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MANU - HANDLING OF BENTONITE PRIOR BUFFER BLOCK
MANUFACTURING
ABSTRACT
The aim of this study is to describe the entire bentonite handling process starting from
freight from harbour to storage facility and ending up to the manufacturing filling
process of the bentonite block moulds. This work describes the bentonite handling prior
to the process in which bentonite blocks are manufactured in great quantities.
This work included a study of relevant Nordic and international well documented cases
of storage, processing and techniques involving bentonite material. Information about
storage and handling processes from producers or re-sellers of bentonite was collected
while keeping in mind the requirements coming from the Posiva side. Also a limited
experiment was made for humidification of different material types.
This work includes a detailed description of methods and equipment needed for
bentonite storage and processing. Posiva Oy used Jauhetekniikka Oy as a consultant to
prepare handling process flow charts for bentonite. Jauhetekniikka Oy also evaluated
the content of this report. The handling of bentonite was based on the assumption that
bentonite process work is done in one factory for 11 months of work time while the
weekly volume is around 41-45 tons. Storage space needed in this case is about 300
tons of bentonite which equals about seven weeks of raw material consumption.
This work concluded several things to be carefully considered: sampling at various
phases of the process, the air quality at the production/storage facilities (humidity and
temperature), the level of automation/process control of the manufacturing process and
the means of producing/saving data from different phases of the process.
Keywords: bentonite; manufacturer; buffer blocks; process automation; storage

MANU - BENTONIITIN KÄSITTELY ENNEN BENTONIITTILOHKOJEN
VALMISTUSPROSESSIA
TIIVISTELMÄ
Hankkeen tavoitteena on kuvata bentoniitin käsittely vaihe vaiheelta, alkaen raakaaineen kuljetuksen satamasta varastoon ja päättyen puristusmuottien täyttämiseen. Työ
käsittää tuotantovaiheen prosessien kuvauksen ennen lohkojen puristusta prosessissa,
jossa bentoniittilohkoja valmistetaan isoja määriä.
Työssä selvitettiin bentoniittimateriaaleille olemassa olevat pohjoismaiset ja kansainvälisesti dokumentoidut varastointi-, prosessi- ja menetelmäkuvaukset. Näiden lisäksi
koottiin tietoa tuottajien ja maahantuojien varastointitavoista, pitäen reunaehtona tilaajan asettamaa puhtausvaatimusta varastoidulle bentoniitille. Tämän lisäksi toteutettiin
rajallinen kokeellinen tutkimus liittyen kostutukseen ja kostutusmenetelmiin eri
materiaaleille ja materiaalityypeille.
Työssä laadittiin yksityiskohtainen kuvaus bentoniitin varastointiin ja esikäsittelyyn
liittyvistä prosesseista ja näihin liittyvistä laitteista sekä menetelmistä. Posiva Oy käytti
Jauhetekniikka Oy:tä konsulttina valmistelemaan bentoniitin käsittelyprosessin kaaviot.
Oletuksena oli bentoniittilohkojen valmistaminen yhdessä tehtaassa 11 kk:n ajan noin
41 - 45 tonnin viikkovolyymilla. Varastointitarpeeksi arvioitiin noin 300 tonnin
bentoniittimäärä, joka vastaa noin seitsemän viikon raaka-aineen tarvetta. Jauhetekniikka Oy arvioi myös tämän raportin sisällön.
Selvityksessä todettiin olevan tarvetta kiinnittää erityisesti huomiota seuraaviin
seikkoihin: näytteiden ottoon prosessien eri vaiheissa, prosessissa käytetyn ilman
laatuun (lämpötilaan ja kosteuteen), automatisoinnin tasoon sekä prosessikontrolliin ja
mahdollisuus datan tuottamiseen ja tallentamiseen eri prosessien vaiheissa.
Keywords: bentoniitti; valmistaja; puskurilohkot; prosessiautomaatio; varasto
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1.

INTRODUCTION

The purpose to this study is to review the bentonite handling process prior to block
manufacturing, step by step from the moment bentonite arrives to the port to the point
when the bentonite is loaded into the compression mould. This work deals with the
description of the bentonite handling process when full size blocks are manufactured for
repository use in large quantities. A preliminary production line layout is presented. No
alternative buffer materials (ABM) were considered.
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2.

BACKGROUND

2.1 Need
Bentonite is needed to surround the spent fuel canister in the deposition hole. Bentonite
is to be placed as bentonite blocks, disks and rings, and pellets, around the canister.
In order for the engineering barrier to work properly, it has to fulfil certain density and
homogeneity requirements that will ensure the final functional requirements, which are
for example low permeability, support of the canister and heat transfer from the canister
to the host rock.
To ensure the density and homogeneity requirements, the block fabrication must be
carefully planned and carried out. This means that a detailed process description must
be done.
Within this project a small laboratory study dealing with the homogeneity of
moisturised bentonite has been carried out.
Quality issues are dealt with in connection with different manufacturing stages. Quality
as a whole must be treated in separate, parallel processes. This present process for
bentonite handling describes the documentation and guides, measurements, monitoring,
and data storing during various phases of the manufacturing process.
The project produces some parts of the design specifications.
2.2 Purchase
The purchase of bentonite is based on known required properties of the material to be
ordered. All relevant properties and their variability should be known. The purchase
will be carried out according to the process description made for that purpose. Several
different bentonite qualities are used for different purposes (buffer blocks, backfill and
other products).
Decisions about strategies used in purchasing (source of bentonite, quality of bentonite,
producer of bentonite, re-seller and amount of bentonite) should be made early in order
to ensure that suitable bentonite is available in sufficient quantities and reasonable price
for many years to come.
The transportation of bentonite is quite an expensive and it is reasonable to ensure that
only valid material is transported globally. The purchase process must be done in such a
way that it will ensure that all necessary documentation of the product will be delivered
with the cargo. This includes also all producers QC-test results from pre-determined
properties.
The current plan for purchasing backfill material is based on several producers because
the amount of backfill is quite large. It is thought that one or two producers will be able
to deliver all the necessary bentonite material.
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3.

HANDLING OF BENTONITE FROM HARBOUR TO PLANT

3.1 Shipment
Bentonite is usually shipped in big bags (flexible intermediate bulk container) in
containers carrying 20 ton (Figures 1 and 2). The use of big bags, causes an extra stage
of operation if the bags are emptied to tank trucks. These big bags must also be water
vapour resistant.
During transportation bentonite is not allowed to be in contact with water vapour or
liquid water, other liquids or chemicals of any kind during the transport from the mine
to the harbour in Finland. The material is not allowed to freeze during the transport by
ship or truck, or during any other phase of the process.
Along with the material a predefined set of documents must be delivered. This
documentation contains detailed information about the shipped material and conditions
during the shipment (for example temperature and moisture monitoring, recorded data).
This data will be delivered with the monitoring instrument along with the cargo.

1m
1m
Figure 1. Container ship.

1m

Figure 2. Typical example of a big bag.

3.2 Unloading and sampling
3.2.1 Unloading

Bentonite is usually shipped to Finland in big bags in containers but larger lot especially
raw bentonite can also be shipped as bulk cargo to Finland. Unloading of containers at
the harbour is done by workers of the shipping agents (Figure 3). The containers are
either stacked in a storage area of the harbour or sent immediately forward by truck or
train. The bulk cargo will be unloaded with a clamshell crane and bulked to trucks to be
transported forward.
It seems probable that Posiva Oy is not going to import raw bentonite due to the quite
small amount needed yearly. If the bentonite used by Posiva Oy will be milled in
Finland from raw bentonite, then the sampling will be done from milled and stockpiled
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material. One common reason not to ship bentonite as bulk cargo is the dust generated
during handling of the finely grinded bentonite.
3.2.2 Sampling

Sampling is done to ensure that the material is acceptable and corresponds to the
specifications stated in the order.
Sampling can be done from big bags directly or from the mass flow during dumping to
the tank truck. Sampling will be carried out according to a predetermined plan. The
sampling will be carried out either in the presence of both parties (the reseller and the
customer) or it will be done by a third party accepted by both parties.
Tests that are carried out from samples taken have been described in Ahonen & Co.
(2008) and Laaksonen (2009). Typical, the most numerous sampling are for tests of
water content, swelling index, CEC (Cation Exchange Capasity), and content of
smectite, organic carbon, sulphide and sulphur. All of these parameters must lie within
predetermined limits to ensure the correct level and homogeneity, otherwise the lot will
be rejected from buffer manufacturing.

Figure 3. Unloading at port. Example from port of Pori, Finland.
Documentation of each lot starts at the harbour and continues until the whole lot is used.
Information of the material used in each block must be gathered and documented. It
may be difficult to document the exact material lot leading to each block, but accuracy
of one to three lots might be reasonable.
The need for QC and acceptance tests will remain the same, whatever the storage
alternative will be: Posiva Oy's own or the re-seller's stock.
3.2.3 Process to handle deviations in conditions or requirements

In case the monitoring during shipment shows that material has been exposed to
harmful conditions, a clarification process must be carried out to ensure the quality of
the material. The process will be started with a written reclamation and continues with a
mutually agreed upon set of laboratory tests. The responsible for the costs associated
with the extra tests will be resolved after the control tests. Posiva Oy or TVO should
make a standardised template or form for this reclamation process.
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3.3 Storage and transport
3.3.1 Storage at harbour

Because the QC-tests will take time, from at least 2 to 5 days, the question of storage
during this interval of time should be carefully considered. To eliminate additional
transport it might be reasonable to let the lot wait at the harbour during the acceptance
tests and decision of approval. This is not a problem with containers. Raw bentonite is
not a problem either because it will be transported to the re-sellers premises.
The storage conditions must be monitored throughout the storage period and the data
collected either stored or reported immediately. This need applies to all storing of this
material whatever the place is.
3.3.2 Storage at re-seller's stock

Re-sellers operating in Finland have explained that bentonite is imported to Finland
either as a ready product or as raw bentonite, and then it is stored in cold or even warm
warehouses protected from wind and rain. The gradation of raw bentonite is similar to
crushed rock.
Typically bentonite comes in big bags, which means that if the material is transported to
the customer by tank trucks then the big bags must first be bulked to the tank truck. This
is an extra work item. From the truck, the material is moved pneumatically to the
customer's store. Re-sellers usually suggest the use of silos if the storing time is longer.
To avoid contamination from tank trucks, truck tubes or compressed air, it is important
that the tanks, tubes and compressors are well cleaned and maintained. Only a local
compressor belonging to the facility should be used. It may be difficult to avoid
contamination if the truck and tanks are also used for other materials. In that sense the
big bags provide a more contamination-free alternative.
Dasico As, a Danish re-seller has their warehouse located in Naantali, Finland. From
there the material is distributed either by truck in big bags or tank trucks.
SP-Minerals Oy brings both ready products as well as raw bentonite, which is milled in
Finland in Kristiina and stored in silos or warm stores. Distribution is done accordingly.
The amount of imported raw bentonite is always larger, being up to 7000 - 10000 tons.
It can be assumed that all re-sellers can arrange temporary storage for batches up to 500
- 1000 tons if necessary. A reasonable delivery size of finished product might be around
500 tons per shipment.
3.3.3 Transport from port to customer

If the bentonite is transported from the harbour to the customer’s premises in big bags
then the material must be dumped from big bags to a conveyor (screw conveyor,
pneumatic conveyor) for transporting to storage silos. This will require a protected (dry,
warm) warehouse for the necessary equipments.
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If, on the other hand, bentonite is transported in tank trucks (Figure 4), it is enough to
transport it directly from the truck to the silos pneumatically.
As a result from earlier acceptance tests, the average water content of the accepted lot is
known. This information must be recorded and used in later manufacturing stages.
It may happen that drying would be needed for some reason. It is possible to add a
drying unit in line, either before or after the storage. It is more practical to purchase
slightly too dry material than too moist, because drying needs space, energy and time.
The material is not allowed to freeze during any stages, inlcuding the transport by ship
or truck. The conditions must be monitored during the truck transport, at least during
winter time – from the beginning of October to the end of April.

Figure 4. Dry bulk cargo trailer (www.trailerking.com 30.12.2008).
3.3.4 Storage at customer

Posiva Oy has a facility reservation for the bentonite block production plant and raw
material storage at the ONKALO area. This ensures the buffer production near by the
repository. This does not mean that this option will necessarily be used.
There are two basic ways to store the bentonite at the ONKALO production facility,
either in silos and/or in the original big bags. This choice has an effect on the building
and silo volumes needed and it also has an effect on the production process itself.
If the amount of bentonite transported at one time is only meant for the buffer blocks of
one repository hole then the storage volume of the silo can be quite low corresponding
to ca. 30 metric tons and ca. 50 m3 in volume. This amount of material in big bags is
also very easy to locate in the factory.
If the amount of bentonite is planned to cover the needs of several months, then the silo
must be sufficiently large. Three months of material requirements corresponds to ca. 10
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holes and 250 tons, and therefore the silo volume must be at least 300 m3. For practical
reasons it may be reasonable to use two separate silos (see Figure 5).
To ensure that the air dry bentonite will flow out of the silos to the conveyor it may be
useful to equip the silos with fluidisation techniques.
Also this amount of material is possible to store in big bags in a separate high storage
hall.
There may be a need for additional silos if additives like quartz sand or similar are
mixed to the bentonite. Naturally, if the amount of additive is small, a small silo (or
other storage unit) can be situated near the mixer in the plant.
The conditions in the silos or storage hall must be monitored during the storing, at least
during winter time – from the beginning of October to the end of April - because
bentonite is not allowed to freeze. Damages, like leakages in silos, will be noted through
moisture control of flowing material.

Figure 5. 80 m3 and 60 m3 silos. (www.jauhetekniikka.fi).
Simple test to illustrate the effect of moisture
A test was carried out to study the influence of relative humidity on the moisture
content of bentonite material stored uncovered in free air.
Two materials were used:
one powder, Milos AC-200 by SP-minerals
one crushed/milled bentonite, MX 80 by Askania Ab.
Four different relative humidity levels were obtained by locating the materials in
normal (fluctuating) laboratory humidity and conditioning rooms having 50 %, 65 %
and 95 % relative humidity @ +20…22 °C. A fourth environment was the uncontrolled
normal laboratory room air.
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Soon after the test started it became evident that at lower levels of relative humidity, all
≤ 65 %, the samples were drying or adsorbed only a little moisture from the air. Only in
the 95 % relative humidity was the moisture increase immediate and significant. Figure
6 shows the moisture behaviour of originally air dry specimens in different conditions
over approximately six months. Peaks were due to condensation in the room.

90 %
MX-80,
room air

Water content (by mass)

80 %

MX-80,
RH 50%

70 %
60 %

MX-80,
RH 65%

50 %

MX-80,
RH 95%

40 %

AC-200,
room air

30 %

AC-200,
RH 50%

20 %

AC-200,
RH 65%

10 %

AC-200,
RH 95%

0%
1.9.2008 1.10.2008 1.11.2008 1.12.2008 1.1.2009 1.2.2009 1.3.2009 1.4.2009

Time

Figure 6. Moisture behaviour of bentonite in different relative humidity levels over
time.
3.4 Transport to process
3.4.1 Transport from silo to process

Bentonite can be transported from the silo to the moisturising and mixing process either
by belt or screw conveyor (Figure 7), but the easiest way might be a pneumatic
conveyor. Transport of non-fluidised materials, including additives like quartz sand, can
be made with an inclined, vibrating tube conveyer. During transport the material should
go through several processes: separation of metals (if needed), breaking of clods, prescreening and dust extraction.
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Figure 7. Silos and screw feeders/conveyors (www.eirich.com).

During the transport, at latest during the batching, the average moisture content and its
variation have to be known. The moisture content can be measured and monitored and
the necessary values determined (Figure 8). Real time monitoring can be made from
transducers installed for example in the conveyors. Commercially available solutions
and transducers exist for for such purpose. One family of products uses a capacitive
technique to measure the dielectric value of material passing by. Another technique uses
microwaves for the same purpose (www.hydronix.com and www.sintrol.com,
respectively). This value can be calibrated, with constant bentonite material, to measure
and represent the actual moisture content.
All measured and monitored information must be collected and stored in such a way
that measured properties of each lot can be traced backwards. A database should be
created for this data.
3.4.2 Pre-screening

Before entering the mixer the material should go through a unit breaking any clods that
might have formed in the silo or pipelines. After breaking the clods the mass should go
through a sieving unit to remove any larger particles that might have followed from the
silo through the line. There are at least two possibilities for this pre-screening: flat
screen and centrifugal screen (also called centrifugal shifter in the industry). Both
techniques can be integral parts of the transport system. A centrifugal screen is more
efficient for larger material volumes and it can separate all larger particles away from
the mass flow.
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Figure 8. Moisture measurement possibilities and the feedback in the process
description. Modified from the original by Hantor-Mittaus Oy (www.hantor.fi).
3.4.3 Dust extraction

All pneumatically operated conveyors must end with a dust extraction unit to restrict the
amount of dry bentonite dust. Although bentonite is classified as non harmful, it is not
recommended to be exposed to unnecessary dust for long periods. If belt conveyors are
used, those can be troughed and targeted dust extraction used (Figure 9).

Figure 9. Two troughed roller conveyors. (http://wwww.guttridge.co.uk).
3.4.4 Transport to batcher

After sieving the mass is transported to the batching/mixing equipment. A screw
conveyor might be the best solution for this short distance (Figure 10). All screw
conveyors shall be of the progressive type.
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3.5 Batching
There must be batching equipment (with automatic balances, Figure 11) before or above
the mixer to enable accurate measurement of the air dry mass to the mixer. The final
sampling (manual or automatic) could be done at this stage and the result could be used
to fine adjust the amount of water to be added during mixing. From the batching
equipment the mass is either dropped or transported to the mixer by a screw conveyor.
If manufacturing of blocks is continuous, then the batching equipment can be located
just before the compression mould. Otherwise the process may need another batcher
under the silo.
As noted earlier, it is essential to know the moisture content of the material poured to
the batching equipment. This means that the moisture content of the material must be
continuously monitored.
There must be separate batching instruments for water to be added (flow measuring and
controlling devices) and other additives.
If large objects are being manufactured and a smaller mixer is chosen, then several
successive batches must be made and combined after the mixer.

Figure 10. Screw conveyor, progressive type. (www.jauhetekniikka.com).

Figure 11a. Batching equipment, one example of application.
(www.jauhetekniikka.com).
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Figure 11b. Scale assembly with metering units. (www.eirich.com).

3.6 Shortcomings with each conveyor type
There are three major methods to transport granular material in this process: belt
conveyor, screw conveyor and pneumatic conveyor. All of these have some
shortcomings in relation to this application. Belt conveyors are always suitable, but they
are perhaps more expensive and also need protective covers to eliminate dust and
material contamination. Screw conveyors are an accurate and efficient method but they
may be clogged if too moist and cohesive material is transported at high inclinations.
Pneumatic conveyors are well suited for transportation but their accuracy has to be
tested and this technique needs an efficient dust extraction unit with all transport tubes.
In addition to these, there is also the vibrating tube conveyor that may be possible to use
for some granular materials.
Both pneumatic and belt conveyor expose the material to drying. In the pneumatic
conveyor, the temperature of compressed air tends to rise in the pump to rather high
level. This may dry the bentonite and thus it may be necessary to cool the compressed
air down to normal/ambient levels before using it for transport.
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4.

MIXING PROCESS

Mixing is done in order to a) homogenise the mass and b) moisturise the mass to a
certain level. The moisture level is chosen based on a few requirements: a) the moisture
level should be correct to eliminate deformations and failures during the installation, b)
the material should be nearly saturated after the compression and c) the block must have
a certain dry density value to ensure that the hole is filled totally from swelling
bentonite and the end saturated density is ca. 2000 kg/m3.
Additives, such as some inert material in the form of air dry granulate or powder, can be
batched simultaneously and added to the mixer.
The mixer could be an Eirich model, such as RV19 (2400 kg max. batch, normal
atmosphere) (Maschinenfabrik Gustav Eirich GmbH & Co KG). Another mixer
manufacturer is Forberg As, in Norway (http://www.forberg.no). Forberg is producing
efficient and fast batch mixers, where the batch eventually goes through the mixing
bowl in the vertical top-down direction. By using a lower capacity but fast mixer it is
possible to collect several smaller batches to a temporary closed container to form the
larger full batch.
4.1 Moisturising
Water is added to the bentonite during the mixing. The correct way to add water is still
studied.
One way is to inject or spray water on the flowing surface of the granular bentonite/
bentonite powder in the mixer. Another technique deals with frozen soil and water. In
this method both the bentonite material and water are frozen and water is added during
the mixing in the form of snow or ice crystals. It might be possible to add water directly
in to the mixed mass, but it would need modification in the mixers.
Before the mixing process, a mix design must be developed. The target mix design (dry
density, water content) for each material comes from the design basis documentation.
The amount of added water for each batch must be calculated and remotely
programmed into the control unit. For the calculations, one has to know the initial water
content of the bentonite coming to the mixer. This can be measured with real time
moisture sensors located in the flowing bentonite. This means that the last moment
tuning of the process is possible due to feedback (Figure 8).
There still remains a lack of knowledge on the method for adding water. The main
question that remains is what is the easiest, yet still powerful method that ensures
homogenous moisture after mixing.
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4.2 Mixing - variables to be optimised
4.2.1 Rotational speed and shaft technology

For the mixing process, one must also optimise the speed of rotation used during
mixing. For example, with Eirich-mixers the speed of rotation can vary within a wide
range. Another variable to optimise is the use of intervals - periods of slow and high
speeds of rotation during mixing. High speed can be used to break down possible clods
due to defects in moisturising.
Forberg As manufactures batch and continuous mixers also for building materials.
Forberg As uses Twin Shaft® technology to mix also abrasive materials "fast, gently and
perfectly".
4.2.2 Effect of air

There is also the open question about the effect of air in the mass before and during the
mixing and compression. Does the amount of air negatively affect the density of the
compressed block or does it cause a need to increase the compressing pressure? It is
possible to decrease the amount of air during the mixing and transport. In fact, these
processes can be done under partial or full vacuum. But when the material is put into the
mould, all pore space is filled with air again, unless some kind of an inert shielding gas
is used.
Air, if trapped in the pores of moist material, may be pressurised during the
compression. The pressure thus created is markedly smaller than the compression
pressure (uniaxial or isostatic). Air in the pores will not affect the compression work or
resulting density. This air may however affect the permeability and thermal conductivity
of the block in the near future, before the block is totally saturated under prevailing high
pressures. So more homogenious blocks can be manufactured if the pressing is done
under vacuum.
4.2.3 Mixing in frozen state

Mixing fine grained frozen bentonite and ice is easy and efficient. The volume increase
of ice (frozen water) will be compensated with null volume increase due to dry
constituents. Adding liquid water will immediately increase the volume of the mixture.
Another advantage is that no clods will be formed during mixing and the mixer is easy
to empty and keep clean.
Use of cooled bentonite (temperature < 0 °C) and frozen water as snowflakes, ice
crystals or pulverised ice in different variations will still require special attention to
ensure homogeneous block products with respect to both moisture and density. Also
care must be taken to allow the material to melt and spread evenly before compression.
Otherwise it has to be shown that the ice will melt during compression, will be
distributed evenly through-out the volume and will form a homogeneous material.
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4.2.4 Using continuous mixing

The basic mixing procedure is based on batch type mixing, where one or several batches
are mixed and from those batches a buffer block is pressed. The other process that can
be utilised is based on a smaller continuously operating mixer where bentonite and
water are mixed efficiently and transported to a temporary storage. This storage can be a
silo or other container large enough to take at least the mass of one block. This
technique also requires constant moisture monitoring and an automatic water (or ice)
supplying system.
Compared to batch mixing, where all ingredients can be weighed accurately and after
efficient mixing the mass will be homogenous, the continuous mixing method produces
a mass where the properties will vary slightly from time to time due to control and
mechanical feedback loop, thus causing small inhomogeneity in the mass.
4.2.5 Material homogeneity

Mixing produces homogeneous material with respect to particle properties, particle
distribution and moisture. If the material is properly handled, no segregation or sorting
can happen. The homogeneity of the mixed material is possible to test with trial
mixings.
Moisturising may cause clods and these have to be eliminated by mixing or removed
from the mass. Removing will cause the need of an extra sieving machine and thus will
alter the mass of the batch, so it is better to develop the moisturising and mixing process
to produce no clods.
The existence of clods of any size, having clearly a larger water content, should be
avoided. This is due to fact that a high water content increases the permeability and
there is a possibility, that these clods might form a pathway through the buffer having a
higher permeability than required. It should be noted that the requirement for the buffer
are not clearly presented and should be defined more precisely regarding whether
average or absolute minimum values are accepted.
The moisturising and mixing process should be planned in such a way that the mixer
will remain as clean as possible and no clods will form or stick to the mould. If the
mixer needs temporary or constant cleaning it should be carried out fast, with a pressure
washer and warm air heater to dry the surfaces afterwards.
4.2.6 Granulating

It is possible to make granulates from raw bentonite powder with sophisticated mixers
(Figure 12). Yet production and quality control of granulates seems more reasonable to
be done elsewhere where the space and conditions are better suited for granulating.
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Figure 12. Eirich mixer, granulating unit. (www.eirich.com)
4.2.7 Quality issues

Each part of the whole chain from transport, batching, moisturising to the mixing
process contains several quality related items. Most important is the accurate
determination of mass and moisture. This means that the transducers must have a
correct capacity, sensitivity and accuracy. These transducers must also be suitable for
conditions where they are used. Accurate measurement of quantities requires accurate
instruments and data loggers, which will be periodically checked and calibrated. This
means not only periodic calibrations made by external organisations but also internalday by day - checks with dummy specimens (mass and moisture).
The moisturising process will require flow meters to be used to control the added
amount of water. These flow meters must also be included to check and calibrate the
process. The same applies for mass temperature measurements.
For the documentation purposes, a sample of raw material will be taken after mixing.
This sample ensures material properties and moisture content to be checked later if
necessary. The quality control sampling interval needs to be defined.
4.3 Mixing - empirical part
Some small scale testing was done to determine the moisture homogeneity of a mixed
mass and the amount of clods due to water drops and moist bentonite layers attached to
the surfaces of the bowl of the mixer during mixing. Three different mixing equipments
were used: 1) a normal concrete mixer (Zyklos, capacity 30 litres, 250 rpm), 2) a Hobart
H400 mixer (bowl capacity 15 litres, 167 rpm), 3) an Eirich laboratory mixer (capacity
up to 12 litres, 350 - 5000 rpm).
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Three different bentonite materials were used:
MX-80 sodium bentonite received from Wyoming USA through Askania Ab,
Sweden in September 2008
IBECO SEAL S-GFS granulated calcium bentonite from Milos Greece by LUX
Oy, taken in May 2008 from big bag in Riihimäki
AC-200 calcium bentonite powder from Milos Greece by SP-Minerals, received
from Kiikala in summer 2008.
A five kilogram air dry sample was mixed and moisturised and then at the end the
homogeneity of the moisture content was determined. The whole sample was divided
into 16 parts and the moisture content for each sub-sample was determined.
Sources for inhomogeneity are the measurement uncertainty (low), clods due to uneven
spraying, and moister material stuck to the surfaces of the mixer that was manually
removed and mixed back to the batch.
It was found that the homogeneity was very good if no water was added. It got only
slightly worse if water was added and the material was crushed bentonite or granulates,
but it got clearly worse when the material used was powder.
The largest deviation from the average of the results was inside ± 0.4 %-unit. This result
indicates that there should not be any difficulties to get a homogeneous mass with
respect to the moisture and required dry density, if the mixer used is efficient and the
water is supplied in such a way that it is fed directly to the flowing bentonite. The
results of this test series (average and coefficient of variation) are shown in Figure 13.
These results, although based on very few experiments, shows that:
o The mixing should be efficient to ensure that no larger clods are formed (existence
of clods must be consider as safety issue),
o Water must be sprayed into the flowing mass in such a way that nothing sticks to the
surfaces of the mixer itself, causing clods.
o Powder, although having other beneficial properties, is more prone to forming clods.
o The amount of added water affects the level of deviation - the more added water the
more deviation.
Removal of clods after mixing by sieving is possible an easy to do, but then the follow
up of the mass becomes more challenging. It is also possible to crush the clods back to
the mass.
Some separate tests were carried out to see how fast the water added to the surface had
moistened the whole pellet (Figure 14).
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4.3.1 Conditioning/equilibrium time

After mixing there may be a need to let the mass to reach the moisture equilibrium. This
may take hours, days or even weeks. This phenomenon and the time needed must be
studied in advance.
Water content
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Figure 13. Results of mixing and moisturising tests with three materials and different
moisture contents.
4.3.2 Testing conditioning time

Two simple test series were made to study the moisture equilibrium time in pellets.
Cebogel QSE pellets by CEBO Holland B.V were used (100 % activated sodium
bentonite). These pellets are rod-shaped and have a diameter of ca. 6 millimetres and
length between 5 to 20 millimetres.
First test series
Four groups of pellets containing five each were chosen manually to ensure the same
length for each pellet. One reference group was put aside and three groups were
moistened with a wet hand towel for a few seconds. After that each individual group of
pellets was compressed to the maximum load after certain waiting periods.
Instead of showing gradual softening, loss of stiffness and loss of strength it was found
that this indirect method only showed that the dry reference pellets were stiffer and had
more tensile strength than the moist ones.
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Second and third test series
In the second series seven individual pellets were chosen and the test procedure was as
follows: six pellets were moistened similarly as in the previous tests by wet hand
towels. And in the third series also seven individual pellets were chosen and the test
procedure was as follows: six pellets were moistened similarly as in the previous tests
by wet hand towels.
Then for the third series specimens, after a pre-determined waiting period, the
individual dry and surface moistened pellets were peeled (ends were cut of and the outer
surface peeled off with sharp knife). And the water content of the remained core was
determined. This series showed clearly that it takes some time for the water to enter the
centre part of the pellet.

Moisture content, centre of pellet (%)
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Figure 14. Time for the surface moisture to reach the centre of a pellet. Two series,
both with different average moisture level.
This relationship is described in the figure above (Figure 14). It can be seen that it takes
60 - 120 minutes for the moisture to reach the centre of a pellet. The dry pellet has the
lowest water content. The horizontal red and blue lines shows the average moisture
level of all six pellets after moisturising.
4.4 Moisture homogenisation time
After mixing there may also be a need to let the mass reach a moisture equilibrium at
the particle level. This may take time and this phenomenon and the time needed must be
studied in advance.
There are at least two alternative solutions that can be used to obtain moisture
homogeneity.
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-

The first alternative contains a pneumatic conveyor and a silo or two where the
mixed material will be transported and stored until the homogeneity has been
reached. After the pre-defined time a weighed amount of material is dropped or
moved to the mould. The silo can contain material for several blocks.

-

The second alternative (applicable for the isostatic method) relies on storing each
full batch in a temporary tight steel container or better still in the compression mould
itself. The use of moulds directly is preferable because it avoids extra work phases.
Also in this process the full batch (one block) can be combined from several small
batches, being stored in a container during all the separate mixings.

4.5 Transport to compression process
The mixed and moisturised bentonite mass (powder, granules or pellets) have to be
transported from the mixer or temporary stock silos to the compression unit. The
distance should be short and during the transport no drying of the mass or any
contamination from dust or other particles is allowed to happen. The best choice for
transporting material to the compression mould is the screw conveyor.
There may be a need to control the average moisture content of each batch. This can be
done with calibrated automatic sensors or by manual sampling. It will take at least 15
minutes after manual sampling to receive the result.
The material must be transported and put into the mould in such a fashion that no
segregation in the mass will happen. This may require special equipment to supply the
material flow in different parts of the mould using some regular pattern. The
homogeneity of the block is a quality issue, which has to be tested and verified before
large scale manufacturing. Inhomogeneous material may cause the buffer to not meet
the functional requirements.
If there remains any doubt of the mass and moisture of the material placed in the mould,
a control study must be made.
Naturally, if the mass was put directly to the compression mould, one only has to wait
until the material moisture has homogenised before the pressing process.
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5.

PRELIMINARY PRODUCTION LINE DESCRIPTION FOR BUFFER

A preliminary layout of a buffer production line is shown in Figure 15. This layout was
drawn by Jauhetekniikka Oy. The processes in the facility are described shortly below.
Additional information and background for certain choices and drawings of a possible
facility have been given in Annex 1.
Processes in the facility:
-

Unloading/discharging/unpacking and stocking the big bags or transport to silos.
Transport to mixer through clod breaker, centrifugal sieve and batcher. There may
also be a dryer and a metal detector/stripping in the line.
Mixing process together with water addition.
Temporary storing either in silos or compression moulds. From silos to mould after
conditioning time.
Transport of moulds to press, vacuuming, pressing of blocks, unloading the moulds.
Transport to machining, acceptance and identification process and buffer store.
Buffer blocks are either covered carefully (hermetically) or stored in an atmosphere
that will not harm the blocks.

The very preliminary estimate of the building area needed is ca 1 300 m2 and the
maximum height of the facility is 18.7 meters. The total volume is ca 2 500 m 3. In this
version the bentonite is stored in big bags and the maximum amount of bentonite in
stock can be 312 metric tons.
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Figure 15. A preliminary production line layout for buffer blocks, see annex 1.
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6.

PROCESS ALTERNATIVES

There are different ways to realise some parts of the process described above. The first
modification deals with the pre-screening and metal separation phase of the process. It
is possible to carry out these stages while the truck is unloaded at the silo. In this
alternative the material in the silos are then clean from larger particles and metals.
The tank truck transport can be replaced totally by using the big bags for transport and
storage purposes all the way from the country of origin to the warehouse in the
production facility (one alternative is ONKALO).
It is also possible to substitute the screw conveyors with containers transported by
forklifts or conveyors operating on the floor or by hanging containers moving along
tracks fixed to the ceiling. Whatever the transport technique will be, there must be a
system to feed the material evenly to the compression mould.
Drying of bentonite is also possible if needed. Drying is needed if the raw material is
too moist due to a) humid or wet transport conditions or b) the block manufacturing
requires drying of the bentonite. Both alternatives are dealing with smaller batches and
are typically rare. The latter may deal with all the material, if a very high dry density is
needed and the producer is not willing to dry the material enough before shipment.
The process of bentonite mass production can be based on a continuously operating
small and efficient mixer. It this alternative the monitoring of the moisture content of
the flowing bentonite (from the silo to mixer) is extremely important for adding the
correct amount of water during mixing. Similarly it is important to monitor the moisture
content of the mixed, finished product to ensure the homogeneity of the mass in the
temporary storage.
There are two alternative techniques after the mixing. In the first alternative the mixed
mass is transported to a silo, and after a conditioning period the mass will be fed into
the compression moulds. After this the mould will be installed in the press and pressing
can happen immediately. In the second alternative the mixed mass will be fed directly
into the moulds. And after a conditioning period the rest of the process is similar.
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7.

QUALITY ISSUES

This chapter describes the overall quality management (QM) system which will
guarantee that the necessary properties of the ESB (Engineering Barrier System)
solution are achieved.
Quality management must determine how the final block quality verified, without
sampling from the block itself. The quality must be based on sampling of raw materials
and monitoring of the moisture content together with measuring the dimensions and
mass of the fabricated blocks.
The quality control will evidently cover the whole chain from raw materials (bentonite,
water, additives) through block manufacturing and transport to deposition hole
dimensions, block and canister installation and backfilling together with possible
saturation.
It is of vital importance to ensure complete documentation, sampling, measuring,
monitoring and data collection and storage, first to ensure the quality and secondly to be
able to produce all necessary quality related documents.
All information, from both the quality and process, must be traceable, including
calibration values of various transducers, mass and moisture values during
manufacturing, temperature and humidity.
There will also be separate quality control processes to handle the R&D work carried
out in advance or parallel to the repository activities.
Quality requirements have been set by authorities via for example STUK-YVL 3.1
(Nuclear power plant systems, structures and their safety classification. In Finnish:
Ydinvoimalaitosten järjestelmien, rakenteiden ja laitteiden luokitus). More specific
requirements will be set for bentonite products later in a similar manner as has been set
for concrete structures and their constituents (Conrete structures nuclear facilities. In
Finnish: Ydinlaitosten betonirakenteet 22.5.1992. YVL 4.1, see 3.4.2 Materials and 3.8,
Quality control plan and Appendix 1.).
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8.

OTHER ISSUES

The following list gives topics that still should be included within the scope of future
reports or quality control guidelines:
-

Cleaning of all storage rooms, pipelines, tubes, dust extractors, conveyors and
equipments.

-

Cleaning of tanks, trailers and tubes of transport trucks before bulking.

-

Sampling points (several or only before mould?), sampling technologies (manual,
automatic or continuous electronic monitoring).

-

Time required for the manufacturing the blocks for one hole - this is an important
parameter.

-

Block manufacturing technology (Isostatic or uniaxial) and requirements for
machining.

-

Dust and safety allowances in the work environment, requiring written guidelines.
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9.

SUMMARY

-

All necessary information concerning the material purchase, handling and QM is
soon available and will be ready to be used for making the final process description.

-

All necessary technology, devices and knowledge, to create an operable bentonite
handling process is available.

-

Knowledge on moisturising and mixing will be available in time, within a couple of
years. If necessary, research can be continued in co-operation with other parties.
This information balances the various parts of mix design - moisture, dry density,
tensile strength, air permeability, swelling pressure, swelling volume.

-

Research is needed to gain necessary knowledge of the block manufacturing, and the
final choice of compression method will dominate the block properties achieved.

-

More information is needed about the storage arrangements.
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10.

RECOMMENDATIONS

Posiva Oy should:
-

Make a QM -system for the whole process and for all sub-processes.

-

Start the planning of the block manufacturing plant and material handling in cooperation with SKB - in case the manufacturing will be done locally/nationally.

-

Make the mix design guide and its justification to ensure reliable and functionally
correct block manufacturing.

36

37

REFERENCES
Ahonen, L. & Co. Quality Assurance of the Bentonite Material, Posiva Working Report
2008-33. May 2008.
Laaksonen, R. MANU - Purchase of Bentonite - Process Description. Posiva Oy.
Working Report 2009-64. Posiva Oy.
STUK-YVL 3.1, Luonnos 2, 22.08.2008. STUK-YVL 3.1 Nuclear power plant
systems, structures and their safety classification. In Finnish: Ydinlaitosten
järjestelmien, rakenteiden ja laitteiden luokitus.
STUK-YVL 4.1, Conrete structures nuclear facilities. In Finnish: Ydinlaitosten
betonirakenteet, 22.5.1992.

38

39

ANNEX 1. THE HANDLING PROCESS OF BENTONITE POWDER PRIOR
BUFFER BLOCK MANUFACTURING.

40

41

REPORT
479 240309
Kotka 24.3.2009
Jukka Kousa

The handling process of bentonite powder prior buffer
block manufacturing

Postiosoite
Postal address
Alasuutarintie 22
SF- 48400 KOTKA
FINLAND

Puhelin
05-218 4270
Telefax
05-218 4290

Phone
+358 5 218 4270
Telefax
+358 5 218 4290

Email:
mail@jauhetekniikka.fi
Internet:
www.jauhetekniikka.fi

42

REPORT
479 240309
Kotka 24.3.2009
Jukka Kousa

TABLE OF CONTENTS
1

INTRODUCTION.................................................................................................. 1

2

GENERAL INFORMATION ON THE MANUFACTURING PROCESS .................. 2

3

DESCRIPTION OF THE PROCESS .................................................................... 3
3.1 Storage .......................................................................................................... 3
3.1.1
Alternative 1 .................................................................................. 3
3.1.2
Alternative 2 .................................................................................. 3
3.2 Conveying and dosing of the bentonite .......................................................... 4

4

REMARKS ON THE EQUIPMENT OF THE BENTONITE HANDLING
PROCESS ........................................................................................................... 7
4.1 The silos ........................................................................................................ 7
4.2 Conveyors ..................................................................................................... 8
4.3 Lump breaking ............................................................................................. 10
4.4 Sifting........................................................................................................... 10
4.5 Removal of metals ....................................................................................... 10
4.6 Drying .......................................................................................................... 10
4.7 Mixing and Moisturizing ............................................................................... 11
4.8 An intermediate storage after mixing and moisturizing ................................. 12
4.9 Dust extraction ............................................................................................. 12
4.10 Other things to consider ............................................................................ 12

APPENDICES
drawing 479001-1
drawing 479002-1
drawing 479003-1
drawing 479004-1
drawing 479100-sheet 1
drawing 479100-sheet 2
drawing 479101-sheet 1
drawing 479101-sheet 2
drawing 479102-sheet 1
drawing 479101-sheet 2

Postiosoite
Postal address
Alasuutarintie 22
SF- 48400 KOTKA
FINLAND

Puhelin
05-218 4270
Telefax
05-218 4290

Phone
+358 5 218 4270
Telefax
+358 5 218 4290

Email:
mail@jauhetekniikka.fi
Internet:
www.jauhetekniikka.fi

43

REPORT
1
479 240309
Kotka

24.3.2009
Jukka Kousa

1.

INTRODUCTION

This consultation work is mainly based on assessment and commentary on special
researcher Rainer Laaksonen’s suggested operations models in his study MEMO
“Handling of bentonite”.
This consultation work is a suggestive report of different storage methods and
conveying solutions that are needed in the manufacturing process of buffer blocks.
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2. GENERAL INFORMATION ON THE MANUFACTURING PROCESS
The manufacturing process of buffer blocks is designed for a capacity of 2000 t per
annum, which means a manufacturing capacity of 41-45 t/week in 11 months labour
time.
Storage capacity is approximately 300 t, which is equivalent to roughly 7 weeks
demand of raw material.
In this study, the storage of the raw materials and the whole manufacturing process is
assumed to be carried out in a single plant. The delivery of the raw material to the plant
is done either in bulked form with tank trucks or in big bags (FIBC’s) that are
transported in freight containers.
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3. DESCRIPTION OF THE PROCESS
3.1
3.1.1

Storage
Alternative 1: big bags

Appendices: 479002-1, 479004-1, 479100-sheet 1,
479100-sheet 2, 479102-sheet 1, 479102-sheet 2
Necessary quality samples tests are taken from the bentonite batches in the big bags
(FIBCs) when they arrive at the plant in freight containers. The batch codes of the big
bags are stored in to the plant’s data system.
In the next phase the big bags are stored in to the plant’s intermediate storage to wait for
the analysis and acceptance of the material samples for production.
3.1.2

Alternative 2: tank trucks

Appendices: 479001-1, 479003-1, 479101-sheet 1, 479101-sheet 2
479102-sheet 1, 479102-sheet 2.
Necessary quality samples tests are taken from the bentonite batch when it arrives at the
plant in a tank truck. The batch code of shipment is stored in to the plant’s data system.
After sampling, the raw material is conveyed into one of the six (6) storage silos, which
size is 60 m3 each. (picture 1).

Picture 1. A tank truck and storage silos
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After the analysis and acceptance of the material samples, the material can be used in
production.
3.2

Conveying and dosing of the bentonite

In the alternative 1 (big-bag deliveries), the quality accepted raw materials are
transported from the intermediate storage to a big bag discharge station (picture 2) with
a fork-lift trucks. The big bags are then emptied into the big bag discharge station and
pneumatically conveyed into an intermediate storage silo, which volume 45 m3 is
equivalent to a one weeks production.

Picture 2. Example picture of a big bag discharge station.
The pneumatic conveyor from the big bag discharge station to the intermediate storage
silo can be designed for a conveying capacity of 10 t/h whereby the filling of the silo
takes about 4,5 hours. The emptied big bags are baled with a garbage press.
From the intermediate storage silo the material is conveyed with screw conveyor or a
rotary valve into a lump breaker (picture 3), which breaks down the possible lumps in
the material.

Postiosoite
Postal address
Alasuutarintie 22
SF- 48400 KOTKA
FINLAND

Puhelin
05-218 4270
Telefax
05-218 4290

Phone
+358 5 218 4270
Telefax
+358 5 218 4290

Email:
mail@jauhetekniikka.fi
Internet:
www.jauhetekniikka.fi

47

REPORT
5
479 240309
Kotka

24.3.2009
Jukka Kousa

Picture 3. An example picture of a typical lump breaker

After the lump breaker the raw material is fed through a rotary sifter (picture 4), which
removes all over-sized particles from the material.

Picture 4. An example picture of a typical rotary sifter.

After the sifting phase the raw material is conveyed in to a dryer, where the possibly
needed (unlikely needed) drying of the material takes place. In the first phase, the dryer
can be replaced with a screw conveyor, which enables the acquisition of the dryer
afterwards if there is a need for it.
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After the drying phase, the material is fed through a magnetic filter that is used to
remove ferrous particles from the raw material.
After these production phases the raw material is conveyed to one of the two buffer
silos with a pneumatic conveyor. The conveying air of the pneumatic conveyor is, as
needed, cooled down to 20-30 degrees centigrade.
The buffer silos are equipped with automatic moisture sensors, which indicate the
amount of water that is needed to be dosed in the mixing phase of the raw material
mixture.
The mixing of raw materials (bentonite, quartz sand and water) is carried out with a
batch mixer. The mixed and moisturized raw material mixture is pneumatically
conveyed into the product silos (2 units) of the mould filling station. The mixture can
be stored in these silos for the needed time of few hours to few days to achieve the
desired moisture equilibrium. The conveying air of the pneumatic conveyor is, as
needed, cooled down to 20-30 degrees centigrade.
Alternatively, the raw material mixture can be dosed immediately without any waiting
time to the compression moulds, that are then stored into intermediate storage for the
time that is needed to achieve the desired moisture equilibrium before the actual
compression of the moulds.
The raw material mixture is dosed from the product silos into a scale hopper from where
the mixture batches are dosed with a rotary valve or a screw conveyor into the
compression mould.
The moulds are filled on a vibrator table, whereby the vibration effect ensures a
compressed and homogenous filling of the mould and removes the air from the raw
material mixture. The filling rate of the moulds is adjusted by means of frequency
inverter control of the rotary valve.
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4. REMARKS ON THE EQUIPMENT OF THE BENTONITE HANDLING
PROCESS
4.1

The silos

The minimum size of the silos (picture 5) should be at least 60 m3 because the capacity
of the tank trucks that are in use in Finland is approx. 50-55 m3. Hereby, the volume of
the silo enables the storage of one single shipment into one specific silo without a
contamination risk between different shipments.

Picture 5. An example picture of silos. The larger silo’s volume is 80 m3
The silo’s geometry should be designed in a way that it enables mass flow of the
material, whereby the material discharges in FIFO-principle (first in-first out). FIFOdischarge of the material is achieved by tall and narrow silo geometry with a steep cone
angle (70 degrees or more).
Regardless of the silo’s geometry, a proper discharge aid should be used to ensure a
steady discharge of the silo. The most suitable discharge aid equipment for the bentonite
powder is equipment that is based on the fluidisation principle. In the fluidisation
principle bursts of compressed air are introduced into the material on the cone section of
the silo. The compressed air spreads into the powdery material reducing the interparticle forces the cause bridging of the material.
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The most recommendable discharge aid for the quartz sand is a vibrator cone, which is
the most suitable equipment for coarse, non-fluidisable materials.
The storage silos should be equipped with weighing modules that indicate the amount of
material inside the silo reliably and accurately.
Also, the silos should be equipped with dust filters that are pneumatically cleaned. The
pneumatically cleaned dust filter is more reliable solution compared to filters with a
vibrator cleaning, because the cleaning cycle can be run also during the silo’s filling.
Filters with vibrator cleaning can only be cleaned after the filling.
Furthermore, the silo must be equipped with upper limit switch and pressure relief valve
in case of over-fill of the silo. A suitable size of the conveyor line of the silo is DN100.
Maintenance hatches should be installed on top of the silo and on the lower part of the
silo’s jacket.

4.2

Conveyors

4.2.1

Conveyors for bentonite

The most suitable conveyors for dosing of bentonite are screw conveyors (picture 6) due
to their closed structure and easy adjustment of the dosing rate. Some things to take into
account in screw conveyors’ design:
-

the bearings should be isolated from the material with proper sealing
the pitch of the auger flights should be progressive in order to eliminate the risk
of jamming of the auger
the revolutions of the auger should be low – 23-30 rpm – in order to minimise
the wear of the auger flights

Picture 6. A screw conveyor.
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4.2.2

Conveyors for quartz sand

The most recommendable conveyor for the quartz sand is a tubular vibrator conveyor,
which are commonly used for conveying of sand-like materials at short conveying
distances (1-3 m). A screw conveyor can also be used for the quartz sand, but the
revolutions of the auger must be kept low (10-20 rpm) in order to minimise the wear of
the auger flights
4.2.3

Conveying between silos

The best solutions for the conveying of bentonite between silos are pneumatic, overpressure conveyors (picture 7).

Picture 7. A pneumatic conveyor.
Some observations and things to take into account in the pneumatic conveyors’ design:
- There is no contamination risk, because the conveyor lines become empty
between the conveying phases
- the pipe line routing is flexible
- the structures are light
- the conveyors have closed structure
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-

-

-

4.3

the wear in the pipe line due to quartz sand should be taken into account in the
conveying of the raw material mixture (wear-resistant pipe bends are
recommendable).
positive displacement blowers /screw compressors that produce clean, oil-free
air, are the most suitable solutions for conveying compressor
the temperature of the conveying air from the compressor is approx. 90-110° C,
which might cause additional drying of the conveyed material. The temperature
of the conveying air should be lowered near room temperature with a proper
heat exchanger.
To minimize the risk of contamination in tank truck deliveries, the needed air for
the tank trucks would be advisable to produce using the plant’s compressor
instead of one that is on the tank truck.

Lump breaking

There is plenty of proper equipment for the purpose of breaking of lumps on the market.
The particle size after the lump breaker is typically 2-3 mm or smaller. The capacities of
the breakers are typically very big compared to the size of the equipment.
4.4

Sifting

The most suitable equipment for the sifting of the raw material would be a round
separator or a rotary sifter. The rotary sifters have a large capacity compared to their
size. They are not suitable for fractioning, but only removal of over-sized particles.
Round separators on the other hand, are suitable for fractioning of particles and are
therefore the only suitable solution if fine material is needed to be removed.
4.5

Removal of metals

A magnetic filter can be used to remove ferrous particles from the raw material. There
are many suitable applications on the market (for example Goudsmit).
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Drying
A suitable equipment for the drying of bentonite is for example a Flash-dryer. The result
after drying phase in the Flash-dryer is a completely dry material. There is a clogging
risk in the Flash-dryer, if the material has poor flowing characteristics and the material
doesn’t dry properly.
Other suitable solutions for the drying are the Torus-disc dryer and the Solidaire dryer
(picture 8). The manufacturer of these dryers is Hosokawa Micron B.V. whose importer
is MS-Genetec Oy Hyvinkää.

(picture 8) Torus-disc dryer and the Solidaire dryer
4.6

Mixing and Moisturizing

Suitable equipment for mixing and moisturizing of the materials is a mixer that is
manufactured by a Norwegian company Forberg. Due to its operation principle, it has a
very large mixing capacity .The moisturizing can be carried out during the mixing
phase.
The duration of the mixing and moisturizing cycle with a 200 l model is approx. 30-90
seconds. In this case, the mixing and moisturizing capacity can be up to 8000-10000
kg/h. The Forberg’s mixer attains an extremely homogenous mixture, while its size and
need for
power is small. VTT’s Kemian laitos in Tampere has a 60 l Forberg mixer that might
be suitable for the test runs.
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4.7

An intermediate storage after mixing and moisturizing

Because the moisturized mixture needs a certain time to equalize (moisture
equilibrium), is storage in the buffer silos one possible option for this purpose. If the
buffer silos are build, the flow ability characteristics of the mixture must be analyzed.
Another alternative is dosing of the mixture to the compression moulds, that are then
stored into intermediate storage for the time that is needed to achieve the desired
moisture equilibrium.
The mixture can be dosed into the moulds, if the samples are accepted at analysis. If
not, the storage time can be continued or discharge the mixture into big bags.
4.8

Dust extraction

A dust extraction at the big bag discharge station and the mould filling station is very
important. Suitable equipment is either an efficient dust extraction unit (picture 9), or a
centralized dust extraction system. The total amount of air that is needed to extract is
approx 6000 m3/h.

Picture 9. A dust extraction unit.
4.9

Other things to consider
-

sampling at various phases of the process
the quality of air at the production / storage facilities (humidity and temperature)
the level of automation/process control of the manufacturing process
the means of producing/saving data from different phases of the process.
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Drawing 479003-1
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Drawing 479100-sheet 1
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Drawing 479101-sheet 1
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