in
identifying impurities of mineral origin is givemcluding short descriptions of disintegration of
compressed biofuels, sieving and visual inspedimhash content determination. A detailed
description of the complete procedure and methapolall be given in later reports.
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1 Introduction and Objectives

Impurities in solid biofuels are non-biofuel masdriwhich are physically attached to or mixed with
the biofuel considered e.g. mineral matter suckt@ses, sand and soil or metal and plastic pieces.
The impurities potentially reduce the quality oé el and lead to problems related to handling
and combustion including slagging. The presendepfirities could be due to mixing of the fuel
with non-biofuel material or reflect the loggingiorproper handling and storage.

The specific problems relate to the type of biofared impurity. High quality pellets produced of
debarked spruce may have an ash content of 08%, @nd even small amounts of added mineral
content could lead to lowered ash melting tempeeatand consequently slagging in the boiler.

The detection methods for impurities described Wwealkefer primarily to particles of mineral origin,
which may origin from soil and sand introducedhe biofuel during harvesting, transportation and
storage operations.

2 Methods

2.1 Selected methods for determination of impuritie

The proposed detection method is based on wetyaeadiimentation in water or air, respectively.
When the impurities are to be determined in conga@biofuel such as pellets or briquettes an
initial disintegration shall be conducted before tetermination. An initial screening and visual
inspection of larger impurities may be useful tbgetwith a final ash content determination of the
mineral impurities to remove any biofuel dust remrag in the impurities.

As the disintegration, sieving and ash contentrdetetion is based on methods that are described
in standards or are under development within thBITE 335 Solid Biofuels [1, 2, 3] the
equipment and methodology for these operationsomlly be described briefly in the present report.
A detailed description of the full procedure anst #quipment will be given in later reports (DIV.1.
and DII.1.8) and in the best practice guidelinel (D®) when the results of the pre-tests and round
robin are available.
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Determination of impurities in solid biofuels

Optional disintegration

Optional sieving and visual inspection

' !

Dry sedimentation Wet sedimentation

'

Optional ashing

Figure 1. Suggested flow diagram describing the deternonadf impurities in solid
biofuels.

2.2 Disintegration

For determination of impurities in compressed baddusuch as pellets and briquettes, an initial
disintegration of the fuel into the original pakeis may be necessary. The sample shall be
disintegrated in water as described below.

The test portion is placed in a clean and dry thgiration container. 700 ml of deionised water at a
temperature of & (+ 3°C) per 100 g of sample is poured over the tesigurThe slurry is

stirred carefully with a spoon from the bottom apduntil a smooth mush is obtained. The spoon is
rinsed with deionised water, the rinse being addetie slurry. The slurry is sealed with a cover
and left for 24 hours to complete the disintegratio

Using a spoon, the slurry is homogenised and tearesd quantitatively to an adequate number of
drying containers. The spoon is rinsed with deiediiwater, the rinse being added to the slurry. The
slurry is dried at 6T (+ 5°C) until a moisture content between 5 — 15% islieedcIn order to

bring the moisture content of the disintegrated @meld material in equilibrium with ambient
conditions, the dried material is left at room temgiure for 48 hours after the drying.
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2.3 Sieving and visual inspection

For the sieving, a number of sieves and a collagten are required. The effective sieve area of the
sieves should be at least 1200°ciithe geometry of the apertures, the thickneshesieves, the

hole distances and the opening of the holes shkat bccordance with ISO 3310-1 [4] and ISO
3310-2 [5].

Required sieves shall reflect the biofuel in quesg.g. chips could be round hole sieves with hole
diameters of 45 mm, 16 mm and 8 mm respectivelyaametal wire cloth sieve of 2 mm opening.

The sample is sieved on the 45 mm sieve until nihén passing of particles can be observed. The
particles retained on the 45 mm sieve are spreadflat surface and any visible impurities are
collected manually and weighed to the nearest §,0he material, which passed the 45 mm sieve
is placed on the 16 mm and the procedure is repeatatinuously until the fraction of biofuel and
impurities below 2 mm is obtained.

The content of impurities in the fraction below 2nns determined with wet- or dry sedimentation
(Section 2.5).

2.4 Ash content determination

The fraction of mineral impurities obtained wittettvet- or dry sedimentation may have a minor
content of biofuel. Any visible biofuel particleseagoing to be handpicked with a pair of tweezers
and any remaining fraction could be removed bycastient determination according to [3] in an
oven at 550°C.

2.5 Sedimentation

2.5.1 Dry sedimentation principle

Dry sedimentation is based on separation due tsitgestifferences of particles subjected to a
vertical upward or horizontal moving air streameTiorizontal stream principle is used e.g. for
aerodynamic size classification.

The method selected for the present project ischasehe vertical principle where the particles are
subjected to an upward moving air stream, whichiesthe biomass with a relatively lower particle
density upwards and let the particles with a higlersity fall through the air stream. The principle
is well known from the particleboard industry whéris used to separate stone and sand from the
chips (Figure 2).
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Figure 2. Dry sedimentation principle. An upward air streeamries the low density
particles whereas the high density particles sedfinmethe bottom of the system.

2.5.2  Dry sedimentation process

The sample (biomass and impurities) are fed irgaraple container above the infeed channel.
When the sample container is opened the sampldaNitb the bottom of the infeed channel where
it is met by an upward air stream. The air streamies the low-density particles to a cyclone
where they are collected. The high-density padiédi through the air stream to a collecting box
placed bellow the device.

A number of parameters potentially influence thautis of the sedimentation process including the
following:

- Air velocity

- Number of cyclones

- Patrticle size of biomass and impurities

- Concentration of impurities

- Particle density of biomass and impurities
- Moisture content of the biomass
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2.5.3  Description of dry sedimentation equipment

The Sample Cleaner model MLN from Rationel KorngeryFigure 3) uses the vertical air stream
principle described in section 2.4.1.1 to cleanitmgurities from the biomass.

The device consists of the following parts:

A : Sample container

B : Lid

C : Sampling bag for low-density particles colegtin the cyclone
D and E : Screens

Fand G : Collection trays

Further, the devices are equipped with a fan wdjbstable air velocity, which lead the low density
particles into the cyclone.

The specification of the device is as follows:

Height : 735 mm

Width : 580 mm

Length : 680 mm

Weight : 55 kg

Sample size aprox. 1 kg
Motor : 230 V - 0,37 kW
Sound level 82/78 dB

More details can be found in Annex A.
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Figure 3. Sample cleaner model MLN for testing of impustigeft) and principal drawing (right).

2.5.4  Wet sedimentation principle

Wet sedimentation is based on density dependeatat#m of particles in a liquid where the low-
density particles stay suspended in the slurrytaadigh-density particles sediment at the bottom
of the container. The slurry is subjected to aeodr ultrasound to facilitate the sedimentation.
When the sedimentation process is terminated thesited particles (impurities) are collected at
the bottom of the container (Figure 4).

Sedimentation of high-density particles in a vortex

Figure 4. Wet sedimentation principle. A vortex separabesimpurities from the biofuel, and
subsequently the high-density impurities sedimetie bottom of the container.
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2.5.5 Wet sedimentation process

The sample (biomass and impurities) is stirred witlguid (water) in a sample container. The high
density particles deposit at the bottom of the aimetr. The high-density particles can be collected
with a pipette or, alternatively, the slurry canrbeoved from the container.

The gravimetric determination of impurities in sbliiofuels could proceed as follows:
1. Representative sampling according to [6, 7]

2. Mixing of sample and water in container, applyeither stirring of mixture with magneto-
motive force or Ultrasound

3. Sedimentation of impurities

4. Retrieval of impurities on filter paper (e.g. d&yplying vacuum)
5. Drying of filter paper and sample at 105°C

6. Weighing of sample filter paper

7. Calculating of the relative mass of impurities

A number of parameters potentially influence thaulis of the sedimentation process including the
following:

- Ultra sound or vortex

- Patrticle size of biomass and impurities

- Concentration of impurities

- Particle density of biomass and impurities
- Moisture content of the biomass

2.5.6  Description of wet sedimentation equipment

The wet sedimentation equipment consists of a saogoitainer for sedimentation of impurities
(Figure 5A), a vortex mixer (or equivalent equipmetth magneto-motive forces) or equipment
for ultra sound treatment of the slurry and affitgstem including a funnel and filter paper fitted

a vacuum pump (Figure 5B and C). The speed ofttlved and the retrieval of impurities in the
filter system, can be adjusted through the capaditite mixer (alternatively the ultra sound
equipment) and the vacuum pump, respectively. irttatter, the sedimentation rate (distance per
time unit) probably will become the limiting factmrthe system in terms of time consumption.
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Figure 5. Equipment for wet sedimentation of mineral impas from solid biofuels. A: Vacuum
pump. B: Funnel with filter paper and filter flagk: Sample container with vortex mixer.

The equipment presented in figure 5 is fitted feaeple volume of approximately 5 litres
(biomass/impurities and liquid) where the limitifagtors for a larger sample volume primarily will
be the sample container and the funnel. This eqemproan however be adjusted to fit practically
any desired realistic sample size by increasingit® of the sample container and funnel.

All the apparatus have the advantage of being atandboratory equipment and can thus be
purchased from any national or international corgaading laboratory utensils.
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Annex A

rationel
Sample Cleaner model MLN

for testing of grain samples
for impurities

Advantages:

1. An accurate assessment
of the total corsigniTient
§ i 5 aptained.

2. Price can be neqctiated

T

izl on the basis of a cleaned
| ﬁr‘ representative sample.
- 3. Access 1o all vitdl parts af
e the maching & simple.
‘B . 4. Slent and vibration fres

operation.

5, A wide range af products
can be cleanad randgng
from ol seed, rape, to
grain and beans etc.

6. Change of screens can
b2 made In seconds.

.l'-’kp pIICEItID 1

Tre machine Is [deal far
kabaratory of Intake FaCility
of Indeed where ever a
cleaned sample of aran
Iram a karge conskanmant
= required.

Tre cleaned sample also
enables 3 mare accurats
moisture measurament to
b= abtaned.

(€

Marutacturar: Agant:
als rationel kornservice

Gammelby holevsj 4

DK.-67 0 Esbjera Denmark

Tal.: 4575122588

Fax: 457512490 g2

E-mail: rationsl@post10tele.dk
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