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Svmsiary

Bentonite is used at present in many industrial branches 
ana its localities may be found in almost all parts of the 
world.

The aim of this lecture is to set out bentonite 
characteristics and to show possibilities of bentonite 
for industrial use. Properties of bentonite are described 
and mjiethods for their determination are shortly mentioned.
A review of world bentonite localities is given together 
with basic information about them.

Bentonite extraction and its benefdelation is decrioea, 
too. The extraction and the beneficiation is discussed from 
the point of view of different mechanization grades.

The industrial use of bentonite is based above all 
on its adsorbing and rheological properties. The adsorbing 
properties of bentonite are applied in oil refinery - U3e 
of bentonite in natural conditio*, or in activated state is 
discussed as well.

The application of bentonite in chemical industry is 
mentioned - bentonite is used either as a carrier of catalysts 
or as a catalyst itself.
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A packing technique exploits the good adsorption 
ability of bentonite for drying of air and industrial gases.

further application of bentonite is known in agriculture 
- bentonite helps improving soil structure or it is vsed as 
a carrier of pesticides and insecticides.

À food industry uses bentonite in breweries, sugar and 
wine production.

Rheological properties of bentonite are exploited chiefly 
in foundries, for so called "green moulding process". 
Requirements on bentonite for foundry purposes are given 
here, too.

The application of bentonite in further industrial branches 
i.e. in civil engineering, drilling processes and cosmetic 
and pharmaceutic industries is described, too.

A minor application of bentonite is known in paper 
industry, paint and varnish industry, textile industry, 
water treatment end others.
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xl. Definition and Properties of Bentonite

Bentonite is a clay rock with a dominant content of 
mineral montmorillonite, Big specific surface, colloidal 
properties and an ability to interchange ions are 
characteristic for bentonite.

Bentonite was found out and used at first, in England 
for cleaning of woolen cloth after fulling and for de
colorizing of oils and fats.

Hew deposits of bentonite were found at the end of 
19th century in USA. One of the deposits was near 
Fort Benton that has given the name to this clay rock.

%

Bentonites arised from volcanic rocks like basalt, 
diabas and from volcanic ash. The conversion of these 
materials into bentonite took place under alkalin conditions. 
The level of conversion influenced properties of bentonite, 
content and kind of concomitant substances. Concomitant 
substances are clay minerals i.e. illitq beidellit^ non- 
tronit^ kaolinite, further quartz, limestone, organic matters 
and others.

The most important mineral present in bentonite is 
montmorillonite. Its formula AlgO^^SiOg^HgO.nHgO is not 

> absolutely accurate. The ratio of Si to A1 may fluctuate.
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Silicon in a structure may be substituted by aluminium, 
aluminium oy magnesium or by iron* It results into free 
valences where further ions may be bonded* The elastic 
bond between structural units enables substantial swelling, 
high viscosity and thixotropy of diluted suspensions*

Concomitant substances and possibility of substitution 
of ions produce a very wide variety of kinds of bentonites 
not only from different deposits but sometimes from the 
same one*

Chemical composition of bentonites xs variable* The 
content of individual oxides usually lies between following
limits î „

a12°3 ......
Si02 ......
Pe2°3 ......
LigO c......
CaO ***.*.•
h2o ......
*2° ......Ka20 ......

Depending on the chemical composition Ca-bentonites, 
Lig-bentonites and rarely ITa-bentonites can be distinguished*

3asic properties of bentonites are strength and im
permeability even at a high moisture content, plasticity 
in a wide moisture range, high viscosity and thixotropy of 
suspensions and absorption ability*



Identification of bentonite is done on the basis 
of qualitative and quant it at ive identification cf mineral 
montmorillonite# ?or this purpose the following methods 
are used:
a) X-ray analysis
b) differential thermal analysis
c) quantitative chemical analysis
d) determination of exchange capacity of ions
e) determination of optical properties
f) determination of specific surface
g) determination of shape and crientation of particles 

by electron microscopy

X-ray analysis is the most accurate method for the 
identification of clay minerals at present. It enables 
relatively accurate quantitative determination of clay 
minerals# Differential thermal analysis may be used in 
such a case only if montmorillonite is present in the 
tested sample in dominaffe amount among other clay minerals# 
If this condition is not met, the determination is 
practically impossible# DTA gives the picture of the 
character of the sample (endo- and exothermic reaction 
in dependence on the temperature, etc#)

Quantitative chemical analysis, exchange capacity of 
ions, determination of specific surface are the method 
that help to evaluate the suitability of bentonite for 
different industrial uses# These methods are combined 
with the tests suggested and used in individual industrial 
branches#

— o —



III# lulu •'o-lu Localities of lc-r.to.~ite3

Bentonitic roc ho are very closely connected with 
produces oi volcaiiic activity. The localities oi* bentonites 
are most often oi secondary nature v/ith diriereat contents 
and sorts oi concomitant natters.
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In

The v:orld s Digest localities ci bentonites occur 
in the Soviet Union. Reserves of bentonites are estimated 
to amount milliards oi tons. They are spread almost in ail 
areas oi the Soviet Union. The thickness oi layers differs 
iron 1 to 27 metres, the area of deposits in tens oi square 
kilometres.

&

f.iou~a fcne reserves are 30 enormous they are exploited 
only partly, however the extraction lias an increasing 
tendency.

Bentonites in the Soviet Union are used mainly in 
drilling process and for refining oi mineral oils. Smaller 
part of bentonites finds their use in foundries as a binder 
and in another industrial branches.

Chemical composition of Soviet Union bentonites varies 
in different deposits, the composition of one of the most 
important deposits in Ueor-jia is as iollov/s:

’jiO g « . . .  5b, 94/j
iwl/jO /, iU^ 4 r 1 ¿ic’2 3  2 • • 15,4oh
*■ • • . . 2,̂ 7/'
CaO . . . .  l,3br/i• » # *
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h g O 0 0 0 0 2 , 5 S S

I T e g C 0 0 0 0 0 ,

K o 0 T 0 0 0 1 , 0 6 * , j

0 0 0 0 1 3 , 4 b 5 S

r  TX>. X . 0 0 0 0 6 , 0 9 ‘j

T h i s b e n t o n i t e ,  s i m i l i

ell the other deposits, is a Ca-Hg bentonite.

3entonites in the USA are found in many places. Deposits 
of bentonites are almost all of secondary nature with the 
exception of the deposits from Wyoming and Arkansas which 
are primarily sedimented. The quality of these deposits is 
excellent.

The layer thickness of bentonite deposits varies from 
several centimetres to 4 metres. The colour of bentonites 
i3 yellow or red-brown. It changes depending on the depth 
from light grey upto light green. Concomitant minerals are 
calcifce, quartz and pyrite.

Chemical composition of some American bentonites is 
given in table ilo. 1.
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fable ;.o • 1
Jher.ical corroosition of Uoi. bentonites

ii. X. 3i0o Alo0,2 j
Vp C)‘ e2°3 ^ 0  | CaO |

i
Locali ;y c t u- S /j

iyoming /* n- r—o,5b 64,33 17,20 8,27 If 51 j 1,91
ii t " .

Florida 10,00 62,27 11,76 7,43 3,bS i 1,89 i ; 1 tt- 1 i
Georgia 6,00 72,00 10,76 6,00 3,34 | 2,65 , 3 6 ; T,rC

1
Dakota 3,80 55,45 13,58 3 ,5 0 ! 3,46 i -

Phe r* i cr+* consumption oI irr.erican bentonites is in
drilling processes rollowed v;ith foundries, produesiCil of
bleaching clays and other branches of industry.

In Purope widely iuiov/n bentonite deposits are in 
b e m a n  federal Republic, Italy, Hungary, Poland, Yugoslavia, 
haaonia, Austria, Csechoslovaicia, Spain and less knov/n 
deposits are in some other European countries, too.

The ¡.lost important bentonite* localities in d e m o n  
federal hepublic are near IPunich. f’hose bentonites are 
exploited mainly as bleaching clays. The tnickncss of 
bentonite layers changes from several centimetres to 
2 rictree. Sometimes the thickness r.iay be even 3 - 4  metres.
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_l:e cor.tc:iv3 oi niontnorillcnite is bC-yC;.«, silica ¿slid, 
r.l:a, oalcit^, dolomite, feldspar cad clay minerals cue-*, as 
iilice and kao Unite occur as concomitant roinc-rais.

Averaro chemical eomoosition is as follows:

oiU

# #  #  #
?e2°3

:*o
CaC 
I^+IiagO
i# X# • • # •

• • » •
0 0 0 0

57h
Ol pi.

5,15-
2,1k
4, y.;
r, o;j
O -"U*o, 2,j

yrom the chemical analysis it is obvious that they arc 
(Ja-hj bentonites*

rhe colour of bentonites irom these ¿ocsuitlcs is .’ery 
different i.e* from lijht yellow to yellow, red-brown upto 
¿reon, blue and dark purple.

nonpar ion bentonites are concentrated into tv/o areas 
fhc bentonite deposits near Hungarian capital Budapest 
ere the product of weathering of volcanic ashes while in 
che other area tne deposits arised from rhyolitic lava 
as a result of 'normal water aj^ressivity.

Industrial use is in the production of bleacuin.j clays,
foundries and in drilling process.
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Clio:..leal analyses oi Mnnjai'ian bentonites suov- the
i o h o y /xu ;̂ coupe sxc xon :

• • • J> 60 . r?'v ; * it..}

2 j • • • • Li — 20h
i'e.O, • • • • 1 - 3,5.J

Cat # • • • 1,5 - 3,5‘h
I-IjO • • • 0 0,5 - 3,0^
i-i. X. • • • • 3 - lC‘,b

iXS

In Poland there are several localities 
;o3'G important one bein^ at Iladsionhov:. 
locality contains iron 25 - oGv- oi non

oi bentciiiies 
Bentonite iro 
ir.oriilonite.

Yugoslavia is a country with relative-y rich bentonx 
deposits. Bentonite is extracted in several localities 
and exploited for the production of bleaching clays and 
IT a-bent or.it e.

Ample deposits 
Italy. Bentonite is 
Italy is one of the

and production of bentonite exist ir. 
dressed nechanio c £ j and chemically, 
v/orld exporters oi bentonites.

n

i!Li

Bentonites have been located 
uuihoer oi places. Ihe deposits, 

:o in the north-west part oi the

in Czechociovaicia at 
industrially usable, 
country.

r



Chemical composition of bentonite iron: the locality 
near Branany snows '«lie following values:

SiC2 • • • • 35 - 47l/j

A12°3 » • » • 14 - 22%
Pe2°3 • • • • 13 - 20Vi
•TiCg • • • • 2,1%

CaO » • # • 2,8 - b,3%
EgO • • • • 2,3 - 3,7%
L.I. 11,4 - U,0%

Average thickness of bentonite layer is B metres, 
maTimnri thickness reaches as much as 27 metres* Bentonites 
from this locality are light green to brown green, 3he 
content of 2'e2^3 is relatively high nevertheless the 
quality is fully suitable for foundry purposes.

Ample deposits occur also in eastern Slovakia where 
bentonite for foundries and food industry is produced.

3e3ides Europe bentonites have been located in liorth 
Africa in Algeria and IJorocco, in South Africa near 
Johannesburg, further in India, China, Japan, Australia, 
Egypt and in some other countries.

Bentonite is used today in about thirty fields of the 
industry and its importance still keeps growing.

As it can be seen from this short review findings



iio clays are extended all over the v/obonbon



IV. Extraction and Refining of Bentonites

The method of bentonite extraction depends on 
geological conditions of a deposit. Bentonites are mainly 
extracted from open quarries. The extraction of bentonites 
from shafts is less usual.

Bentonites in some deposits may contain sand and smell 
stones. Removing sand and stones is necessary in such a case.
It is done directly in the mining place by means of washing. 

Bentonites are extracted by different kind of excavators 
such as shovel excavator or digging wheel excavator.

The quality of bentonite in the deposit very often 
varies. It is therefore necessary to guarantee a homogenization 
of raw material either at the extraction or at the stockyard,

A selective way of bentonite extraction can be used 
if the quantity of mined bentonite is not too high and/or 
if the mined bentonite is of a very good quality. The degree 
of a mechanization of extraction works is not too high in 
this case. The manual way of extraction may be also used.

The extracted bentonite is transported at the stockyard 
by lorries cr by a system of conveyor belts.

Further beneficiation of bentonites depends on the 
kind of use. Crushing, drying and milling is used often as a 
satisfactory way of bentonite beneficiation.

Bentonites are beneficiated by a chemical way such as 
natrification by soda solution or by perco\ation with acids.
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Bentonite is mechanically processed by pan mills, clay 
crushers or rolls.

Drying of bentonite is very important part of bentonite 
bénéficiâtion. There are different kinds of driers, such as 
drum driers, rotary driers, belt driers. Bentonites can also be 
dried in the form of suspension in spray driers.

The temperature of the drying medium at the inlet must 
not exceed 500°C, otherwise a dehydroxylation of the lattice 
of bentonite could happen. The outlet temperature is not 
higher than 110 - 120°C,

The dried product is milled at the required fineness.
The milling equipment used for milling of bentonite are 
hammer milla, rolls and disintegrators or other types when 
drying and milling is combined in one operation as for 
example in vibrating mills or attrition mills.

Bentonite dried in spray drier from solution need not 
be milled. The fineness of dried product 1 ¿nient.

à frequent way of the beneficiation „ . .entonite is 
natrification. The process of the natrification may take 
place in a dry or wet way. The natrification in the wet 
way is preferred because the process of cation exchange 
is more effective than in the case of dry way. Sodium 
carbonate is used as a natrification agent. Its advantages 
are low cost and a considerable reaction rate.

The wet natrification is carried out usually at a 
temperature range from 40 to 100°C#

The bentonite in the pasty state with sodium carbonate
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solution is kept at the above mentioned temperature and 
kneaded. The wet natrification is rather more expensive 
than the dry one, nevertheless, the quality of wet 
natrificated bentonite is substantially increased and its 
price may be double.

Further, an example of modern plant for the processing 
of bentonite is given.

The capacity of plant considered is 200,000 tons of 
milled bentonite per year, out of which 150,000 tons is 
activated i,e, natrificated bentonite and 50,000 tons 
non-activated bentonite. The consumption of raw bentonite 
ranges from 260,000 to 270,000 tons per year, extraction 
capacity being 300,000 tons of raw bentonite per year.

Bentonite is extracted by hydraulic shovel excavator 
end transported by lorries to a feeder, which batches the 
bentonite ever conveyor belt to cutter clay crushing rolls. 
Bentonite partially beneficiated in the cutter clay 
crushing rolls goes further to the stockyard.

The stockyard is situated very close to the plant.
The capacity of the stockyard is 120,000 tons that is 
sufficient stock for the production.

Haw material is taken out from the stockyard by bucket 
ladder excavators and by conveyor belts transported for 
further processing. It is rJ.so possible, if necessary, 
to take out the raw material from different places of the 
stockyard and to mix it together.

Further processing of bentonite is divided into two 
production lines. The first line produces non-activated
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bentonite and consists of milling equipment i.e. attrition 
mills* Bentonite is milled and dried at 2 to 6% moisture*
The rest on the sieve with openings 0,06 ram must not be 
higher than 5%. Bentonite beneficiated this way is transported 
to the bins and filled to the paper bags weighing 40 kg each* 

Activated i*e* natrificated bentonite is prepared in 
the second production line* The hot solution of sodium 
carbonate is used sis a natrification agent* The solution 
is prepared in the blungers, powdered soda is dissolved in 
water by means of water vapour* The concentration of soda 
in the solution is 12%, temperature of the solution 
80 - 90°C* all tanks end pipelines with the solution are heated* 

Raw bentonite determined l’or the preparation of 
natrificated bentonite goes at first to hammer crusher 
with rolls, then to box feeders and to the milling equipment, 
where bentonite is milled to 2 mm grain size and dried 
from the inlet moisture approximately 30% to the outlet 
moisture of 13%* The milled and predried bentonite is 
transported by a system of worm conveyors and by bucket 
elevators to a blender with two shafts* The solution of soda 
is added to this blender and simultaneously the water vapour 
is admissed* Bentonite is kneaded and heated, then pushed 
through grates to another blender* Hot water is added and 
bentonite i» properly kneaded again* The mass of 80 - 90°C 
temperature j,b transported to a worm deairing extruder 
where it is intensively kneaded and poshed througha
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a perforated mouth* A cutter placed just after the mouth 
cutis the mass into pieces of 10 to 15 cm length* The pieces 
fal]/fco the conveyor belt and are filled to further worm 
extruder where the last kneading operation takes place*

3entonite mass has now the temperature from 80 to 90°C, 
moisture from 33 to 36&« The mass is pushed through the 
mouth * cut into pieces and by a system of conveyor belts 
transported for drying*

liatrificated bentonite is dried in belt driers cut 
into noodles. The dried noodles having the moisture from 
8 to 12£ are transported by a system of conveyor belts 
and elevators to the hoppers at the mills* The noodles 
are milled to the fineness corresponding to the rest on 
the sieve with the openings 0,06 mm 5/-? maximum*

An efficient dust exhausting system is installed in 
the plant* The supposed number of workers is 110, total 
number of employed people is 135* Out of that there are 
two shifts at the extraction process and +hree shifts in 
the technological process i*e* in natrification, drying 
and milling processes*
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i-iust~-ial Utilization of Bentonites

Bentoni-es have found utilization in tens 'of 
industrial branches particularly in mineral oil refineries, 
drilling and drying technology, grey iron foundries, steel 
foundries, ceramics, chemistry, agriculture, building 
industry, pharmaceuticals and many others.

The use of bentonite depends on its adsorbing and
rheological properties.

Exploitation of absorbing properties of bentonite 
trill be dealt trith first.

1. Using of bentonite in oil refineries

Bentonites are used as a very important agent 
for refinery of edible, industrial and mineral oils 
as so called bleaching clays. Bleaching clays have 
an ability if they are in even small quantify - oh) 
added to these oils to adsorb dark colouring substances 
and phiegmy natters. The oils after adsorhtion become 
light and pellucid. Their quality is substantially 
imoroved*

Bleaching clays car; be divided in tv/o groups:
a) bleaching clays with good bleaching properties 

in natural condition only,
b) bleaching clays activated by reaction of mineral
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acids at some types of bentonites, a 
activity of these typos of clays is o 
higher than of the unactivated ones.

bio aening 
ft on

Che determination of suitable clay for blending 
purposes on the base of physical and chemical p\-parties 
of intended clays is very complicated. Chore does noo 
e::ist an exact and uniform criterion applicable for 
all kinds of bentonites and oils. Che best determination 
of bentonite suitability is empirical testing of ability 
to decolorise a certain oil.

Che bleaching clays belonging to the first group, 
usable without activation are dressed only mechanically 
by crushing» drying and milling.

The bleaching clays from the second group must be 
activated and the activation is usually dene by hydro
chloric acid or sulphuric acid.

Technology of the activation i3 following:
The bleaching clay stored for a longer time to 

improve désintégration is washed into a mud. By 
sedimentation sand and small stones are romoved and 
the mud is pumped to wooden vessels. The content of 
vessels is heated by steam. The vessels ore ? v led 
with paddle wheel-stirrors and acid-proof linings.
1 certain amount of acid is added to the mud in the
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1*0 C»Ç

OC
el, the whole content is nixed and heated 
illng point and after that ic is left at

to

a standstill for 24 hours# i’he acidity is checked
and
goes

f the result is satisfactory the 
through filter press v/nere it is

activated :uud 
further washed.

ihe final, acidity oust be very low# Bleaching clay 
from filter press iP then dried to 5 - of water 
content and milled#

Pinness of milling depends on a sort of oil
’.'iizcn zs to oe orocessec for reiinrny o" :.imera_ ozis
bleaching clays with, particles under 1,5 mu are used, 
for other oils the particles of bleaching clay to be 
used are finer maximum 1U rest on a sieve with 
100 op/sq#cr.i and maximum 12;j rest on the sieve ’.v_th 
4*900 op/sq.cm# i.e# particles under 0,6mm and 
0,05ixi respectively.

For a production of 1 ton of bleaching clay 
approximately 2 tons of raw clay and 1,3 - 1,5 tons 
of hydrochlorid acid is needed.

file
px’ope v «

activation substantially improves bleaching; 
cs, it is supposed that higher activity of

bentonite after treatment wit 
enhancing of cation exchange 
compound#

h acid ic caused by 
of acid alumosilicate
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The refining of mineral oil and paraifins is done 
by two different ways so called percolation method and 
contact method.

The percolation method nay be described as 
filtration at the temperature of 3 b - 95°C. It is 
carried out in a cylindrical vessel where the bleaching 
clay is placed on the sieve bottom. ?he refined oil or 
paraffin flows through by its own gravity. First 
fractions of refined oils have a better quality while 
the last ones are of a lower quality.

She contact method is a process in which oils and 
fine-grained bleaching clay are mixed together and heated 
upto the temperature of 85 ** 110 °C, then cooled down 
and filtered.

2 h ; percolation method is used for high quality 
oils and it is made with natural bleaching clay3.

The oils and paraffins of standard quality are 
processed by contact method in which activated bentonites 
are used.

Both processes can be discontinuous or continuous.

f
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Determination of bleaching clay ability to 
decolorise oil is usually done by comparison of two 
bleaching clays* flic first clay is the tested one with 
an unknown ability and the other is a standard one*
T-*- -ho be found out what quantity of bleaching
clay is needed to achieve the same decolorising effect 
as with the standard one* file colour of oils is measured 
by a colorimeter*

Decolorizing of edible oils is made by contact 
method only* file principle of bleaching does not di 
too much from the decolorizing of mineral oils.

or

fhe quantifcy of blf.ach.ing clay needed for proper de- 
colorisation varies fron 0,3 - 2,0^ of clay in relation 
to the v/eight of oil*

The activated bleaching clays are mostly used
for decolorising of edible oils* 
portion of activated charcoal is 
clays when a perfect refining of

Sometimes a small 
added to bleaching 
oil is to be reached.

Bleaching clays have substituted chemical de
colorizing agents and at present time they are essential 
in the oil refining processes.
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Çslng 0 - bentonite in chemical indus t re

lent onit es play an Important role in chemical 
processes* Chey are used either as carriers oi cataiysi 
or directly as catalysts«

Tlie bentonites apply mostly in petroleum processing 
industry« Iliere i3 a wide range of processes where the 
bentonites are used but the biggest quantity of bentonites 
go is to catalytic cracking# bentonite acts here as a 
catalyst and the product of tl-iis reaction is a high-octane 
oetrol«

A suitability of bentonite 
catalyst carrier is assessed on 
analysis (very import an-: is low 
the la-O decreases the activity

for the function of a 
the basis of chemical 
content of l.a,,0, since 
o x ¿»¿e ca « u.i_y 3 1# ) i

SIX
sorption, capacity 
X-ray difraction

-he most reliable desemination of suitability 
is '¿ne testing of a catalyst on eh experimental equipment 
.having similar conditions as in production« '¿hi*. ::.;cri::;ent
though being very expensive stays for the most dependable 
one and practically the main criterion for tae d jt o m i -  
natron of bentonite suitability«
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decuirasicnto on quality of catalyst are very high, 
important pointy arc-:

a) Catalyse m e t  be of activity that neons the
yielding of petrol must be high,

c) .activity of catalyst is to be kept on constant level
- these conditions arc readied by periodical addition 
of fresh catalyst in the quantity of C p e r  raw 
material quantity being processed#

c) Catalyst roust be thermally stable - temperature at 
catalytic cracking is 4eO°Cf regeneration of the
canalyst requires even TOO C#

d) Mechanical strength, of catalyst is also required
- losses of catalyst roust not exceed 0,3 m per weighs 
o'.' raw material being processed,

e) Chemical and physical chemical properties of ¿he 
catalyse must not fluctuate,

f) A good regeneration ability is required and finally 
a price of the catalyst should bo reasonable.

In the last time bentonite is substituted by kaolin
as a crashing catalyst. Kaolins have a rather iov/er
catalytic activity but or: the other hand iov/er fe..u,— **
content in kaolins r.iahe them more suitable for processing 
of crude petroleum v/ith high sulphur content which is 
now ore vailing ir. the world market.

4
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Another example of the use of bentonite is in the 
preparation of greases. Greases are used in many 
machines and equipment worhing under demanding conditions 
- high temperatures, high speed, etc, - requiring 
¿re as es with better properties,

file preparation of greases for extreme conditions 
is based on properties of Iiydrophobic bentonite to make 
a stable ¿els when mixed with oils.

Bentonite for these purposes must be free from 
all hard mineral particles and-furthermore-it is 
recessaiy to change a hydrophilic character of bentonite 
to a hydrophobie one. Hydrophobisation of bentonite is 
mad0 by excraaging of anorganic cations CM'5’, Ha+) for 
organic ones.

Bentonite greases are prepared on the basis of 
a benicr..i.te beneficiated in such a way. fhese greases 
are known under the name of bentor.s, .ïhey have a very- 
good greasing property within the temperacure range 
trorc 60°C to 200°C, in 3o:.io cases up to 30G°C. fhey 
have a good mechanical and oxidising stability.

Bentonites have a good vapour adsorption ability 
what enables to use bentonites for drying of air

•i* -
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and industrial ¿ases.

Better drying ability has the bentonite the clay
mineral ci -which is Ca-montmoi 
with Ila-nontmorillonita.

llonite tlian bentonite

Engineering and electrical products are transported 
overseas packed in plastic foils and into this packing 
small cloth bags with drying agent are put. A common 
drying agent is silica gel -which, is very expensive and 
expenses on silica gel may reach even 50;j of the total 
packing cost.

Ji-U-ca
vaoour

. absorption capacity is a very important property, 
gel chov/3 absorption capacity of 20 grammes of 
per 100 grammes of drying agent while bentonite

lias the absorption capacity rather lower 13 14 grammes
per 100 grammes. All values are given at 30h relative 
humidity of air and at the temperature of 25°C.

The cost of bentonite as drying agent 
v/ith silica gel makes 8 - 10‘,j only.

if compared

is
The absorption capacity of 

relatively stable even after
a suitable bentonite 
regeneration.

In Czechoslovakia bentonite is produced as drying 
agent under the name DEXEDdOOIL the properties of which 
are as follows:
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oarticle sise (noodles) 2 - 1 0  a»
minus nesii material 
bulk weight 
maximum moisture 
absorption capacity

6 1 -

0,5 - 1,0 g/cuf'
15
14/100.2

4. üsiaæ of bentonites in agriculture

Bentonites are applied in agriculture in two ways 
depending on t.ieir properties, -hey are products oi 
weathering oi rocks and creat active components cf soil 
colloids# Properties of bentonite as cation exchange, 
big surface area, rheological properties, capillarity 
and others play an important role here.

Xiie presence of bentonite n. soil helps improving 
soil structure. Bentonite is therefore added primarily 
to a sandy soil, that means into soil with lack oi clay 
colloids.

Xhe second way oi use of bentonite in agriculture 
exploits its dispersion ability and surface activity 
for a preparation oi suspensions oi matters for the 
protection of plants.

As it lias already been said bentonite is added 
in soils where it binds sand grains and together with



V

- 29 -
1

♦

organic colloids a sorption complex is formed« Bentonite 
is a He to combine water, i.e. 1 gramme of L'aconite may 
bind as much as 20 Jessies of water in a fora of stable 
Cel« water bound this way forms a stock of soil water 
needed for slants« Bentonite seine hydrophilic in contact 
with water it releases 21 calories of heat of we it inf« 
Bentonite may thus be a thermal regulation of soil 
and may also influence an assimilation process in 
plants«

Research as well as practical experience have shown 
that bentonite not only makes the yield of plants higher 
but also in many cases improves even their quality«

Addition of bentonite proved successful in the 
growing of cotton and tea in dry areas of the Soviet 
Union« Good results in the use of bentonite were achieved 
in growing of cereals» vegetables» potatoes» corn and 
fruit trees«

Bentonite for agricultural purposes is being 
defined as: Bentonitic rock with certain content of 
nontmorillonitic clay minerals of total sorption 
capacity from 20 mval/100 g to 40 raval/100 g.

Bentonites of this, a little lowrr* quality» are 
available in many countries«

£
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Increasing of capillary voids in soil caused by 
swelling properties of bentonite as the main effect 
of bentonite in agriculture can be mentioned. Higher 
number of capillary voids enables binding of higher 
quantity of water which substantially improves water 
regime and microbial processes in soil, fhe quantity 
of bentonite needed for this purpose is not very high 
and relatively good results may be achieved at 
reasonable costs,

ihe consumption of bentonite depends on the pro
perties of soil - the more sandy soil the more bentonite 
is necessary to be added.

Bentonite may be applied directly mined with 
fertilizers either solid or liquid,

Prom an economical point of view the use of bentonite 
is very effective* It results in higher harvest what 
above all is important for countries with lach of food 
and moreover a profit from higher yield out-balances 
the expenses on bentonite several times,

Bentonites are also used as carriers of agents 
for plant protection such as pesticides and inspectlcide~. 
fhe carriers must be indifferent against these agents, 
sufficiently mechanically stable during handling, moisture 
should not exceed ft-*» grain size is required to be from 
approx# 0,25 - 2,5 nm, bulk density 400 - 500 g/1.
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Poultry farming uses bentonite for the preparation 
of granulated fodder where binding properties of 
bentonite are applied»

5» Bentonite in food industry

file usé of bentonite in production of edible oils 
has already been discussed. Bentonite applies in further 
branches of food industry e»g» in sugar nanufacture, .
brewing industry, canning industry and namely in the 
production of wine»

*

Bentonite was used for clarification and decolori—
sation of sugar cane juices* This process was success— 
fully implemented in sugar manufacture in South and 
Central America.

x’he production of sugar from sugar beet as it 
is known mainly in Europe nowadays doc3 not practically 
use bentonite* She use of bentonite for decolorisation 
of sugar beet juices brought some technical problems 
to the „agar production process and was practically 
v.dtadout success*

Problems also ocurrod when bentonite was used for
the stabilization of beer* There are agents existing 
in come countries produced on the basis of bentonite
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t:10 use O which .as successful. 'Tlieir effec. based
on adsorbing properties - they decrease total consent 
ex nitrogen ciatter. Use of bentonite agents for
stabilisation is not widely spread, its application, 
has found place in some breweries only.

ïiie production of wine is the food industry branch 
where bentonite has found its widest application. 
3entonite is considered to be the best agent against 
turbidity of wine caused by proteins. In many countries 
where the naturel wine is produced bentonite is 
essential.

It applies its colloidal properties and ability to 
exchange cations. Moreover, bentonite is inert and 
dissoluble and does not influence the characteristic 
taste of wine.

determination of suitability of bentonite i3 

made in the following way:

5 grammes of bentonite is added into 100 ml of 
water and mixed properly. Bentonite swells, forms 
hydrogel which is left at a standstill for approx*
2 hours. Then 20 ml of this gel is added into measuring

f

cylinder containing 1000 ml of distilled water and 
mixed. .Mixed suspension must be stable and must not 
settle down at least for 10 days, file solution i.e.
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20 ;.I of gel in 1000 :.:i of vra,ter is ¿Ivon into ano-uiior 
measuring cylinder, acetic acid is added so reach 3,5 pH 
and further 20 rr; of iron tricliiorid is added and it is 
properly nixed, too. oeverai minutes later precipitated 
particles settle down to the botton. The liquid above 
the precipitated particles becomes clear after 12 hours. 
If both the described tests were positive it means 
that the bentonite is suitable for the treatment of 
wines.

The quantity of bentonite needed for the clarifi
cation of wine is determined experimentally. It varies 
from 50 - 150 g/100 1 of wine and depends on the sort 
of wine and on the quantity of proteins present in 
wine.

She effect of bentonite depends on the -way of 
application. She application may be following:

a) She bentonite is dosed into the wine through a sieve 
and the wine i3 properly mixed with the bentonite.

b) She bentonite is3pread at the surface of wins and 
proper mixing takes place after 1 or 2 hours.

c) A 5/-» suspension of bentonite in wine io prepared 
and left at a standstill for 12 - 24 hours and then 
it is added to the corresponding amount of wine.

The mixing of wine with bentonite must be done 
very carefully otherwise it cculd happen that an un-
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been reached.

Further the use of bentonite based on its 
rheological properties v/ill be dealt with.

■1».

X *  .

I 6. Bentonite in foundries

-&
f - '

£ ■

Bentonite in foundries is considered to be an 
essential raw material the quail ty of ~/hich could

y - i  ,

influence the quality of castings. Proper attention must
v  . 
i . : ‘- be therefore given to a checking of bentonite itself

■

•* f* and to the moulding materials prepared from bentonite.
4

* * -  •

f e w
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fhe use of bentonite in foundries nay be divided
•gir\. . according to the purpose as follows :

a) Bentonite as an essential binder for the so called
"green moulding process". Band moulds aid cores arc
made from bentonite mixtures that may be cast v;ithout

drying. Bouetimes if it may be necessary the surface 
aof mould may be slightly predried by a flumS# rhesc 

bentoni;o mixtures are commonly used in steel foundries, 
grey iron foundries and for tue casting of non-ferrous
metal alloys, too.
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euionite together v/ith water •*' o < ? r* is a binder
n r.ii::tures called "binding mixture with water glass
.¿¿'ective "binding" chov/s tliat these mint*..ires posses

certain green compression strength usually from 350 
to 550 p/sq. cm in contract to mixtures wi-h water 
¿lass that have green compression strength, very low 
(iOGp/sc.em maximum) and must be hardened by carbon 
dioxide. A combination of binders - that of bentonite 
and wat°r glass - enables to utilize advantages of both 
the matters. Moulding mixtures of bentonite and water 
glass harden spontaneously in the air. ;fo speed up the 
hardening the moulds may be by-dried, friese mixtures 
are used in steel foundries, less often in grey iron 
foundries.

c) lioulding mixtures of natural clayey sand which are 
used in grey iron foundries exist. Illitc is the clay 
mineral present in these natural mixtures most often, 

fhe content of clay mineral varies, therefore bentonite 
is often used in addition of 1 - 3*.-» to improve and 
stabilise properties of natural sand. Return moulding 
sand (that ±3 used sand from moulds and cores cast) 
circulating in foundries loses partially its binding 
properties, hie audition of bentonite helps hooping 
the green compression strength a.3 well as permeability 
on the rcauired level.



■

- 36 -

d) ¿¡mall quantity of bentonite is added to mixtures 
of organic binders again to improve their streuth 
in green state, i'he addition of bentonite usually 
does not exceed 0,3̂ >.

e) Bentonite is also applied in paints that protect 
surface of moulds and cores against effects of 
molten metal. Paints are water suspensions of silica 

powder, fine milled corundum, cliaaot, magnesite, graphite, 
etc. Bentonite is added to tliis paints in the quantity 
of 2 - 5;--, it prevents relatively heavy particles of grog 
from sedimentation.

file wide application of bentonite in foundries 
has enabled the foundryaen to prepare moulding sand3 of 
required properties.

Bentonite used as a binder influences more or less 
the following properties:

green compression strength 
tendency to drying of surface 
permeability
development of gases and fumes 
dimensional stability of a mould

Green compression strength is the moot important 
property of moulding sand and depends on plastic properties
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of binder, i.e. of bentonite* Green compression strength 
is expressed in pounds per sq.cm* Values of green 
compression strength must be so high to enable casting 
in green s^ate* In most foundries such values of 
moulding sands lie in a range of 700 - 1100 pounds/sq.cm. 
A determination of strength is made with specimens of 
cylindrical shape prepared from a tested moulding sand 
by ramming* Dimension of specimen are: 50 cm diameter,
50 mm height.

Green compression strength of bentonite moulding 
mixtures varies depending on moisture. From the 
relations among moisture, green compression strength 
and permeability ensues a rule commonly known in foundries 
- the most suitable bentonite mixture is that with ma
ximum permeability. Moulding mixture with the highest 
green compression strength attainable with given 
bentonite lias rather low permeability and low moisture, 
b'uch a mixture is unusable for foundry purposes. It is 
too dry and its use could cause a casting's defect.
I.Iould3 and cores prepared from this mixture dry very 
quickly at the surface, edges and comers are friable.
3anu grains from moulding material get loosened and 
enter a casting.

Proper determination of moisture plays an important 
role other,vise even good bentonite may get deteriorated.
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At casting gasea and fuses occur whoso quantity 
depends on the hind and amount of hinders. 3entonite 
does not ¿ive rise to excessive quantity of ¿cases 
what is its further advantage.

And, finally, the last property which may be 
influenced by bentonite is a dimensional stability 
of moulds at casting process. 3inders at casting 
process shrink, on the other hand silica sand changes 
its dimensions positively. These facts are of principle 
significance at prevention ox’ scabs formation.

Scabs are serious castings defects that occur 
in foundry practice. The formation of scabs occur 
within a temperature range 300 - 600°C. Irregular 
and quick expansibility of quartz at 573°C supports 
scabs forming. An explanation and further causes 
of scabs forming ore far beyond the scope of this 
lecture therefore it cannot be discussed here, on the 
other hand if foundrymen v/ant prevent scabing bentonite 
with the highest possible green compression strength 
is to be used. The most suitable is I7a-bentonite 
or Ca-bentonite natrified with soda.

At the beginning of this chapter moulding 
mixture from bentonite and water glass as binders was 
mentioned and it was said that green compression strength
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lies in the range from 350 bo 550 p/cq.cm. fliis mixture 
nay be dried in the oDen air or by-dried v.rith a flame, 
iiie strength is enlianced upio 4- - 6 Ip/Gq.cn* and uoulds 
treated such a way after casting process produce castings 
without scabs. Thesp moulding mixtures may be very 
easily treated in such countries v/licre a relative 
humidity is low. On the other hand during the rainy 
season lor instance in India all efforts to harden 
bentonite failed - water glass mixtures were unsatisfactory 
owing to the high humidity which did not allow drying of 
the mixture and thereby formation of hydrated glass 
which is the precondition of hardening.

Required properties for bentonite mixture arc 
different for steel castings, grey iron castings and 
non-ferrous metal castings.

oteel castings - for machine moulding green compression
strength should be approx. GOO p/sq.cm 

- for hand moulding a higher green 
compression'strength i3 required 
ranging from ;)00 - 1100 p/sq.cm 

Castings from grey iron, non-ferrous metal ano 
from light alloys - for machine moulding of small

castings 500 - 700 p/sq. cm 
- for machine moulding of bigger 

castings 600 - 800 p/sq.cm



Permeability is another property to be checked 
at moulding sands* Bentonite has no influence on the 
permeability if its contcit is in the range from 
3 to 10;j what is the range used in foundries.

Permeability may be defined as an ability of 
rammed moulding mixture to let gases through it. 
Permeability is given in normal unit of permeability 
and the values are to be from 20 n. u. p. for the snalles 
castings up to 300 for stool castings.

Let us now make a review of requirements how they 
are specified by foundry experts.

Bentonite should have the following properties 
for the green moulding;

a) high green compression strength (good plasticity, 
high content of montmorillonite and high sorption 
capacity)

b) low sensibility to an excess of moisture (i.e. green 
compression strength must not decrease substantially 
if the moisture is even two times higher than the 
optimum ■value

c) resistance against friability at the drying
d) resistance against repeated heating at temperature 

range from 300 to 600°C

- ¿or hand moulding 800 - 1100 p/sq.cm
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e) low content of ^ 2^3 Oaaxiinum 12'.̂) arid no carbonates
f) high fineness of milling

It is not possible to express all these properties 
in standards because suitable tests do not exist for 
some of the above mentioned requirements* The standards 
of bentonite for foundry purposes usually specify 
a value of cation exchange, minimum of green compression 
strength determined at standard bentonite moulding 
mixture, permeability of the mixture, fineness of 
milling and moisture of the supplied bentonite* ¿ 1 1  

these properties do not cover all the conditions to 
which die bentonite and moulding mixtures are exposed. 
Llorever, there are not direct relations among properties 
of bentonite. The bentonite with cation exchange of 
60 mval/1 0 0 g may have the green compression strength 
substantially lower than bentonite with cation exchange 
of 40 mval/100 g only. The 3ame considerably variéd 
relations were found between cation exchange end de
colorising efficiency. It is therefore reconuaendable 
and in practice very often applied to évaluai-: 
bentonites under the conditions corresponding as 
closely as possible to the conditions in the production. 
It means to stimulate in foundries the conditions of 
casting process which, is difficult and though a number 
of methods were tried a metnod reliably evaluating 
the bentonite for foundry use does not exist untill now.
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The bentonite, nevertheless, is and will be an 
indispensable binder used in foundries. All efforts 
are paid to bentonite belief ic iat ion wit a the aim to 
give to the foundries a bentonite of such properties 
that would enable a reliable casting process.

è?-'- 7. Use of bentonite in ceramics

■V,- .•
lit Bentonite is applied as a plastification admixture
?" in a form of a fine dispersed clay in ceramics.

- i

*

✓

Bentonite if added in a quantity from 3 to 5^ 
only enhances plasticity to improve workability and 
mechanical strength of products in green state.

Systematic research in the Soviet union shows 
the following possibilities of use of bentonite:

a) A certain type of bentonite may substitute as many as 
20/i; of kaolin in an earthenware body and Gc/j of kaolin 
in China clay body without -the white colour of bodies 
being influenced.

b) The bentonite decreases the temperature of sintering 
hence it decreases the firing temperature, too.

c) A wide interval between sintering temperature and 
body refractoriness enables a production of ware with 
a low or high porosity.



A similar experience lias been net with in other countri 
too. These advantageous properties of bentonites 
enable either to use raw materials of low qualify for 
instance less plastic clays or partially they nay 
substitute high plastic clays.

The use of bentonite brings of course some dis
advantages, too. Bentonite for instance worsens 
filtration of slurry, increases shrinkage and viscosity 
These problems could be solved with the use of spray 
drying in place of filter presses or with audition 
of aeflocculants. All advantages and disadvantages 
are to be taken into account and it is important to 
choose an optimum alternative from both technical 
and economical point of view.

The content of oxides of iron, manganese ana 
titanium must not exceed 3cn otherwise the colour 
of body could be affected adversely.

These facts show that the use of bentonite in 
ceramic industry deserves proper attention.

3 • 3ontorlto_iig_clvil_en^ineerin(j

application of bentonite in bulding industry 
is based on its hydrophilic, thixotropic and swelling
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properties. Bentonites afe used in a f o m  of suspensions 
and pastes.

water suspensions of bentonites enable to seal 
rocks or huge objects built beneath the subsoil ;vater 
level. The sealing of rocks and civil engineering 
works i3 made in different ways.

Grouting i3 a process when the suspension of 
bentonite with water applied to the pervious rock 
prevents water iron seepage.

A ceneiit suspension is used for the sane purpose 
the advantage of bentonite suspension is that it is 
a better sealing nediun than cement suspension.
Particles of bentonite ere finer than those of cament 
and in voids and leakages they swell preventing thu3 
the seepage of water.

A resistance of bentonite against water with 
deleterious effects is higher also them the resistance 
of cecumt. Bentonite suspensions on the other liana have 
а email strength and may be washed away by subsoil water.

A further гтау of bentonite suspension application 
is a sealing of bottom and elopes of canals and dams.
This application has a big significance at the tightening
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of irrigating canals where it prevents the leakage of 
water.

There are some other technologies of bentonite 
suspension application but their description is out 
of the scope of this lecture*

i

►

»

9. Use of bentonite in ch

Colloidal and rheological properties of bentonite 
suspensions have found a very important application in 
geological survey.

Drilling fluid is prepared from bentonite and is 
used for drilling of crude oil, coal, ore, natural gas 
and mineral rar: materials.

The main tasks of drilling fluid are:

1. to consolidate walls In the drill at a time 
of drilling

2. to slow down the sedimentation of drilled earth
3. to help to transfer the drilled material from the 

drill to the surface
4. to create a thin, impermeable and elastic layer 

on the drill surface that prevents the natural gas 
and water from Intruding into the drill
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5* to cool a drilling pit and to lubricate drill rods

The drilling fluid conteins from 6 to 8$ of bentonite 
if it is sodium bentonite* Calcium bentonite is less 
suitable for the preparation of drilling fluid* It is 
necessary, for the preparation of drilling fluid from 
calcium bentonite, to use substantially higher amount of 
this type of bentonite to obtain drilling fluid with 
suitable properties* This influences very infavourably 
the use of calcium bentonite in drilling technique and, 
hence, it is preferred to use natrium bentonite instead*

The consumption of bentonites for drilling purposes 
is relatively high; in the USSR it amounts to almost one 
half of total bentonite production and in the USA one third 
of the total bentonite production*

The amount of drilling works grows and simultaneously 
grows the consumption of the drilling fluid containing 
bentonite and the requirements on the properties of drilling 
fluids are higher,too.

10* 3entonite _in pharmaceutic and cosmetic industry

3entonites may be used in pharmacy and cosmetics 
either directly or as auxiliary agents* The direct use 
of bentonite is based on its adsorbent and antacidic
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properties* Bentonite is a component of some ointments, 
pills, pastes*

Trater suspensions of bentonite with bentonite 
content higher than 10% create a gel that enables 
using such gel as a base for a preparation of ointments* 
The advantage of bentonite is that bentonite is a very 
well compatible with almost all other components*

It is also known that for X-ray diagnostic of 
stomach water suspension of barium sulphate is used* 
Bentonite is added to this suspension in the amount 
of 5% what prevents the sedimentation Of heavy particles 
of barium sulphate*

Bentonite is a frequent component of different 
cosmetic products such as soaps, pastes, creams, etc* 
Bentonite replaces the part consisting of fats in these 
products*

The consumption of bentonite in pharmaceutic 
and cosmetic industries, of course, is not big* The 
requirements for the quality of bentonite for these 
purposes, on the other hand, are high*

f

#
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11. Use of bentonite in other industrial branches

So called organobentcnites what are products 
of reaction between bentonite and suitable organic 
matter, have found an application in paint and 
varnish industry.

Bentonite as auxiliary filler may be used 
for the production of paper for technical purposes. 
The addition of bentonite enables to increase the 
amount of filler, i. e. kaolin in the paper mass.

Bentonite in textile industry is used as 
a washing and degreasing agent.

t There are many other examples and possibilities 
where bentonite may be used and they all identify 
bentonite as a very important and useful material.




