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MANU – ISOSTATIC COMPRESSION OF BUFFER BLOCKS – SMALL 
SCALE   

ABSTRACT 

The purpose of this study was to become familiar with the isostatic compression 

technique and to manufacture specimens to study various aspects of the manufacturing 

process. These included for example the effect of moisture, maximum compressive 

pressure, vibration, vacuum, specimen size, coating, multiple compressions and 

duration of load cycle on the density and other properties of bentonite specimens. Also 

the amount of volumetric contraction was of interest in this study together with the used 

mould technology. 

This work summarizes the tests done with isostatic compression technique during 2008. 

Tests were mainly carried out with MX-80 bentonite, which is a commercial product 

and currently the reference bentonite in the repository reference plan. Tests were made 

from June to November 2008 both in Finland and in Sweden. VTT made four test series 

in Finland.  MABU Consulting Ab made two test series in Sweden. Also Posiva Oy 

carried out one preliminary series before this study in Finland. 

The test results show that there is a clear relationship between density and moisture 

content at all pressure levels. The calculated degree of saturation of more moist samples 

remained at the level of 95 -to 98 % of full saturation. It should be possible to 

manufacture buffer blocks with high accuracy (density, water content, degree of 

saturation), if similar preliminary tests are done. 

Tests did not support the assumption that vacuum (partial or full) in the specimen 

during compression increases the final density. Tests showed that pre-vibrated 

specimens had a slightly higher density but the difference was insignificant. Coarse raw 

bentonite produced the highest dry density of all sodium bentonites used. The highest 

dry density values were received with Minelco's Ca-bentonite, but the average water 

content was not extremely accurate. 

The following recommendations were derived from the results of this project: additional 

tests should be carried out to determine the relationship between density, moisture, 

degree of saturation and strength of the specimen. Also tests should be carried out to 

produce information on homogeneity of large specimens and information on the effect 

of the isostatic pressure and duration of the compression. Tests should be done to show 

that also granulated material follows the found water content density relationship and to 

study the material loss due to machining to the final block dimensions. This must be 

done with large samples. 

Techniques like vibration or vacuum - separately or combined - may be used to pre-

compact the material in the mould to reduce both mould size and contraction of the 

sample and tool material during pressing. It may also be possible to reshape the mould 

with a vacuum inside. Tests should also be carried out to study the swelling capacity of 

materials compressed to different densities under different water contents – both 

swelling pressure and volume increase capacity due to swelling. 

Keywords: bentonite; isostatic; compression; moulds 



 

MANU – BENTONIITTILOHKOJEN ISOSTAATTINEN PURISTUS – PIENI 
MITTAKAAVA 

TIIVISTELMÄ 

Tutkimuksen tavoitteena oli tutustua isostaattiseen puristustekniikkaan sekä valmistaa 

näytteitä, joilla selvitettiin valmistusprosessiin vaikuttavia tekijöitä. Näihin kuuluivat 

mm. kosteuden, maksimi puristuspaineen, tärytyksen, tyhjiön, näytekoon, pinnoituksen, 

monivaiheisen puristuksen sekä puristussyklin keston vaikutus bentoniittinäytteen 

tiheyteen ja muihin ominaisuuksiin. Lisäksi tutkittiin tilavuuden muutosta sekä 

arvioitiin käytettyä muottiteknologiaa.  

Tässä selvityksessä esitetään yhteenveto vuoden 2008 aikana isostaattisella puristus-

tekniikalla tehdyistä kokeista. Suurin osa testeistä on tehty MX-80 bentoniitillä, joka on 

kaupallinen tuote ja tällä hetkellä loppusijoitussuunnitelmien vertailumateriaali. Testejä 

tehtiin kesäkuusta marraskuulle 2008 sekä Suomessa että Ruotsissa. VTT teki 4 sarjaa 

Suomessa. MABU Consulting Ab on tehnyt kaksi testisarjaa Ruotsissa. Posiva Oy teki 

lisäksi yhden alustavan testisarjan ennen tätä tutkimusta Suomessa. 

Testitulokset osoittavat että tiheyden ja vesipitoisuuden välillä on selvä yhteys kaikilla 

painetasoilla. Kosteimpien näytteiden kyllästysaste oli 95…98 %. Puskurilohkoja pitäisi 

pystyä valmistamaan hyvällä tarkkuudella (tiheys, vesipitoisuus, kyllästysaste) kunhan 

samanlaiset alustavat testit on tehty. 

Testit eivät tukeneet sitä oletusta että näytteen alipaineistus tai tyhjiöitys puristuksen 

ajaksi lisäisi saavutettavaa tiheyttä. Testit osoittivat että ennen puristusta tärytetyt 

näytteet olivat hieman tiheämpiä, mutta ero oli hyvin vähäinen. Suurin kuivatiheys 

kaikista käytetyistä natrium bentoniiteistä saavutettiin karkealla raakabentoniitillä. Vielä 

hieman suurempia kuivatiheyksiä saavutettiin Minelcon Ca-bentoniitillä, mutta niiden 

näytteiden keskimääräinen vesipitoisuus jäi epävarmaksi. 

Saatujen tulosten perusteella suositellaan tehtäväksi lisää testejä tiheyden, kosteuden, 

kyllästysasteen ja lujuuden välisten riippuvuuksien selvittämiseksi. Testejä tarvitaan 

myös suurten näytteiden homogeenisuuden määrittämiseksi sekä isostaattisen puristus-

paineen ja puristuksen keston vaikutusten selvittämiseksi. Kokeita tarvitaan lisäksi 

osoittamaan että myös granuloitu materiaali noudattaa havaittua vesipitoisuus–

kuivatiheys yhteyttä. Suurilla näytteillä olisi kokeiltava bentoniittikappaleen lopullisiin 

mittoihin työstämisen aiheuttamaa materiaalihävikkiä. 

Tärytyksellä ja alipaineella, erikseen tai yhdessä, voidaan muotissa olevaa bentoniittiä 

tiivistää ennen puristusta, jolloin näyte ja muotti kutistuvat vähemmän puristuksen 

aikana. Lisäksi muotista voidaan tehdä pienempi. Voi myös olla mahdollista muotoilla 

tyhjiöitettyä muottia. Pitäisi myös selvittää eri vesipitoisuuksilla ja eri tiheyksiin 

puristettujen materiaalien paisumiskyky – sekä paisumispaine että tilavuudenmuutos-

kyky. 

Avainsanat: bentoniitti; isostaattinen; puristus; muotit 
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1  INTRODUCTION 

The purpose to this study was to become familiar with the isostatic compression 

technique and to manufacture specimens to study various aspects of the manufacturing 

process, like the effect of moisture, maximum compressive pressure, vibration, vacuum, 

specimen size, coating, multiple compressions and duration of load cycle on the density 

and other properties of bentonite specimens. Also the amount of volumetric contraction 

was of interest in this study together with the used mould technology. Specimens 

produced were tested for homogeneity and used in other tests. This work produces part 

of the performance specification required in the disposal license. 
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2  BACKGROUND 

There are two basic methods - uniaxial and isostatic - to manufacture buffer blocks for 

repository use. Both methods can be used to produce large blocks, up to the full 

diameter of 1700 mm and height up to one to two meters. 

 

The benefit of uniaxial technology is that it only needs a large frame and mould to 

operate and it produces blocks to exact dimensions. The load required can go up to 200 

MN or more. The disadvantage of uniaxial technology is that the specimens or blocks 

are not homogenous in relation to density and the inhomogeneity increases when the 

height to diameter ratio increases. Also these specimens are prone to cracking if 

released in the wrong manner from the mould due to friction forces. A big disadvantage 

of the uniaxial technology is that there are very few places where the full size blocks 

can be manufactured. 

The benefit of the isostatic technology is the homogeneity of the final compressed 

block. With the isostatic method it is possible to manufacture markedly higher 

homogenous buffer blocks. The homogeneity of the finished product depends solely on 

the moisture and material homogeneity of the raw material. Similarly to uniaxial 

technology, the disadvantage of the isostatic technology is that there are very few places 

where blocks can be manufactured. At the moment it is unclear how many presses 

capable of manufacturing full scale buffer blocks exist in the world. Another 

disadvantage is the need to tool the blocks to correct dimensions. 

Compression tests done in this study were made mainly at Turku Ceramics Oy, Finland 

by VTT and secondly at Saint-Gobain, Advanced Ceramics Ab, Robertsfors, Sweden by 

MABU Consulting Ab. Both plants were able to compress similar sized specimens. 

These plants differed mainly in the mould technology that was used in these 

compressions. 

Tests series were carried out to determine the effect of moisture and isostatic pressure 

on the density of the specimen. Also the effect of preliminary vibration and partial 

vacuum was tested. One material - MX-80 bentonite - was used in the major part of the 

tests, but tests were also made with Minelco Ca-bentonite and IBECO SEAL S-FGS. 

Relationships between water content and density, compressive pressure and density, 

material type and density were determined. Some basic knowledge of the behaviour was 

received and tests gave good insight into the isostatic manufacturing technology and 

also sufficient knowledge to produce blocks of certain moisture content and density. 



5 

 

3  MATERIALS 

Table 1 presents all materials used in this study. The most commonly used material was 

Wyoming bentonite, MX-80. Two different batches of MX-80 were used. The first 

batch was purchased on February 2008 (batch I) and the latter was purchased in 

September and delivered in October 2008 (batch II). Four hundred kilos of MX-80 from 

batch I were sent in June from Tampere University of Technology to VTT for testing 

purposes. A 1000 kg batch was sent from Askania Ab, Sweden to VTT in October 

(batch II). Coarse Na-bentonite was used for the tests in Robertsfors, Sweden. Ca-

bentonites were from Milos island in Greece, provided by different suppliers. 

 

Table 1. Bentonite types used in different tests. 

Bentonite, trade name, 

origin and batch 
Type or form Series 

MX-80, Wyoming, USA  
(batch I & batch II) 

crushed, # 0-1 mm moisture content, varying 

pressure and size 
Coarse Na-

bentonite,Wyoming, USA 
crushed, #0-32 mm partial vacuum  

different tool 
AC-200, SP Minerals 

activated Ca-bentonite, 

Greece 

powder, #0-0.5 mm one point density 

comparison 

Minelco, Ca-bentonite, 

Greece 
powder, #0-0.1 mm one point density 

comparison 
IBECO SEAL S-FGS 

granules, Greece 
granulate, #0.5-2 mm one point density 

comparison 

 

Samples of all these materials were delivered to B+Tech Oy (not from the latter MX-

80). Some test results will be given in future reports. 

The data sheets delivered by the producers of these materials are attached as annexes 

(Annex 1 - 5). 

The grading curves of the more coarse grained materials (Table 1) are shown in Figure 

1. Grading was obtained by dry sieving and the minimum sieve size was 63 µm. Sieving 

time was 60 seconds. 
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Figure 1. Grading curves of some of the studied materials. 
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4  ISOSTATIC COMPRESSION 

4.1  Isostatic compression principle 

The principle of isostatic compression is to encapsulate material that will be compressed 

in an impermeable, flexible and pressure-resistant mould, bag or container. The 

container input in a high pressure vessel and the pressure is increased inside the vessel 

up to a desired level. Hydrostatic pressure will compress the material in the flexible bag 

homogenously from all directions thus producing a homogeneous specimen. The 

principle of the press and operation is shown in Figure 2. 

The isostatic pressing method involves high-compression moulding of powdered 

materials, such as ceramics and metal powders, into high-density isotropic forms that 

are free of cracks, strains and laminations. 

The process employs a chamber filled with liquid which is applied under hydraulic 

pressure simultaneously and uniformly to all surfaces of the part being formed. 

The powders to be compacted are encapsulated in a shaped membrane, known as a bag 

tooling, which serves both as a mould for the part and as a barrier against the press 

liquid. 

 

 

Wet bag pressing: 

o The material is filled into a flexible tool, 

usually made out of rubber. 

o The filled tool is sealed and prepared for 

pressing 

o The tool is cleaned, to keep dirt from 

contaminating the pressing medium 

o The tool is inserted into the pressing chamber 

which is filled with the pressing fluid. That is 

why it is called "wet" bag pressing. 

o The press cycle is as follows: The tool is 

inserted into the vessel, pressure applied, 

pressure removed and then the tool removed. 

 

Figure 2. Principle of operation of an isostatic compression apparatus. 

(http://www.loomis-gmbh.de/index.pl/isostatic_pressing, 4.12.2008). 
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An isostatic press can be of any size - it can be used to press tiny as well as large 

objects, dimensions up to meters. For example, standard vessel diameters of 508 mm to 

3 m and standard pressures up to 4,000 bar are available from Avure Technologies Inc. 

From complete buffer blocks very large presses are needed and unfortunately they are 

still very rare also globally. Figure 3 shows a large apparatus under construction. 

 

Figure 3. A large isostatic compression apparatus (wet bag press). 

(http://www.avure.com/iso/products/cold-isostatic-presses.asp, 4.12.2008) 

 

4.2  Isostatic moulds 

The technique is called wet bag pressing and in practise the material is enclosed in a  

mould and compressed hydrostatically in a pressure vessel. There are several alternative 

solutions for the bag itself. The bag can for example be made of metal (metal balloon) 

or some sort of rubber or other tight but compressible and flexible plastic material. The 

bags or containers that were used in this study were made of plastic and technical 

rubber. 

In Turku the pressing was made with plastic tubes which were closed with either metal 

or plastic disks. At Saint-Gobain in Robertsfors Sweden the bag was made of rubber, 

both for the bag and the top cover. 

No pictures of the moulds (tools) are shown in order to protect the manufacturing 

technologies of the factories. 
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4.3  Specimen preparation 

Material used in the isostatic compression was first homogenized and then moisturized. 

A pre-determined mass of air dry bentonite (taken from bags, moisture content also pre-

determined) was poured into a small concrete mixer (type Zyklos, 250 rpm, free bowl) 

and first mixed for one minute to homogenize the mass. 

After that the calculated amount of extra water was added by manual spraying while the 

mixer was operating. The mixer was stopped once or twice during the moisturizing to 

remove clods from the inner surfaces of the mixing bowl. 

After final mixing (one minute) the batch was divided to several samples and each 

sample was filled to plastic double bags and identified clearly. From each mixed batch a 

sample was taken for moisture content determination. 

Added water was calculated to produce a 0.5 % higher moisture content than the target 

value. It had been noted in other earlier tests that drying corresponding to 0.5 % will 

happen during the whole sample preparation process. 

 

4.4  Compression of specimens 

The manufacturing procedure consisted of the following phases: 

o Filling of the bag (filling and manual compaction) 

o Pressing the bag to chosen pressure (400 - 1400 bar, typically 1000 bar) 

o Wait period (60 seconds) 

o Release of the pressure 

o Disassembling the bag 

o Weighting (plain specimen and protected specimen and the plastic bag) 

o Protection of the specimen (specimen in plastic bag under partial vacuum, ca. 0.6 

bar) 

o Identifying the specimen 

o Preparation for transport. 

The duration of the whole pressing cycle was ca. 2 + 1 + 2 = 5 minutes for 1000 bars for 

two specimens. The rise and fall time values depend on the total amount of bentonite in 

the press. 

 

4.5  Coating of specimens 

In this study some trial pressings were made with two special coating procedures: a one 

pressing cycle, and a two pressing cycles (layer by layer). Materials were prepared 

separately for each part. In the first technique a two-material sample was made and 

pressed in one cycle. Both the core and the surface material were poured into the tool, 

and a temporary wall separating them was removed before pressing. In the second 

method the tool was first filled with the core material and pressed. Then the gaps 
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between the tool and the core were filled with surface material and the pressing was 

repeated. Different materials were used for the core and the surface. 

Problems with this technique 

- Mechanical - requires sophisticated moulds, filling, pre-compaction, may lead to 

inhomogeneous product due to different stiffness of the materials 

- Timing - two phase pressing takes twice the time 

- Moisture related - different moisture contents may lead to cracking (see Figure 4). 

 

 

Figure 4. Picture of a coated specimen. Two phase pressing. Core and surface have the 

same average moisture, but because the surface coating is a mixture of quartz and 

bentonite, and quartz doesn’t absorb water, the bentonite in the surface coating was 

actually moister than the core. 

 

4.6  Vacuum and vibration 

There are at least two reasons to use vibration before pressing of the block. The most 

important benefit might be to reduce the compression (reduction in volume) of the 

material by having a higher initial density when the compaction starts. If this is possible 

the dimensions of a press for large blocks can be smaller. Furthermore, it might also 

reduce the appearance of folds on the mould/blocks. 

In this study a sieving machine was used to produce the vibration. Neither this device 

nor the plastic bags were optimal for this purpose. Vibration of the sieving machine was 

not entirely vertical but contained a large horizontal component. The plastic mould had 

to be fixed to the sieving machine and this prevented the use of a free moving upper 

platen. In addition the contact forces (friction/adhesion) between the mould and steel 

platen damped the free movement of the platen during vibration. 



11 

 

Limited and inconsistent knowledge of the effect of a partial vacuum of the sample 

before and during compression exists. Tests made using a vacuum in this study showed 

either benefit or harm from the vacuum. 

A vacuum inside the mould can be utilized during the manufacturing on ring-shaped 

blocks. A vacuum confines the mould with an internal hole thus there is no need to use 

a separate dummy steel support during the pressing. Tests to study making cylindrical 

rings have not yet been carried out. 

 

4.7  Multiple compressions 

Multiple compressions of the same specimens were not made. This is due to problems 

with the used technology. A second compression would have lead to leakages and 

leakages were not allowed in the press. Multiple compressions can perhaps be made 

with the technique used in Sweden. 

 

4.8  Protection of specimens 

Protection of the specimen if the weight was < 12 kg, was made by putting the specimen 

in a special plastic bag and by applying a partial vacuum, ca. 0.6 bar in to the bag. Then 

the bag was sealed. This technique was noted to perform well. 

For this purpose a vacuum packing device and plastic bags were used. The sample was 

put in to a plastic bag and then all air was removed away from the bag. 

Specimens protected in this manner can be stored in normal laboratory environment 

(Figure 5). 

4.9  Determination of density 

Density of the isostatic specimens can be determined either via mass and dimensions or 

by using normal air and water weighing. To determine the dry density also the moisture 

content must be known or measured. 

In this study the density of all specimens was determined using air and water weighing. 

To enable the water weighting, the specimen had to be protected with a watertight 

cover. The packed specimen was air and water weighed. The volume and density of the 

plastic bags were also measured. 

For small specimens (ca. one litre) one bag size was used, but for larger specimens 

different sizes of plastic tubes/bags and also rubber balloons were used (Figure 6). For 

larger specimens (> 6 kg) special weighting arrangements were uses (two balances or 

one force transducer). 

The density variation in larger specimens can be measured by sampling systematically 

in different parts of the larger sample. During this study no verification of homogeneity 
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was made. The densities of the top and bottom halves of the largest sample were 

determined. 

 

 

Figure 5. Picture of a specimen inside a protective plastic bag. 

 

 

Figure 6. Picture of a medium size specimen (ca. 200 mm  x 400 mm ht) in a rubber 

balloon for density determination. 
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5  TEST AND RESULTS 

5.1  General 

Tests were made at four different times from June to November 2008 both in Finland 

and in Sweden. Most tests were carried out by VTT but one series were carried out by 

Posiva Oy and one by Posiva Oy's consultant, both in Sweden. Posiva Oy carried out 

one preliminary series in Turku before this study. 

 

5.2  Test series 

All tests series that were done by VTT in this study are shown in Table 2. Tests made 

by Posiva Oy and/or consultant are shown in Table 3. 

 

Table 2. All test series done by VTT in Turku during 2008. 

Series, date Variable or property or 

condition or task 
Materials Note 

I/10.6.08 Moisture/density, 

mould: d = 112, 1 = 160 
MX-80 (batch I) w = 13 - 25 %, 7 levels 

II/8.8.08 Pressure/density, 

dry mass, mixed mass 

mould: d = 112, 1 = 160 

MX-80 (batch I), 

quartz 
p = 400 - 1400 bar, 6 

levels 

III/9.10.08 Size, mixture 

mould: d = 112, 1 = 160 

and d = 300, 1 = 1150 

MX-80 (batch I&II), 

quartz 
Large size specimen, 

material mixtures 

IV/21.11.08 Size, vibration, mixture, 

gradation and material 

mould: d = 112, 1 = 160 

and d = 185, 1 = 460 

MX-80 (batch II), 

quartz 
Coarse Na-bentonite 

AC-200 

IBECO SEAL S-FGS 

Medium size specimen, 

material comparison 

 

Table 3. All test series done by Posiva Oy and/or consultant during 2008. 

Series, date Variable or property or 

condition or task 
Materials Note 

1/1. - 2.8.07 Technology testing 

mould: d = 112, 1 = 160 
MX-80 powder, Cebogel- 

and MX-80-pellets 
Turku Ceramics Oy 

2/4. - 5.9.08 Wet bag, partial vacuum 

mould: d = 230, 1 = 500 
Coarse Na-bentonite  Saint-Gobain, Sweden 

3/16.10.08 Specimen manufacturing 

mould: d = 230, 1 = 500 
Minelco, Ca-bentonite Saint-Gobain, Sweden 

 

The tests were carried out in order to study the relationships between moisture content 

and dry density, isostatic pressure and dry density and other issues such as the effect of 

pre-vibration, vacuum in the mould and the effect of gradation on density. 
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5.3  Density 

The average results of compression tests made by VTT are shown in Tables 4 - 7. Each 

density is the average of two or three specimens. Detailed results from all tests are given 

in Annexes 6 - 9 and Figures 7 - 10. Similarly the results of tests made by Posiva Oy 

and/or their consultant are given in Tables 8 - 9, Annexes 10 - 12 and Figure 11. 

 

Table 4. Average density values of different tests. Series I / 10.6.2008. Moisture content. 

Material Pressure 

(MPa) 
Wet density 

(t/m
3
) 

Water content 

(%) 
Dry density 

(t/m
3
) 

MX-80 100 2.125 12.7 1.886 
MX-80 100 2.091 15.2 1.816 
MX-80 100 2.084 16.7 1.785 
MX-80 100 2.065 18.8 1.738 
MX-80 100 2.036 21.1 1.680 
MX-80 100 1.999 22.6 1.626 
MX-80 100 1.968 24.8 1.576 
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Figure 7. The relationship between water content and dry/wet densiy in specimens 

made on 10.6.2008. 
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Table 5. Average density values of different tests. Series II / 8.8.2008 . Compression 

pressure. 

Material Pressure 

(MPa) 
Wet density 

(t/m
3
) 

Water content 

(%) 
Dry density 

(t/m
3
) 

MX-80 40 2.020 12.5 1.795 
MX-80 60 2.071 12.5 1.840 
MX-80 80 2.102 12.5 1.868 
MX-80 100 2.123 12.6 1.886 
MX-80 120 2.145 12.6 1.905 
MX-80 140 2.158 12.6 1.916 
MX-80 Dry 100 2.101 6.1 1.980 
MX-80 (80%) + quartz (20%) 100 2.103 9.7 1.917 
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Figure 8. The relationship between isostatic pressure (in press) and dry/wet density in 

specimens made on 8.8.2008. Note: 1000 bar = 100 MPa. 
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Table 6. Average density values of different tests. Series III / 9.10.2008. Size, material, 

mixture. Two first series are made of mixture, following two have a bentonite core and 

coating made of mixture. 

Material Pressure 

(MPa) 
Wet density 

(t/m
3
) 

Water content 

(%) 
Dry density 

(t/m
3
) 

MX-80 (80%) + quartz (20%) 100 2.121 13.1 1.875 
MX-80 (80%) + quartz (20%) 100 2.091 17.1 1.785 
core

1)
: MX-80 / coating

2)
: 

MX-80 (80%) + quartz (20%) 
100 2.120 13.3 1.871 

core: MX-80 / coating: 

MX-80 (80%) + quartz (20%) 
100 2.074 17.1 1.771 

MX-80 - Large specimen 

(material/batch II) 
100 2.108 12.8 1.868 

1)
 core corresponds to the inner, cylindrical part of the sample 

2)
 coating corresponds to the surface layer (ca. 5 mm) on top of the core 
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Figure 9. The relationship between material mixtures, water contents and dry/wet 

density in specimens made on 9.10.2008. 
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Table 7. Average density values of different tests. Series IV / 21.11.2008. Size of the 

block, material, mixture. 

Material Pressure 

(MPa) 
Wet density 

(t/m
3
) 

Water content 

(%) 
Dry density 

(t/m
3
) 

MX-80 100 2.128 13.4 1.876 
MX-80, vibrated 100 2.133 13.3 1.883 
MX-80 (80%) + quartz (20%) 100 2.080 17.0 1.777 
AC-200 powder 100 2.134 13.4 1.883 
AC-200 powder 100 2.114 17.6 1.797 
IBECO SEAL S-FGS, granule 100 2.026 13.5 1.784 
Coarse Na-bentonite, 
medium size 

100 2.164 13.5 1.906 

MX-80, medium size 100 2.121 13.3 1.872 
MX-80, medium size 100 2.085 17.6 1.773 
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Figure 10. The relationship between material mixtures, materials, water contents and 

dry/wet density in specimens made on 21.11.2008. 
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Table 8. Individual density values of different tests. Series 2 / 4.-5.9.2008. Pressure, 

mould, vacuum. Material coarse Na-bentonite. Pressure release time three minutes. 

Material: 

coarse Na-bentonite. 
Partial vacuum in the mould 

before pressing (mbar) 

Pressure 

(MPa) 
Wet density 

(t/m
3
) 

Water content 

(%) (*) 
Dry density 

(t/m
3
) 

50 100 2.153 12.6 1.912 
240 100 2.159 12.6 1.917 
15 100 2.146 12.6 1.906 
25 100 2.158 12.6 1.917 
30 100 2.118 12.6 1.881 
80 80 2.155 12.6 1.914 
250 80 2.154 12.6 1.913 
200 120 2.170 12.6 1.928 
250 120 2.171 12.6 1.928 
73 120 2.149 12.6 1.909 

(*) Only average water content is known. 

 

Table 9. Average density values of different tests. Series 3 / 16.10.2008. Material 

Minelco Ca-bentonite. 

Material Pressure 

(MPa) 
Wet density 

(t/m
3
) Water content 

(%) 
*) 

Dry density 

(t/m
3
) 

Minelco, Ca-bentonite 100 2.189 12.2 1.951 
Minelco, Ca-bentonite 100 2.181 12.2 1.944 
Minelco, Ca-bentonite 100 2.177 12.2 1.940 
Minelco, Ca-bentonite 
**) 

100 2.063 12.2 1.839 

*) average value, used for all specimens 

**) different color 

 



19 

 

1400

1500

1600

1700

1800

1900

2000

0 10 20 30

Water content (%)

D
ry

 d
e

n
s

it
y

 (
k

g
/m

3
)

40

50

60

70

80

90

100

D
e

g
re

e
 o

f 
s

a
tu

ra
ti

o
n

 (
%

)

Density

Deg. of saturation

 

Figure 11. The relationship between water content and dry density in specimens made 

on test series 1 / 1. - 2.8.2007 in Turku. Note: ρs = 2.780 g/cm
3
. 

 

The degree of saturation is given in Annexes and it has been calculated assuming the 

specific density of the used bentonite to be ρs = 2.65 g/cm
3
 (Annex 6 - 11). This value is 

only an estimate. The value of specific density depends on the method used in the test 

/Karnland et al. 2006/. 

The estimated uncertainty of the density measurement was reasonably small. The 

estimate for uncertainty for small specimens was: U = ± 0.02 g/cm
3
, for example ρwet = 

2.00 ± 0.02 g/cm
3
. 

 

5.4  Findings 

From the test results a unique relationship was found between water content and dry 

density. Also during the testing it was noted some shortcomings in the technology and 

some unexpected behavior of the specimens. 

Moisture - density relationship 

The relationship between water content and density is illustrated in Figure 13. This 

relationship is based on all the results of tests made by VTT in Turku during 2008 

(Series I-IV). Thus the figure contains also tests results made with all pressures (400 - 

1400 bar of series II). It can be seen that there is a unique relationship between water 

content and density for each pressure. It can be assumed that a similar type of 

relationship exists for other materials. 
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The degree of saturation increases to 95 % and more and stays at that level after the 

moisture content goes above 17 %. The absolute value of saturation depends on the 

value of specific gravity of bentonite. 

More detailed information of tests made with MX-80 at 1000 bars and different water 

contents are shown in Figure 13. 

From Figures 11 and 12 it can be seen that the isostatic method is quite repeatable, 

because the values are similar in two totally independent test series. 

Figure 12. Moisture - dry density - degree of saturation relationships for MX-80 

bentonite. Tests were made by VTT at Turku Ceramics Oy. 
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Figure 13. Moisture - dry density relationships for MX-80 bentonite and coarse Na-

bentonite (this bentonite is a raw material for MX-80) all at 1000 bars. Tests were made 

mainly at Turku Ceramics Oy, but one series was made at Robertsfors, Sweden. Codes: 

V/NV vibrated/non-vibrated, CG coarse Na-bentonite, L large, EL extra large, P 

pressure series, D dry, S Sweden, M moisture series. 

 

Pressure - density relationship 

The relationship between isostatic pressure and density was illustrated in Figure 8. It 

can be seen that the density of the specimens increase as the hydrostatic or the isostatic 

pressure increases. This phenomenon is not clearly seen in specimens made in Sweden, 

as see from Table 8 values. 

Technology shortcomings 

Major shortcomings were connected to the use of plastic moulds, especially long ones 

with high length/diameter -ratio. End platens, inside the tube, were quite thin (only few 

tens of mm) and they tended to move towards the center of the tube during the 

compression. This caused the clamps to loosen and the whole assembly to loose its 

water tightness at low pressures. This caused some leakage problems (Figure 14). The 

material compresses axially ca. 15 - 20 %, so at one end of the ca. 400 mm tube this 

corresponds to movement of 60-80 mm, so the platen can slip under the clamp easily. 
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Coated specimens 

Two series were done to test the coating of specimen with another material. The last 

series, where the compression was done in two stages, had cracking of surface (outer 

layer) which occurred surprising and fast. The possible reasons are the differences in 

bentonite water contents but also the compression, which was no longer isostatic in the 

second stage. The stiff core sample, which was pressed in the first phase and the tool 

used did not allow free isostatic (hydrostatic) pressing in the second phase. The radial 

and axial pressure against the core was correct but the pressure along the surface of the 

core was not. 

 

Figure 14. Specimen with wet surface due to leakage during pressure release. 
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6  ACCEPTANCE OF THE BLOCK 

After the block green body is compressed with either uniaxial or isostatic method the 

green body must be checked against failures or cracks. This can be done manually and 

usually visual inspection is enough, but it can also be made with some NDT 

technologies. NDT technologies available have been studied in an earlier Posiva project. 

Possible NDT methods are based on ultrasound, microwaves and X-ray tomography. 

The time to carry out testing must be decided. The block must be intact when lifted to 

the hole but it should also be intact if decided to use immediatedly or store for later use. 

After the soundness testing the dimensions of the green body must be checked. This is 

only needed if isostatic compression is used. This is a problematic challenge because of 

the dimensions and large mass of the green body. One possible way is that the block is 

scanned in 3D to get a fast approximation of the dimensions and determine if they fulfil 

the required dimensions before machining of the block. Utilizing a scanner may need 

the green body to be lifted onto a turntable to scan the whole 360º. It may also be 

necessary to turn it upside down. A lifting technology is also needed, which can be 

based on suction loaders or mechanical grips of some kind. 

One possible scanner suitable for this purpose may be the VIVID 910 series digitizer 

made by Konica Minolta. In Finland Neopoint Oy for example is able to make the 3D -

scanning at this scale and also the interpretation of the results. The dimensional 

accuracy depends on the scanning - high accuracy needs a fixed scanning frame, with 

hand held scanners the deviation in a dimension is plus and minus millimeters. If 3D -

scanning and interpretation takes too much time a simpler method must be developed. 

 

Figure 15. A bentonite block lifted by vacuum lifter and secured by four straps. 

/Börgesson et al. 2002/. 

 

The buffer block must be homogeneous. This can be verified with sampling, when 

starting the production and by random X-ray tomography tests during the production. 

Material should be homogeneous with respect to grain/pore size distribution, moisture 

content and dry density. 



24 

 

The accuracy and resolution of the NDT testing depends on the sensitivities of the 

techniques used. The quality and reproducibility will be maintained by periodic checks 

and measurement of dummy specimens. The same applies also for the determination of 

3D-dimensions of the block. 

The criterions for the acceptability decision must be created in connection with the 

establishing of the design basis. 

Each green body is marked with an identification tag either made with a bar code or 

RFID tag. This tag must follow each block from the compression mould to the 

repository hole. 

If the block is coated with some other material than bentonite it is obvious that a 

different acceptance process has to be developed. 
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7  SUMMARY 

This report summarizes the tests done with the isostatic compression technique during 

2008. Tests were mainly carried out with MX-80 bentonite, which is a commercial 

product and currently the reference bentonite in the repository reference plan. 

The test results show that: 

- There is a clear relationship between density and moisture content at all pressure 

levels, which is probably unique for all types of bentonite. 

- The calculated degree of saturation of more moist samples remained at the level of 

95 to 98 % of full saturation. This result applies if the specific gravity is 2.65 g/cm
3
, 

as used in the calculations. 

- It should be possible to manufacture buffer blocks with high accuracy (density, 

water content, degree of saturation), if similar preliminary tests are done. 

- Tests did not support the assumption that vacuum (partial or full) in the specimen 

during compression increases the final density. This remains to be checked later in 

large scale tests. 

- Tests showed that pre-vibrated specimens had a slightly higher density but the 

difference was insignificant. Also this remains to be checked later in large scale 

tests. 

- Tests showed also that the coarse Na-bentonite produced the highest dry density of 

all Na-bentonite materials used. This can be seen by comparing the dry density 

values obtained with MX-80 (batch I, II and coarse Na-bentonite) at 1000 bars. The 

assumed reason for this is the form of the grading curve which was well graded. The 

normal MX-80 is poorly graded and as such is more difficult to compact. The 

highest dry density values were received with Ca-bentonite, but the average water 

content was not extremely accurate. 

Method description must determine how the final block quality is verified - sampling is 

not allowed. It must be based on sampling of raw materials and monitoring of moisture 

content together with measuring the dimensions and mass of the fabricated blocks. 
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8  RECOMMENDATIONS 

The following recommendations were derived from the results of this project: 

- Tests should be carried out to determine the relationship between density, moisture, 

degree of saturation and strength of the specimen. Also air permeability is of 

interest, because vacuum lifters will be used and the material shall not be too 

permeable. 

- Tests should be carried out to produce information on homogeneity of large 

specimens. 

- Tests should be carried out to produce information on the effect of the isostatic 

pressure and duration of the compression. Increased pressure may enable high 

density blocks to be made and time may increase the density and degree of 

saturation. 

- A correct method for determining accurate values for specific gravity must be 

developed and adopted, see /Karnland et al. 2006/. 

- Tests should be done to show that also granulated material follows the found water 

content density relationship. 

- Tests should be done to create information on new bentonite materials, both in 

respect to moisture and pressure. 

- Test should be done to study the material loss due to machining to the final block 

dimensions. This must be done with large samples. 

- Techniques like vibration or vacuum - separately or combined - may be used to pre-

compact the material in the mould to reduce both mould size and contraction of the 

sample and tool material during pressing. It may also be possible to reshape the 

mould with a vacuum inside. 
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ANNEXES 

1. MX-80 Na-bentonite, Data sheet, Askania AbData sheet, SP-Minerals Oy 

2. Minelco, Ca-bentonite, Data sheet, MINELCO Ab, Norden 

3. IBECO Seal S - FSG, Data sheet, S&B Industrial Minerals GmbH 

4. Coarse Na-bentonite, Data sheet, SP-Minerals Oy 

5. AC-200 Ca-bentonite, Data sheet, SP-Minerals Oy 

6. Results from isostatic tests made on 10.6.2008. Water content - dry density 

relationship 

7. Results from isostatic tests made on 8.8.2008. Mainly pressure - dry density 

relationship 

8. Results from isostatic tests made on 9.10.2008. Specimen size and mixtures - dry 

density relationship 

9. Results from isostatic tests made on 21.11.2008. Specimen size, material mixtures, 

materials - dry density relationship 

10. Results from isostatic tests made on 4. - 5.9.2008 in Sweden. Mainly pressure and 

vacuum - dry density relationship 

11. Results from isostatic tests made on 16.10.2008 in Sweden. Material- dry density 

relationship 

12. Results from isostatic tests made on 1. - 2.8.2007 in Turku. Water content, 

material mixtures, materials - dry density relationship 
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ANNEX 1. MX-80 NA-BENTONITE, DATA SHEET, ASKANIA AB 
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ANNEX 2. MINELCO, CA-BENTONITE, DATA SHEET, MINELCO AB, 
NORDEN 
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ANNEX 3. IBECO SEAL S - FSG, DATA SHEET, S&B INDUSTRIAL 
MINERALS GMBH 
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ANNEX 4. COARSE SODIUM BENTONITE, DATA SHEET, SP-MINERALS 
OY 

Industrial Sodium Bentonite 
 

 
 
Functional Use  Multi-purpose product noted for rapid dispersion in water. 
  Employed in a wide variety of industrial applications.    

 
Purity  Hydrous aluminium silicate comprised principally of the clay 
mineral 
  Montmorillonite. Montmorillonite content 90 % minimum. 
Contains small  portions of feldspar, biotite, selenite, etc. 
 
Chemical Composition   Typical Analysis (moisture free) 
      
   SiO2  63.02 % 
   MgO  2.67 % 
   A12O3  21.08 % 
   Na2O  2.57 % 
   Fe2O3   3.25 % 
   CaO  0.65 % 
   FeO   0.35 % 
   H2O  5.64 % 
   Trace    0.72 % 
 
Chemical Formula   A tri-layer expanding mineral structure of 
approximately:  (Al, Fel.67, Mg0.33)  Si4O10  (OH2) Na+Ca2+

0.33   
 
Moisture Content  Maximum 12 % as shipped. 
 
pH    5 % solids dispersion 8.5 to 10.5 
 
Viscosity   1 part bentonite to 15 parts deionized water (6.25 % solids) 
dispersed  on high-speed mixer. Fann viscometer , 8cps. minimum 
 
Packaging   Multi – wall paper bags, (25 kg), big-bags or bulk 
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ANNEX 5. AC-200 CA-BENTONITE, DATA SHEET, SP-MINERALS OY 
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ANNEX 6. RESULTS FROM ISOSTATIC TESTS MADE ON 10.6.2008. 
WATER CONTENT - DRY DENSITY RELATIONSHIP 
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ANNEX 7. RESULTS FROM ISOSTATIC TESTS MADE ON 8.8.2008. 
MAINLY PRESSURE - DRY DENSITY RELATIONSHIP 
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ANNEX 8. RESULTS FROM ISOSTATIC TESTS MADE ON 9.10.2008. 
SPECIMEN SIZE AND MIXTURES - DRY DENSITY RELATIONSHIP 
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ANNEX 9. RESULTS FROM ISOSTATIC TESTS MADE ON 21.11.2008. 
SPECIMEN SIZE, MATERIAL MIXTURES, MATERIALS - DRY DENSITY 
RELATIONSHIP 
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ANNEX 10. RESULTS FROM ISOSTATIC TESTS MADE ON 4.- 5.9.2008 IN 
SWEDEN. MAINLY PRESSURE AND VACUUM - DRY DENSITY 
RELATIONSHIP 
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ANNEX 11. RESULTS FROM ISOSTATIC TESTS MADE ON 16.10.2008 IN 
SWEDEN. MATERIAL- DRY DENSITY RELATIONSHIP 
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ANNEX 12. RESULTS FROM ISOSTATIC TESTS MADE ON 1. - 2.8.2007. 
WATER CONTENT, MATERIAL MIXTURES, MATERIALS - DRY DENSITY 
RELATIONSHIP 

Isostatic wet bag pressing

Specimens were made on 1-2.8.2007 at Turku Ceramics Oy. 

Test Nr Material Pressure

Water 

content

Wet 

density

Dry 

density Sr

Void 

ratio, e

Specific 

gravity

(MPa) % (kg/m3) (kg/m3) (%) (-) (kg/m3)

1 MX-80 100 17.0 2073.0 1772.4 82.9 0.57 2780

2 MX-80 100 14.4 2089.6 1826.2 76.8 0.52 2780

3 MX-80 100 8.8 2090.4 1921.3 54.7 0.45 2780

4 MX-80 100 19.3 2058.3 1724.9 87.9 0.61 2780

5 MX-80 100 17.2 2046.8 1746.7 80.7 0.59 2780

6 MX-80 (1:2) Cebogel pellets 100 17.4 2082.2 1773.0 85.3 0.57 2780

7 MX-80 (1:2) Cebogel pellets 100 17.7 2087.2 1773.3 86.7 0.57 2780

8 MX-80 (1:2) Cebogel pellets 100 17.8 2095.8 1779.6 87.9 0.56 2780

9 MX-80: Pellets (1:1) Powder 100 15.1 2054.3 1784.4 75.4 0.56 2780

10 MX-80: Pellets (1:1) Powder 100 18.3 2055.4 1736.8 84.9 0.60 2780

11 MX-80: Pellets (1:1) Powder 100 18.4 2050.7 1731.5 84.6 0.61 2780

12 MX-80 75 17.2 2032.4 1734.6 79.2 0.60 2780

13 MX-80 125 17.3 2037.3 1736.8 80.1 0.60 2780

14 MX-80 100 23.6 2005.5 1622.3 92.0 0.71 2780

 

 

 

 

 




